fec

intelligent solutions worldwide

PROGRAMMING MANUAL

PROGRAMMABLE CONTROLLER (HCA2)

Lo =Y o T o S 9
R 1 o Yo 10 o o USRI 11
O 1T T RS 11

1.2 What is a Programmable Controller? ... iiiee e 11

1.3 What do You Need to Program a PLC?........ccooviiiiie i 12

1.4 Special considerations for programming eqUIPMENt...........occcuereeercveeeesiiiieeeeennnns 12
1.4.1 Current Generation CPU all VEISIONS.........ccccvvcviereiiiiiece e csiee e e 12

2. Basic Program INSTFUCTIONS .......eeiii e e e e 12
2.1 What iS @ PrOgram?......ccccuveiee ettt e s st e e e e st e e e e e nnbae e e s snnaae e e e e snnnneae s 12

2.2 Outline of Basic Devices Used in Programming .........ccccooceeeriieeiiieeenieee s 13

2.3 How to Read Ladder LOGIC .......coiiieiiiiiieiiiee ettt 13

A oY= 1o I oY= 1o [0 V=T 41T 14

225 T O 11 | SR 15
2.5.1 Timer and Counter VariatioNS ..........cccvovereriee e 15

2.5.2 Double Coil DESIGNALION .......ccieeiiieiiieiee ettt 16

A SN 2 Lo I g Lo B T A= 6= <R 17

A O 1A [ 4171 1= YT 18

2.8 Load Pulse, Load Trailing PUISE ........ccoveiieeiee e 19

2.9 And Pulse, ANd Trailing PUISE.......c.eve i 20
2.10 Or Pulse, Or Trailing PUISE ........ccuvieiiee et 21
2200 @ g = oo RS 21

B I A T I 21 oo G SR 22

2. 13 MPS, MRD @nd MPP ...ttt 24
2.14 Master Control @and RESEL.........uvvii i 25
2.15 SEt ANd RESEL........oeiiie et 28
2.16 Timer, Counter (OUL & RESEL) .....ccciiciiiiie et 29
2.16.1 Basic Timers, Retentive Timers ANd COUNLEIS .......ovvvevvevvriieiieiiiiieieeeeens 29

2.16.2 Normal 32 Dit COUNLEIS.........vuieee e e e 30

2.16.3 High Speed COUNEIS.....ccciiciieee et e st e st e e s tre e e stae e e e s enraeaeeanes 30

2.17 Leading and Trailing PUISE..........c.coi i 30

2. L8 INVEISE .ttt e et e e s st e e e e e b b e e e e e e n b rr e e e s e nar e e e e e anreeaens 31
A el Lo @] oT=T =\ 1 o] o RPN 32
202 0 I = T SRR 32

3. STL PrOgramIMiNg.....cceoiee ettt sttt ettt sbe e bt e et e e san e e sbeesabeeanee s 33
3.1 What is STL, SFC AN IECL13L PArt 37 ...ccoeeeeiiiieeiiiiieeeeie e eee e e e eeeneeeeeneeeeeees 33

1



fec

intelligent solutions worldwide

3.2 HOW STL OPEIALES ...ceteeiitieeee ettt e ettt e ettt e e stb e e e e s s ss e e e e s s anbne e e e s snnreeeens 34
3.2.1 EaCh Step IS @ PrOogram......cccueeiieiiiiiee ettt 34

3.3 How To Start And ENd An STL Program ..........ccceeieieneeiieenieeniee e 35
3.3.1 Embedded STL PrOgramsS........c.cccueeiuiarieeriueesireenieeseeesieesneesieesreessseeseeeenne 35
3.3.2 ACHVALING NEW STALES ......eeiiiiiiitiiiiieriie ettt 36
3.3.3Terminating an STL Program.......ccccccveviireiee s esees e esee e siee e see e 36

3.4 Moving BetWeen STL SIEPS.....uvii ittt 37
3.4.1 Using SET to drive an STL COIl.....ccccvreviiieiiie e 37
3.4.2 Using OUT to drive @an STL COIl.....cccvreviiieiiee e 38

3.5 Rules and Techniques FOr STL programs.......ccccoceeereeesieeesiieeesieeesieeesvee e s 39
3.5.1 Basic Notes On The Behavior Of STL programs.......cc.cccceevveeenierenveeennnn 39
3.5.2 Single Signal Step CONtrol.........cccoiiieririieee e 41

3.6 Restrictions Of Some Instructions When Used With STL.........cccocceeveiiiennneennnn. 42
3.7 Using STL To Select The Most Appropriate Program ..........cccccceeveeeneriieenineennnn. 43
3.8 Using STL To Activate Multiple Flows Simultaneously...........cccccevveniiienniniennnn. 44
3.9 General Rules For Successful STL Branching.........cccccevveevieenieniee e 45
3.10 General Precautions When Using HC-PCS/AT-EE Software..........c.ccccevcveeenee 47
3.11 Programming EXamPIES .......cueeiiiiiiie e 48
3111 ASIMPIE STL FIOW oot 48
3.11.2 A Selective Branch/ First State Merge Example Program ...........ccccc.c.... 50

3. 12 AAVANCEA STL USE.....iiiiiiii ittt 51
4. DEVICES IN DELAII .....eiieiiiie e 52
| o o U PP PPPR PP 52
@ 11 1011 | £ PP PP PPPR P 52
e BN D] L= 1V R U= F= YA SR 53
4.3.1 General Stable State Auxiliary Relays.........cccccevviveee v, 54
4.3.2 Battery Backed/ Latched Auxiliary Relays ........ccocoviieiiieiiniineiiiee e 54
4.3.3 Special Diagnostic Auxiliary Relays ..........cccccoveiiiiiiii e 55
4.3.4 Special Single Operation Pulse Relays.........ccccooeiiiiiiiiiieiniieieec e 56

4.4 SEAE REIAYS. ... ettt re e e rae e 56
4.4.1 General Stable State - State Relays.........ccccceveeiiiniieniieeee e 57
4.4.2 Battery Backed/ Latched State Relays.............cccooeiiniiiiiiniiiiiieeice 57
4.4.3 STL SEP REIAYS ...ttt 57
4.4.4 ANNUNCIALOT FIAQS .oiivveiiiiii et e et sreee e 58

G ][ 1= TP TRTUPRUSR 59
4.6 INTEITUPL POINTEIS ... .eiiiiiiie sttt ettt et e e et e e et ae e e srae e e snaeeesnreeeens 60
4.6.1 INPUL INTEITUPTS ...oeiiiiiiei ittt e e e e e e e e e s s sannees 61
4.6.2 TIMEE INTEITUPLS .. eeeiiciie e eeee e stee et e et e s e e e et e e et e e s snee e e snaeeesnneeeans 61
4.6.3 Disabling Individual INterTUPLS .....cveevcvieeee e 62
4.6.4 COUNTEI INTEITUPTS .ttt e e e e e e e e e s snannes 62
GO0 11 r= g | A RPN 62
4.8 CONSEANT H....oeeee et e s e e e s snr e e e e s ennees 63



fec

intelligent solutions worldwide

e B T L= TP TOPRROTRIN 63
4.9.1 General timer OPEratioN ........c.ceeiiiiiiiiie et saee e saeee s 64
4.9.2 Selectable TIMEIS ....c..oi it sreee e 64
4.9.3 REtENEIVE TIMEIS ..ot iiuiiiiciee et stie ettt e et e stae e st e e st e s snbeeesreeean 64
4.9.4 Timers Used in Interrupt and ‘CALL Subroutines..........cccccccovevveiiiniinnnnn. 65
4.9.5 TIMEE ACCUIACY......eiiieeeeiuieeesnteeesteseessteeessteeessteeesstesesseeesssteesssseessseessnsenesns 65

410 COUNTEIS ...ttt ettt ettt e e e bt e e s e e e as b e e sa b e e e st e e e s abneennnbeeeannneena 66
4.10.1 General/ Latched 16bit UP COUNLEIS ......ccccoviieiiiieieiie e 67
4.10.2 General/ Latched 32bit Bi-directional Counters..........ccccoceevveenieiieeiniens 67
4.11.1 Basic High Speed Counter OPeration ...........ccceeveeeviveeesiieressineesiineesneeeenns 69
4.11.2 Availability of High Speed COUNLENS ..........ccceeiiiiiiiiiie e 70
4.11.3 1 Phase Counters - User Start and Reset (C235 - C240) ........cccceeviveenne 71
4.11.4 1 Phase Counters - Assigned Start and Reset (C241 to C245) .............. 72
4.11.5 2 Phase Bi-directional Counters (C246 t0 C250)........ccccecevriueerieenennnens 73
4.11.6 A/B Phase Counters (C252 10 C255) ......ccccevueeriiniiieniieniee et 74

4.12 DAt REQISTEIS ... .eiitieieitetee ettt ettt sttt et bbb be e sae et e sene e 75
4.12.1 General USE REQISIEIS ....ccccuuieiiiieiiiieeitieeesee e stee et esiaee s see e s snaeeesneeeens 75
4.12.2 Battery Backed/ Latched ReQISIEIS..........coveviviiievie e 77
4.12.3 Special DiagnostiC REJISIEIS.......ccccuieiiiie e stee e 77
I e o =T L= =T S 77
4.12.5 Externally Adjusted REQISIEIS.......cccuviireiiiiiiie et sreee s e e 78

e B T o [t =T (=3 (=T S 78
4.13.1 Modifying @ CONSLANT.......cccciiiieireeiiiiee e e e e e e e e eeaeeee s 79
4.13.2 Misuse Of the MOGIfIErS..........ooiiiiiie e 79
4.13.3 Using Multiple INdeX REQISIEIS .......c.uvvveeiiiiiiie e 80

4.14 Bits, Words, BCD and HeXadeCimal ...........coveiiiieiiiiei et ereeaee e e e 80
4.14.1 Bit Devices, Individual and Grouped............ccccoecvveeeeiiciieeee e 81
A.14.2 WOIA DEBVICES.....ceiiieeieiiee ettt ettt ettt e s sate e s snbee e snbeeeans 82
4.14.3 Interpreting WOord Data .......c.cooieeieiiiieeiee e 82
4.14.4 TWO'S COMPIMENT.....coiiiiiiiii e e 85

4.15 Floating Point And Scientific NOtation............ccccveiieriiiiee e 86
4.15.1 Scientific NOtAtION .....c.ccviieiiiiecie e seee e 87
4.15.2 Floating POiNt FOIMAL .........coiiuiiiiiiiieiieciee e 88
4.15.3 Summary Of The Scientific Notation and Floating Point Numbers.......... 89

RN o] o] 1T=To I 0 1= 4 U L] Ao o BRSPS 89

5.1 Program Flow-Functions 00 t0 09..........ccivieiiiier it ee e e 92
L R O I (O 00 ) PRSP R 93
5.1.2 CALL (FNC 01) .eiitiiiiieiee ettt nnee e 95
B5.1.3 SRET (FNC 02)... ittt sttt ettt see e e sneeeneee e 96
5.1.4 IRET, EI, DI (FNC 03, 04, 05)....eeitteiiieeie et 96
5.L5WDT (FNC O7) ittt ettt sneeeae e sneeeneee s 100
5.1.6 FOR, NEXT (FNC 08, 09).....cciitetieiieaneeiieestie e e seeesiee st seee e sneeeseeens 101



fec

intelligent solutions worldwide

5.2 Move And Compare - FUNctions 10 t0 19.......cccceiiiiiiiiiiieiiee e 104
5.2.1 CMP (FNC 10) ettt ettt ettt et et sba e enreesbeee e 105
B5.2.2 ZCP (FNC 11) ittt ettt ettt e enae e s neee e 105
5.2.3 MOV (FNC 12) ...ttt sttt et anae s e naeesnnaee e 106
5.2.4 SMOV (FNC 13)...iiiiiieiiiie it esiee et siee et s e sre e ss e s ssaeesnaeesnnaeeens 106
B5.2.5 CML (FNC 14) ..ottt 107
5.2.6 BMOV (FNC 15)....ctiiiiiiiieiiee ittt sttt st st s nne s 108
5.2.7 FIMOV (FNC 16).....uiiiuiiiiieeiiee ittt sttt sttt st s neee s 109
B5.2.8 XCH (FNC 17) .ttt ettt st 109
5.2.9 BCD (FNCL8).....uieitiieiieeiiie ettt ettt sttt sttt stee et e sneeesaeeennee s 110
5. 210 BIN (FNC 19) ..ttt st e e st e e snee e 111
5.3. 1 ADD (FNC 20) .. .titiiiieiiiiee et siee ettt et e e st e e s sabe e snbee e snreeesseeeans 114
5.3.2 SUB (FNC 21) ...ttt ittt stee e stee e e st e snteeesnaeeans 115
B5.3. 3 MUL (FNC 22) ...ttt ettt et e e sntee e snaeeen 115
B5.3UADIV (FNC 23) oottt ettt s e ssee e stee e stae e snte e snte e snteeeennaeeans 116
B35 INC (FNC 24) ..ottt sttt st st a et e e st e e snnaee e 117
B5.3.6 DEC (FNC 24)....ci ittt sttt st s sne e 118
5.3.7 WAND (FNC 26) ....veeeuteeiieeieiee st sieeeee sttt sttt seeessee st e sneeesneeannee s 118
B5.3.8WOR (FNC 27). .ttt ettt ettt sttt et sneeanee s 119
5.3.9 WXOR (FNC 28) ....uiiiuiieieeiieeitie ettt ettt see e ee et esneeenneeaneeeseeens 120
5.3.10 NEG (FNC 29) .ttt ettt sneeeneee s 120
541 ROR (FNC 30) ..eeiitieiiteiie ettt ettt sae et e et seee e e sneeeneee s 122
542 ROL (FNC 3L) ..ttt ettt sttt sneeeneee s 123
B5A.BRCR (FNC 32)...iiicieit ettt ettt neee s 124
5.4 A RCL (FNC 33) ciiieiiiie ettt stee e tee et smee et e e teesneeeneesneeeneeens 124
B5.4.5 SFTR (FNC 34) ..ottt ettt ettt ae e sneeeneee s 125
5.4.6 SFTL (FNC 35)...eiii ittt ettt ettt et e et eenee e sbaee e 126
547 WSFR (FNC 36)...cciiiieiiiieiiiee ettt ettt saae e naee e 126
5.ABWSFL (FNC 3B7) ettt ettt nee e naee e 127
5.4.9 SFWR (FNC 38)...cciiiieiiiiiiiiie ittt sttt ettt nee e naee e 128
5.4.10 SFRD (FNC 39) .tiieiiiie ittt sttt ss e nae s nnteesnneee e 129
5.5.1 ZRST (FNC 40) ...ciiiiiee ettt siee et siee e sse st e s e e snsae s snaeesnseee e 131
5.5.2DECO (FNC 4L) ..ottt st stee ettt e et ee s snnaeesnaeesnnaee e 132
5.5.3 ENCO (FNC 42)....cuiiiiiiiee ettt st s naee s 133
B5.5.4 SUM (FNC 43) ..ottt st neee s 134
5.5.5 BON (FNC 44)....oi ittt s 134
5.5.6 MEAN (FNC 45).....oiiiiiiiiiiee ettt st 135
B5.5.7 ANS (FNC 4B) ...ttt et st neee s 136
558 ANR (FNC A7) ettt ettt neee s 137
5.5.9 SQR (FNC 48)....ci ittt ettt ettt neee s 137
5.5.20 FLT (FNC 49) ..ottt sttt ae e sneeeneee s 138
5.6.1 REF (FNC 50) ....ciitiiiieie ettt sneeeneee s 141



fec

intelligent solutions worldwide

5.6.2 REFF (FNC 5L) ..oveveeeeeeeeeoseeeeesessseseseseseessseesseseeeeesessseesseeseseesssesesenees 141
5.6.3 MTR (FNC 52)......eeeeeeeeeseeeoeeeeeeseeesseeeseseseessseessesseesesessseessessseeeseesseeee 142
5.6.4 HSCS (FNC 53) ...voovereeeeeeeeeeeeseeeeseseseeseseessseessesssesesessseessesssesessseseeees 144
5.6.5 HSCR (FNC 54) ....ecoverreeeeeeeeeseseeeseseseseseessseeessssssesessessessseesesssesseesseeees 145
5.6.6 HSZ (FNC 55) .vevocveeeereeeeseeeeeeeseseesseseseseseessseessssessesesssssesssessesesasseeeseeees 146
5.6.7 SPD (FNC 56) ......vcoiveeeeeeeeeeeeeeeseeeeeeeeseeeeseeeeeeesseeseeee s e seesesee s 149
5.6.8 PLSY (FNC 57) ..ooveieeeeeeeeeeeeeeeeeeeeeeeees e sesee e eese e ee s seneee 150
5.6.9 PWM (FNC 58).......coveoeeeeeeeeseeeeseeseeeeseeseseeeeeeeeeeeseeee s eese s eeseess e 151
5.6.10 PLSR (FNC 59).......ooiveieeeeieeeeseeeeeeeseeseeeeeeeeeesee e eseessee s sesee s 152
B5.7.1 IST (FNC 60)....veeeveeeeeeeeeeeeeeeeeeeseeeeeeeseeseseeeeeeeese e es e seseese e sesee e 157
5.7.2 SER (FNC B1) .eoovoeeereeeeeeeeeseeeeseeesseseseseseessseessesssesesessseessessseses e eeseeees 159
5.7.3 ABSD (FNC B2).....ocoveoeeeeeeeeeeereseesseseseesesesesseessessseseseseseessesesesssssesenees 160
5.7.4 INCD (FNC B3).....voeverereerereeeeereseesseseseseseessseesssssssesesseesesssesesesassesseeees 161
5.7.5 TTMR (FNC B4) «..voevereeeeeeeeeeeseseeeseseseseseessseessssessesessesseeesseseseses s eeseeees 162
5.7.6 STMR (FNC B5) ...vooverreeeeeoeseeresseeesereseseseessseesssssssesesseeseessssessesesseeesesees 163
B.7.7 ALT (FNC B6) w.veoeveeeereeeeeeeeeeeeseseessseseseseseessseessssessesessseesesssseeseesseeesssees 163
5.7.8 RAMP (FNC 67)..eeoeeoeeeeeeeeeeeeeeeeeeeeeseeeeeee e eese e esee e eesee s 164
5.7.9 ROTC (FNC 68) ....ecoveoeeeeeeeeeeeeseeeeeeeeseeseseeseeeeesee e eseeesseesee s s seeeee 166
5.7.10 SORT (FNC B9) ....oveoieeeeeeeieeeeseeeeeseseeeeeeeseeeesseeseeeeeeeeeeseesee s ss e eeeeeee 168
5.8.1 TKY (FNC 70) w.eooeeeeeeeeeeeeeeeeeeeeseeeeeeeeseeeeseeee e eeseseees s eese s seseees s 171
5.8.2 HKY (FNC 71) ovooeeeeeeeeeeeeeeeeeeeee e eeeeees e e eeeeee e es e ee e eesee s eeseeee 172
5.8.3 DSW (FNC 72) c.ooreeeeeeeeeeeeeeeeeeee e s eeeeese e eeee e es s e eesee s 174
5.8.4 SEGD (FNC 73) .reoieeeeeeeeeeeeeeeeseeeeeeeeseeseseeseeeeesee e eseeesseess e eesee s eeseee 175
5.8.5 SEGL (FNC 74 eeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseseeseeeeeseeseeeeeseeesseees e sesee e eeseeee 176
5.8.6 ARWS (FNC 75)....ecovereeeeeeeeeeeeseeeeeeeseeseseeseeeeeseseeeeeseeesseees e seseees s 178
5.8.7 ASC (FNC 76) .vereeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseseeeeeeeeseseeeees s es e eeseess s 179
5.8.8 PR (FNC 77) werveoeeeeeeeeeeeeeeeeeeeeeeseseeeeeseeseseessseeeseseeeeeseeseseees e seseees e seseeees 180
5.8.9 FROM (FNC 78)....ecoveoeeeeeeeeeeeeeseeeeseeeseeseseessseessessseesseeseseesseessseeesessseeeees 181
5.8.10 TO (FNC 79) wvereveeeeeeeeeeeeeeeeeeseeesseeeseseseeseseesseseeeees e seess e eeseees e eeseeee 183
5.9.2 RUN (FNC 81)....omveeerreeeeeeeeeseseeeeeeeeseeseseessseessesseeseseeseseess e ssseess e eeseeees 187
5.9.3 ASCI (FNC 82) coooreeeeeeeeeeeeeeeeeeeseeseeseseeseseessseessessseseseseseess e esseees e eeseeees 188
5.9.4 HEX (FNC 83) ..eucvoeeereeeeeeeeeeeeseseesseseseseseessseesssssssesesseseseessessssesasseesseeees 189
5.9.5 CCD (FNC 84)...o.evoeeereeeeeeeeoeeeeseseesseseseseseessseessssessesassssseessesesesesseeeseeees 190
5.9.6 VRRD (FNC 85) .....coveriveeeeeeeeeeeseeeeeeeeseeseseeseeeeesee e eseeesseesseeesseess e 191
R I AY =5 DX (= N[ 1) F RO 192
5.9.8 PID (FNC 88) ....oooeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseeeeeeeese e eesee s sesee e 193
5.20.1 ECMP (FNC 110) ....eoeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseee e s sesee s 202
5.10.2 EZCP (FNC 111 ..o eeeeeseeeeesee e es s sese e 202
5.10.3 EBCD (FNC 118) ...ceooveeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeee e eeseess e eesee e 203
5.20.4 EBIN (FNC 119) ...ooeoeeeeeeeeeeeeeeeeeeseeeeeeeseeeeseseeeeeee s seeseseess e 204
5.10.6 EAUB (FNC 121 ...ccooeeeeoeeeeeeseseeeeeseeeeeeeeeeeesee e s eeeeseess e seseees e eeseeee 205
5.20.7 EMUL (FNC L122) ...cooeeeeeeeeeeeeee oo eseeeeeeeeeesee e eseeeeseesseseseess e 206



fec

intelligent solutions worldwide

5.10.8 EDIV (FNC 123).....ciuiieeiieeeieseeeeeeeeseseeeeseeses s eene s sesessenesenessenenes 206
5.10.9 ESQR (FNC 127) .....ouiieeeeeeeeereeeeseeseeeeeeeeses st sesneseseenenaenessnees 207
5.10.10 INT (FNC 129) w.oorueeieeeeeeeeieeeeeeeee e seseestesessesesns s senaenessseenaeneesanes 207
5.11.1 SIN (FNC 130)....uuiueeieeeeeeeeieeeeeeseseeseesee s eesseses s esssaseseesssnssseneensnnsesanes 210
5.11.2 COS (FNC 131)...cocureeecereeeeeeeeeeeeseeeeseesessessessssss s sensssessenesnssssnsenesnssseneas 211
B.IL.3 TAN (FNC 132) ...ttt bbb 212
5.12.1 SWAP (FNC LA7) ..ottt 214
5.13.1 Cautions when using Positioning INStructions ...........ccccccevevveviieeviinnns 217
5.13.2 PUISE train SEHINGS ...cocveeiieiee it se e see e see e st e s e e nnaee e 218
5.13.3 Devices related t0 POSItIONING .......cceeeiiieeiiieeciie e 219
5.13.4 Servo Wiring EXamMPIe ......c.coiiiiiiiiiieee e 220
5.13.5 EXaMPIe PrOgram ........cccoiouiiiiiiiieiiieiee ettt 220
5.13.6 ABS (FNC 155) .....oueeeececeeeeeieeseeeseceeseesesseseesseses s esssanessesasssssnessesssnsanes 224
5.13.7 ZRN (FNC 156)......uvueeeeeeeeereeesseeseeeesiesessesesssesessesesssssenssssssssssssnenssnsanes 225
5.13.8 PLSV(FNCL57) ....oouveveceeeeeeeieeeseeeseseeseesessesesssesesssesssasenssnssssssnesnanssnsanes 227
5.13.9 DRVI (FNC 158).....couvceeeeeeeieeeeeeeseeseesessesiessesessesesssssensesssssssnesnenssssanes 228
5.13.10 DRVA(FNC 159) ....uiiiiiiiiiieitie ettt neee s 230
5.14.1 TCMP (FNC L80) ...cueieieeiieeiiieeieesieeesiee st stee et eatee s sneeenaeesneeeseeens 234
5142 TZCP (FNC 1681) ..eiiiiiiiiiie ettt s seee s 235
5.14.3 TADD (FNC 1682)....c.uetiiieiieesiieeieesiieesiee e stee et e seee et e e e snneenneesneeeseeens 235
5,144 TSUB (FNC 163)....cuetiieeiieeitieeieesiieesieesaeestee e e sneeaseeeseeesneeesneesneeeseeens 237
5145 TRD (FNC L166) .....cciiiaeeiieeieieeieentieesieeseeestee e e seeeeneee e e sneeesneesneeeseeens 238
5.14.6 TWR (FNC 1687) ..uuiiiieiiie ettt see e e 239
5.14.7 HOUN (FNC 1689) ...eoiiiiiiieiiee sttt ettt snaeenaeesneeeseee s 239
5.15.1 GRY (FNC L70). uteiiteeeeeieeeiee ettt siee e steeeteesaeeateesnteesneeenaeesneeeseeens 242
5.15.2 GBIN (FNC 171 .ottt see e e 243
5.15.3 RDBA (FNC 176)......covieeeeeeeereeeieeeiseseeeeseseesessenessenesesnesessenesseneneenesssnenes 243
B.ASAWRSA (FNC L77) ittt e e et e e nanaee s 244
5.16.1 EXTR (FNC 180)......cuvieeeeeeiireeeireeisseeeseeseseesessenessesesssnesessesessenessenessenees 246
5.17.1 LD COMPAIE....cciiiiiieiiieieete ettt a e e e e e e s e e 272
5.17.2 AND compare (FNC 232 10 238) ......ceveeruiiriieiiienie e 273
5.17.3 OR compare (FNC 240 0 246) .......ceeveerueeriieeiienie et 274

6. DIAgNOSTIC DEVICES ... eeiiiiitieitie ettt ettt sttt et sib et et esne e bee s 275
8.1 DEVICE LSS ..ttt ettt sttt e b e s 276
6.2 PLC Status (M8000 to M8009 and D8000 to DB009) ........cceeevvveerrereriireriieenns 289
6.3 Clock Devices (M8010 to M8019 and D8010 to D8019) ........ccccvevvvveriiveeriinnenne 292
6.4 Operation Flags (M8020 to M8029 and D8020 to D8029) .........cccccvvevivvveriinnenne 292
6.5 PLC Operation Mode (M8030 to M8039 and D8030 to D8039) ..........cccccevvveene 295
6.6 Step Ladder (STL) Flags (M8040 to M8049 and D8040 to D8049)................ 296
6.7 Interrupt Control Flags (M8050 to M8059 and D8050 to D8059)..........ccccc.n..ee. 297
6.8 Error Detection Devices (M8060 to M8069 and D8060 to D6069).................... 298

6.9 Link and Special Operation Devices (M8070 to M8099 and D8070 to D8099) 299

6



fec

intelligent solutions worldwide

6.10 MISCEllaNE@OUS DEVICES......ccoiieieiiiie ittt ettt abe e e snaee e 300
6.11 CoOMMUNICALION AQAPLEN ....eiiiiiie ittt 300
6.12 High Speed Zone Compare Table Comparison Flags........cccccoceviveiiineiiinennne 301
6.13 Miscellaneous Devices (M8160 t0 M8199) ........cccviieriiirniiiiie e 303
6.14 Miscellaneous devices (D8158 to D8164) and Index Registers (D8182 to D8199)
................................................................................................................................... 304
6.15 N:N Network Related Flags and Data RegiSters..........cccovvvervieeiiieeviieeeninens 305
6.16 Up/Down Counter Control (M8200 to M8234 and D8219 to D8234) .............. 306
6.17 High Speed Counter Control (M8235 to M8255 and D8235 to D8255) .......... 306
6.18 Error Code TabIes .........oo i e 306
7. Execution Times And Instructional Hierarchy ........cccccooviiiiiiiniin e 312
7.1 BASIC INSLIUCTIONS ....eeiiiiiiiiie ettt sttt e s b e e sbaeeennee e 312
7.2 Hierarchical Relationships Of Basic Program INStructions .............ccecevveerinenne 322
7.3 BaLCh PrOCESSING ...ccuveiiiiieiiiiiiie ittt 323
7.4 Summary of Device Memory AlIOCALIONS .........cocveeiiiiieiiiee e 324
7.5 Limits Of INStrUCtioN USAQE ......cciuviiiiiiiieiiii ettt 325
7.5.1 Instructions Which Can Only Be Used Once In The Main Program Area
............................................................................................................................ 325
7.5.2 Instructions Which Are Not Suitable...........ccoooviiiiiiiii e 326

8. PLC DEVICE TADIES ...ttt sn e 326
8.1 Performance Specification Of The  ......covi i 326
8.2 Performance Specification Of The HCAZ .........ooooviciie e 328
8.3 Performance Specification Of The  PLC'S.....cccccoviiiiiiiie e 330
9. ASSIgNING SYSTEM DEVICES ..ciiiiiiiiie ettt e e e e e e e e s e nraeeaeans 332
9.1 Addressing EXteNSion MOUUIES.........cocuiiree i 332
9.2 Real Time CloCK FUNCHON ......c.veiiiiiii it 332
9.2.1 Setting the real time ClOCK .........ccooiiiiiii e 333

9.3 Analog EXPansion BOArds..........cooiieiiii it 334
9.3 L HCAZ-LDA-BD ...ttt ettt ettt snee e sneeeneee s 334
9.3.2 TXIN-2ADBD.......cutiiii ettt te e e et e et snaeeteesneeeneeens 341

10. POINtS Of TECNNIQUE ....eeiitiiiii ettt bbb 347
10.1 Advanced Programming POINS ........c.cooeiiiiiiiiiiieiee e 347
10.2 Users of DC Powered  UNItS ......cooiiieeiiiee et 347
10.3 Using The Forced RUN/STOP FIagS......c..cciiueeiiiieiiiee e siee e ssiee e sniee s 348
10.3.1 ARUN/STOP push button configuration ..........cccccccveveeveviieeiiieeesiee e 348
10.3.2 Remote RUN/STORP CONLIOL........cooeiiiiiiieiiieniie e 349
10.4 CoNStant SCAN MOUE. ... .coiiieiiiiiee ettt et sb e 349
10.5 Alternating ON/OFF SEateS ......ccuveiiieeiiieee e et e e e e 350
10.6 Using Battery Backed DEVICES ..........ceeiiiciieeeiiiiieeeeerieee s ssiee e e sneen e e nnneees 351
10.7 Indexing Through Multiple Display Data Values............cccccooecieeeeiiiiieeeescivennn, 351
10.8 Reading And Manipulating Thumbwheel Data...........cccccceevvcee v, 352
10.9 Measuring a High Speed Pulse INpUL..........cccoiiieii e 352

7



fec

intelligent solutions worldwide

10.9.1 A1 msec timer pulSe MEeaSUreMEeNt.........ccccoveiiiieeerieee e 352
10.9.2 A0.1 msec timer pulsSe MeasUremMeNt........c.occceverererieeeriiee e 353
10.10 Using The Execution Complete Flag, M8029..........ccccveiiiiiiineiiiieiieeeee 354
10.11 Creating a User Defined MTR INSIIUCLION..........coovveriiiiiieiiie e 354
10.12 AN EXAMPIE SYSTEM ...ttt ettt 355
10.13 Using The PWM Instruction For Motor Control ...........ccceevcvvevcireviies e 361
10.14 ComMMUNICALION FOIMAL.......cciiiiieiiiee ettt 364
10.14.1 Specification of the communication parameters: ..........ccceevvcveerveeenee. 364
10.14.2 Header and Terminator Characters...........cccocvereeiveenieeenee e 365
10.14.3 Timing diagrams for communications: .........ccccoveerevieeevieeessee e 366
10.14.4 8 bit or 16 bit COMMUNICALIONS. ....ccovveeiiieeiiee e 370
10.15 PID Programming TECANIQUES .........ceiitiiiiieiiiiiee ettt 370
10.15.1 Keeping MV within @ SEt range .........ccoceeieeriiiien i 370
10.15.2 Manual/Automatic Change OVET............ceeuieriiiiee e 371
10.15.3 Using the PID alarm SignalS..........ccccoviiiiiiniiinic e 371
10.15.4 Other tips for PID programming ........ccoceeceereeineeseeeneeeniee s eseee e 372
10.16 Additional PID fUNCHONS .......ccuiiiiiiiiiiee et e 372
10.17 Pre-tuning OPEIatiON.......ccccueeiiiieeiitieessieeesteeesnieeessee e s ssae e s ssee e e sseessnnneesnneeeenes 373
10.17.1 Variable CONSANTS.......ccuiiieiiieee et 373
10.18 Example AutotUNING Program ..........coeeiicieeeeeirieee e esiee e s ssieee e s sneee e e s e nneeees 374
10.19.1 Outling Of fUNCHIONS. ....coitiiiiiiie e 375
10.19.2 Control devices fOr S5DM ........cciiiiiiiiiee e 376
10.19.3 Display screen protect fuNCLON ........cccvvvveei i 377
10.19.4 Specified deVviCe MONITON..........ccvuiee i 377
10.19.5 Specified device €dil........ccuveeiiiiiiie e 378
10.19.6 Automatic Backlight OF F..........cceeviiiiiiiie e 379
10.19.7 Error display enable / disable...........cccoieiiiiiiii e 380



fec

intelligent solutions worldwide

Foreword

* This manual contains text, diagrams and explanations which will guide the reader in the
correct programming and operation of the PLC.

* Before attempting to install or use the PLC this manual should be read and understood.
* If in doubt at any stage of the installation of the PLC always consult a professional
electrical engineer who is qualified and trained to the local and national standards which
apply to the installation site.

* If in doubt about the operation or use of the PLC please consult the nearest
BRASILTEC distributor.

* This manual is subject to change without notice.

Guidelines for the Safety of the User and Protection of the Programmable
Controller (PLC)

This manual provides information for the use of the HC family of PLC’s. The manual has
been written to be used by trained and competent personnel. The definition of such a
person or persons is as follows;

a) Any engineer who is responsible for the planning, design and construction of automatic
equipment using the product associated with this manual should be of a competent nature,
trained and qualified to the local and national standards required to fulfill that role. These
engineers should be fully aware of all aspects of safety with regards to automated
equipment.

b) Any commissioning or service engineer must be of a competent nature, trained and
qualified to the local and national standards required to fulfill that job. These engineers
should also be trained in the use and maintenance of the completed product. This
includes being completely familiar with all associated documentation for the said product.
All maintenance should be carried out in accordance with established safety practices.

c) All operators of the completed equipment (see Note) should be trained to use this
product in a safe manner in compliance to established safety practices. The operators
should also be familiar with documentation which is associated with the operation of the
completed equipment.
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Note : the term ‘completed equipment’ refers to a third party constructed device which
contains or uses the product associated with this manual.

Notes on the Symbols Used in this Manual

At various times throughout this manual certain symbols will be used to highlight points of
information which are intended to ensure the users personal safety and protect the
integrity of equipment. Whenever any of the following symbols are encountered its
associated note must be read and understood. Each of the symbols used will now be
listed with a brief description of its meaning.

Hardware Warnings

1) Indicates that the identified danger WILL cause physical and property
damage.

2) Indicates that the identified danger could POSSIBLY cause physical and

property damage.

3) Indicates a point of further interest or further explanation.

Software Warnings
4) Indicates special care must be taken when using this element of software.

@ 5) Indicates a special point which the user of the associate software element
should be aware of.
6) Indicates a point of interest or further explanation
* Under no circumstances will BRASILTEC be liable responsible for any
consequential damage that may arise as a result of the installation or use of this
equipment.
* All examples and diagrams shown in this manual are intended only as an aid to
understanding the text, not to guarantee operation. BRASILTEC will accept no
responsibility for actual use of the product based on these illustrative examples.
* Please contact a BRASILTEC distributor for more information concerning applications in
life critical situations or high reliability.

10
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1. Introduction

1.1 Overview

1) Scope of this manual

This manual gives details on all aspects of operation and programming for ,HCAZ2,
programmable controllers (PLCs). For all information relating to the PLC hardware and
installation, refer to the appropriate manual supplied with the unit.

2) How to use this manual

This manual covers all the functions of the highest specification Programmable (Logic)
Controller (PLC). For this reason, the following indicator is included in relevant section
titles to show which PLCs that section applies to;

Shaded boxes indicate the applicable PLC type

-“HCA2”-All HCA2PLCs

If an indicator box is half shaded, as shown to the left, this means that not all the functions
described in the current section apply to that PLC. The text explains in further detail or
makes an independent reference.

If there are no indicator boxes then assume the section applies to all PLC types unless
otherwise stated.

3) HC family

This is a generic term which is often used to describe all Programmable Controllers
without identifying individual types or model names.

4) CPU version numbers and programming support

As BRASILTEC upgrades each model different versions have different capabilities.

- Please refer to section 1.4 for details about peripheral support for each model.

1.2 What is a Programmable Controller?

A Programmable Logic Controller (PLC or programmable controller) is a device that a user
can program to perform a series or sequence of events. These events are triggered by
stimuli (usually called inputs) received at the PLC or through delayed actions such as time

11
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delays or counted occurrences. Once an event triggers, it actuates in the outside world by

switching ON or OFF electronic control gear or the physical actuation of devices. A

programmable controller will continually ‘loop’ through its internal ‘user defined’ program

waiting for inputs and giving outputs at the programmed specific times.

Note on terminology:

The term programmable controller is a generic word used to bring all the elements making

the control system under one descriptive name. Sometimes engineers use the term
‘Programmable Logic Controller’, ‘PLC’ or ‘programmable controller’ to describe the

same control system.

The construction of a programmable controller can be broken down into component parts.
The element where the program is loaded, stored and processed is often known as the
Main Processing Unit or MPU. Other terms commonly heard to describe this device are
‘base unit, ‘controller’ and ‘CPU’. The term CPU is a little misleading as todays more
advanced products may contain local CPU devices. A Main CPU (or more correctly a Main
Processing Unit) controls these local CPUs through a communication network or bus.

1.3 What do You Need to Program a PLC?

Avariety of tools are available to program the BRASILTEC HC family of PLCs. Each of
these tools can use and access the instructions and devices listed in this manual for the
identified PLC.

1.4 Special considerations for programming equipment

1.4.1 Current Generation CPU all versions

@ The introduction of the current CPU provides the HC user with many new devices
and instructions. To use the full features of the current range of HC units the user

must upgrade older software and hardware programming tools.

However, because of the downward compatibility of the current range, it is not necessary

to upgrade existing programming tools up to the equivalent functionality of last generation

CPU ver 3.30 units.

2. Basic Program Instructions

2.1 What is a Program?

A program is a connected series of instructions written in a language that the PLC can

12
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understand. There are three forms of program format; instruction, ladder and SFC/STL.
Not all programming tools can work in all programming forms. Generally hand held
programming panels only work with instruction format while most graphic programming
tools will work with both instruction and ladder format. Specialist programming software
will also allow SFC style programming.

LD X10 H

ouT Y7

AND M38

SET S5

LD X21

OouT  To1 H
K40

Instruction format Ladder Format SFC Format

2.2 Outline of Basic Devices Used in Programming

There are six basic programming devices. Each device has its own unique use. To enable
quick and easy identification each device is assigned a single reference letter;

- X: This is used to identify all direct, physical inputs to the PLC.

- Y: This is used to identify all direct, physical outputs from the PLC.

- T: This is used to identify a timing device which is contained within the PLC.

- C: This is used to identify a counting device which is contained within the PLC.

- M and S: These are used as internal operation flags within the PLC.

All of the devices mentioned above are known as ‘bit devices’. This is a descriptive title
telling the user that these devices only have two states; ON or OFF, 1 or O.

Detailed device information:
* Chapter 4 contains this information in detail. However, the above is all that is

required for the rest of this chapter.

2.3 How to Read Ladder Logic

Ladder logic is very closely associated to basic relay logic. There are both contacts and
coils that can be loaded and driven in different configurations. However, the basic principle
remains the same.

A caoil drives direct outputs of the PLC (ex. a Y device) or drives internal timers, counters
or flags (ex. T, C, M and S devices). Each coil has associated contacts. These contacts
are available in both “normally open” (NO) and “normally closed” (NC) configurations.
The term “normal(ly)” refers to the status of the contacts when the coil is not energized.
Using a relay analogy, when the coil is OFF, a NO contact would have no current flow, that
is, a load being supplied through a NO contact would not operate. However, a NC contact
would allow current to flow, hence the connected load would be active.

Activating the coil reverses the contact status, that is, the current would flow in a NO
13
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contact and a NC contact would inhibit the flow.

Physical inputs to the PLC (X devices) have no programmable coil. These devices may
only be used in a contact format (NO and NC types are available).

Example:

Because of the close relay association, ladder logic programs can be read as current
flowing from the left vertical line to the right vertical line. This current must pass through a
series of contact representations such as X0 and X1 in order to switch the output coil YO
ON. Therefore, in the example shown, switching X0 ON causes the output YO to also
switch ON. If however, the limit switch X1 is activates, the output YO turns OFF. This is
because the connection between the left and the right vertical lines breaks so there is no
current flow.

Motor
Toggle switch Programmable Controller %
Y0
; X0 o
I | PC Program U
N u |
P X0 X1 p
u ¢ .
X1 T H @ l.IJ. COoM _ P;)Au\?er
- —_ (Y0) Supply
Limit switch
‘ DC Power Supply ‘
2.4 Load, Load Inverse
Mnemonic Function Format Devices Program steps
LD Initial logical X,Y,M,S, T,C 1
(LoaD) operation contact —“—
type NO (normally
open)
LDl Initial logical X,Y,M,S, T,C 1
(Load Inverse) operation contact / |
type NC (normally
closed)

Program example

14
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AN

X0 B 0 b X 0
| Yo — 1 OUT Y 0
J= 2 L X 1
X1 3 OuUT M 100
¥ M100— 4 OUT T 0
' SP K 19
7 LD T 0
P00 0 — 8 OUT Y 1
To KIS K19 When using hand held
| v1 programmers, the space key
f ] needs to be pressed to enable

the constant to be entered.

Basic points to remember:
- Connect the LD and LDI instructions directly to the left hand bus bar.
- Or use LD and LDl instructions to define a new block of program when using the ORB
and ANB instructions (see later sections).

The OUT instruction:
* For details of the OUT instruction (including basic timer and counter variations)
please see over the following page.

2.5 Out
Mnemonic Function Format Devices Program steps
OuUT (OUT) Final logical Y,MS,TC Y, M:1
operation type coil 40—{ S, special M
drive coils: 2
T3
C (16 bit): 3
C (32 hit): 5

Basic points to remember:

- Connect the OUT instruction directly to the right hand bus bar.

- It is not possible to use the OUT instruction to drive ‘X’ type input devices.

- Itis possible to connect multiple OUT instructions in parallel (for example see the
previous page; M100/T0O configuration)

2.5.1 Timer and Counter Variations

When configuring the OUT instruction for use as either a timer (T) or counter (C) a
constant must also be entered. The constant is identified by the letter “K” (for example see
previous page; TO K19).

In the case of a timer, the constant “K” holds the duration data for the timer to operate, i.e.
if 2100 msec timer has a constant of “K100” it will be (1005 100 msec) 10 seconds before

the timer coil activates.
15
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With counters, the constant identifies how many times the counter must be pulsed or
triggered before the counter coil activates. For example, a counter with a constant of “8”
must be triggered 8 times before the counter cail finally energizes. The following table

identifies some basic parameter data for various timers and counters.

Timer/Counter

Setting constant K

Actual setting

Program steps

ImsecTimer 1to 32,767 0.001 to 32.767 sec
10 msec Timer 0.01 to 327.67 sec
100 msec Timer 0.1 to 3276.7 sec
16 bit Counter 1to 32,767 1to 32,767

32 bit Counter

-2,147,483,648 to
2,147,483,647

-2,147,483,648 to
2,147,483,647

2.5.2 Double Coil Designation

Double or dual coiling is not a recommended practice.
Using multiple output coils of the same device can
cause the program operation to become unreliable.
The example program shown opposite identifies a
double coil situation; there are two Y3 outputs. The
following sequence of events will occur when inputs
X1 =ON and X2 = OFF,;

X1
|

Y3

S
| 2@@
o

1.The first Y3 tuns ON because X1 is ON. The contacts associated with Y3 also energize

when the coil of output Y3 energizes. Hence, output Y4 turns ON.

2.The last and most important line in this program looks at the status of input X2.

If this is NOT ON then the second Y3 coil does NOT activate. Therefore the status of the

Y3 coil updates to reflect this new situation, i.e. it turns OFF. The final outputs are then Y3

= OFF and Y4 = ON.

Use of dual coils:

* Always check programs for incidents of dual coiling. If there are dual coils the
program will not operate as expected - possibly resulting in physical damage.
The last coil effect:

* In a dual coil designation, the coil operation designated last is the effective
coil. That is, it is the status of the previous coil that dictates the behavior at the

current point in the program.

Input durations:
The ON or OFF duration of the PLC inputs must
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be longer than the operation cycle time of the PLC.

Taking a 10 msec (standard input filter) response delay into account, the ON/OFF duration
must be longer than 20 msec if the operation cycle (scan time) is 10 msec.

Therefore, in this example, input pulses of more than 25Hz (1sec/(20msec ON + 20msec
OFF)) cannot be sensed.

There are applied instructions provided to handle such high speed input requests.

@: Input ON state NOT recognized

@) Input ON state recognized

@: Input OFF state NOT recognized

@: 1 program processing

®: Input processing

©®: Output processing

@: Afull program scan/operation cycle

2.6 And, And Inverse

Mnemonic Function Format Devices Program steps

AND Serial connection X, Y,M,S, T,C 1
(AND) of NO (normally

open) contacts

ANI Serial connection X, Y,M,S, T,C 1
(AND Inverse) of NC (normally / |

closed) contacts

Program example:

AND
X2 X0 0 LD X 2
— | it v3 = 1 AND X 0
Qe 2 OUT Y 3

Y3 X3 3 b Y 3
B 4 AN X 3

B D) 5 OUT M101
B 6 AND T 1

AN‘; T <D 7 OUT Y 4

ANDﬁ

Basic points to remember:

- Use the AND and ANI instructions for serial connection of contacts. As many contacts as
required can be connected in series (see following point headed “Peripheral limitations”).
- The output processing to a coil, through a contact, after writing the initial OUT instruction
is called a “follow-on” output (for an example see the program above; OUT Y4). Follow on
outputs are permitted repeatedly as long as the output order is correct.

Peripheral limitations:
* The PLC has no limit to the number of contacts connected in series or in

17
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parallel.

However, some programming panels, screens and printers will not be able to display or
print the program if it exceeds the limit of the hardware. It is preferable for each line or
rung of ladder program to contain up to a maximum of 10 contacts and 1 coil. Also, keep
the number of follow-on outputs to a maximum of 24.

2.7 Or, Inverse

Mnemonic Function Format Devices Program steps

OR Parallel X, Y,M,S, T,C 1
(OR) connection of NO

(normally open)

contacts

ORI Parallel X,Y,M,S, T,C 1
(OR Inverse) connection of NC

(normally closed)

contacts

Program example:

X4 0 LD X 4
1 Cvs ) F= 1! OR X &6
X6 K= 2 ORL M 102
—F—— <=4 Oor 3 OUT Y 5
M102 4 LDI Y 5
4 =1 5 AND X 7
“ OR J= 6 OR M 103
Y5 X7 X10 TN X 10
. F= 8 OR M 110
—H— '@ 9 OUT M 103
M103
M110
_1}7

Basic points to remember:

- Use the OR and ORI instructions for parallel connection of contacts. To connect a block
that contains more than one contact connected in series to another circuit block in parallel,
use an ORB instruction.

- Connect one side of the OR/ORI instruction to the left hand bus bar.

Peripheral limitations:

* The PLC has no limit to the number of contacts connected in series or in

parallel.
However, some programming panels, screens and printers will not be able to display or
print the program if it exceeds the limit of the hardware. It is preferable for each line or
rung of ladder program to contain up to a maximum of 10 contacts and 1 coil. Also keep

18
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number of follow-on outputs to a maximum of 24.

2.8 Load Pulse, Load Trailing Pulse

Mnemonic Function Format Devices Program steps
LDP Initial logical X, Y, M,S, T,C 2
(LoaD Pulse) operation —Rising Hni
edge pulse
LDF Initial logical X,Y,M,S, T,C 2
(LoaD Falling operation Falling/ l
pulse) trailing edge
pulse

Program example:

LDP

@2

- M100 J=°0 WP X 0
‘ @10 — 2 OR X 1
3 OUT M 100
1 =4 WOF X 0
LDF 6 OUT Y 0

| p# N

Basic points to remember:

- Connect the LDP and LDF instructions directly to the left hand bus bar.

- Or use LDP and LDF instructions to define a new block of program when using the ORB
and ANB instructions (see later sections).

- LDP is active for one program scan after the associated device switches from OFF to
ON.

- LDF is active for one program scan after the associated device switches from ON to
OFF.

Single Operation flags M2800 to M3071.:
* The pulse operation instructions, when used with auxiliary relays M2800 to

M3071, only activate the first instruction encountered in the program scan, after
the point in the program where the device changes. Any other pulse operation
instructions will remain inactive.

* This is useful for use in STL programs (see chapter 3) to perform single step operation
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using a single device.
* Any other instructions (LD, AND, OR, etc.) will operate as expected

2.9 And Pulse, And Trailing Pulse

Mnemonic Function Format Devices Program steps
ANP Serial connection n X, Y,M,S, T,C 2
(ANd Pulse) of Rising edge |7

pulse
ANF Serial connection X,Y,M,S, T,C 2
(ANd Falling of Falling /trailing ‘mi
pulse) edge pulse
Program example
@ANP
40 0
B i = 0 L M
ﬁ' 2 ANP T 10
i Loy
4}‘“”': BS"6 ANF C O
8§ OUT Y 4

Basic points to remember:
- Use the ANDP and ANDF instructions for the serial connection of pulse contacts.

- Usage is the same as for AND and ANI; see earlier.

- ANP is active for one program scan after the associated device switches from OFF to

ON.

- ANF is active for one program scan after the associated device switches from ON to

OFF.

Single operation flags M2800 to M3071:

20
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fec

intelligent solutions worldwide

2.10 Or Pulse, Or Trailing Pulse

Mnemonic Function Format Devices Program steps
ORP Parallel X,Y,M,S, T,C 2
(OR Pulse) connection of |

Rising edge pulse
ORF Parallel X, ,M,S, T,C 2
(OR Falling pulse) | connection of ]
Falling / trailing
edge pulse
Program example:
Jﬁo E“ETMSOh—
' 0 LD M 40
1 J=1 ORP X 1
—fﬂi 3 SET M 50
%? 4 LD X 0
ORP 5 AND M 24
P 'Y'?“ 6 LD Y 7
—i Y4 J=7 ORF X 1
! . O— 9 ORB
10 OUT Y 4

Basic points to remember:
- Use the ORP and ORF instructions for the parallel connection of pulse contacts.

- Usage is the same as for OR and ORI; see earlier.

- ORP is active for one program scan after the associated device switches from OFF to

ON.

- ORF is active for one program scan after the associated device switches from ON to

OFF.

Single operation flags M2800 to M3071:
* When used with flags M2800 to M3071 only the first instruction will activate.

2.11 Or Block

Mnemonic

Function

Format

Devices

Program steps

21
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ORB Parallel Bl [l N/A 1
. ] [l
(OR Block) connection L{
of multiple contact |
circuits
Program example:
Recommended sequential Non-preferred batch
programming method programming method
X x1 0 LD X0 0 LD X0
i (Yo D— 1 AND X 1 1 AND X 1
3 2 D X 2 2 LD X 2
3 AND X 3 3 AND X 3
— ¥}0RB J= ¢ ORB 4 LD X 4
5 LDI X 4 5 AND X 5
X4 X5 % 6 AND X 5 6 ORB
ORB J= 7 ORB 7 ORB
8 OUT Y 6 8 OUT Y 8

Basic points to remember:

- An ORB instruction is an independent instruction and is not associated with any device
number.

- Use the ORB instruction to connect multi-contact circuits (usually serial circuit blocks) to
the preceding circuit in parallel. Serial circuit blocks are those in which more than one
contact connects in series or the ANB instruction is used.

- To declare the starting point of the circuit block use a LD or LDl instruction. After
completing the serial circuit block, connect it to the preceding block in parallel using the
ORB instruction.

Batch processing limitations:

* When using ORB instructions in a batch, use no more than 8 LD and LDI

instructions in the definition of the program blocks (to be connected in parallel).
Ignoring this will result in a program error (see the right most program listing).

Sequential processing limitations:
@ * There are no limitations to the number of parallel circuits when using an ORB

instruction in the sequential processing configuration (see the left most program
listing)

2.12 And Block

Mnemonic Function Format Devices Program steps

ANB Serial connection N | I | N/A 1

I I
(ANd Block) of multiple L{
parallel circuits
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Program example:

Recommended sequential
AN% ‘é‘LD programming method

X0 X2 X3 0 LD X 0
Qo 1 OR X 1
X1 X4 X5 2 LD X 2
— — % 3 AND X 3
X6 ORB 4 LDI X 4
- 5 AND X 5

6 ORB
7 OR X 6

X3 = 8 ANB
— | 9 OR X 3
10 OUT Y 7

Basic points to remember:

- An ANB instruction is an independent instruction and is not associated with any device
number

- Use the ANB instruction to connect multi-contact circuits (usually parallel circuit blocks)
to the preceding circuit in series. Parallel circuit blocks are those in which more than one
contact connects in parallel or the ORB instruction is used.

- To declare the starting point of the circuit block, use a LD or LDI instruction. After
completing the parallel circuit block, connect it to the preceding block in series using the
ANB instruction.

Batch processing limitations:

* When using ANB instructions in a batch, use no more than 8 LD and LDI
instructions in the definition of the program blocks (to be connected in parallel).
Ignoring this will result in a program error (see ORB explanation for example).
Sequential processing limitations:

* ltis possible to use as many ANB instructions as necessary to connect a
number of parallel circuit blocks to the preceding block in series (see the
program listing)

® ©
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2.13 MPS, MRD and MPP

Mnemonic

Function

Devices

Program steps

MPS(Point Store)

Stores the
current result of
the internal PLC
operations

N/A

1

MRD(Read)

Reads the
current result of
the internal PLC

operations

N/A

MPP(PoP)

Pops (recalls and
removes) the
currently stored

result

N/A

Basic points to remember:
- Use these instructions to connect output coils to the left hand side of a contact.
Without these instructions connections can only be made to the right hand side of the last

contact.

- MPS stores the connection point of the ladder circuit so that further coil branches can
recall the value later.
- MRD recalls or reads the previously stored connection point data and forces the next
contact to connect to it.
- MPP pops (recalls and removes) the stored connection point. First, it connects the next
contact, then it removes the point from the temporary storage area.
- For every MPS instruction there MUST be a corresponding MPP instruction.
- The last contact or coil circuit must connect to an MPP instruction.
- At any programming step, the number of active MPS-MPP pairs must be no greater than

11.

MPS, MRD and MPP usage:

* When writing a program in ladder format, programming tools automatically
add all MPS, MRD and MPP instructions at the program conversion stage. If

the generated instruction program is viewed, the MPS, MRD and MPP
instructions are present.
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* When writing a program in instruction format, it is entirely down to the user to enter all
relevant MPS, MRD and MPP instructions as required.

Multiple program examples:

X0 X1
— (Yo O— 0 LD X O 12 ANB
é X2 1 MPS 13 OUT Y 1
MPs [ 2 LD X 1 14  MPP
X3 X4 3 OR X 15 AND X 7
- | Il ®_ 4 ANB 16 OUT Y 2
é X5 X}d 5 OUT Y 0 17 LD X 10
6 MRD 18 OR X 11
MRD 7 LD X 3 19 ANB
X7 8 AND X 4 20 OUT Y 3
é | Y2 )— 9 LD X 5
X10 10 AND X 6
MPP 11 ORB
X11
]
@ 0 LD X 0 9 MPP
Mpsé 1 MPS 10 AND X 4
MPRe, 2 AND X 1 11 MPS
MPS 3 MPS 12 AND X 5
4 AND X 2 13 OUT Y 2
5 OUT Y O 14 MPP
6 MPP 15 AND X 6
MPP MPS 7 AND X 3 16 OUT Y 3
‘? 8 OUT Y 1
MPP
X0 X1 X2 X3 X4 |
L] 0 LD X0 9 OUT Y 0
1 MPS 10 MPP
2 AND X 1 11 OUT Y 1
MPS 3 MPS 12 MPP
4 AND X 2 13 OUT Y 2
5 MPS 14 MPP
6 AND X 3 15 OUT Y 3
@ 7 MPS 16  MPP
8 AND X 4 17 OUT Y 4
é ®_
MPP
2.14 Master Control and Reset
Mnemonic Function Format Devices Program steps
MC Denotes the start Y,M(nospec | 3
(Master Control) | of a master — . ial
control M coils allowed)
block N denotes the

nest level (NO to
N7)
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MCR Denotes the end N denotes the 2

(Master Control | of m nest level (NO to

Reset) a master control N7) to be reset
block

Program example:

X0
— M100
-+ 0 LD X 0
NO | == M100 = ' MC N o0
SP M100
X1 Q 4 LD X 1
1} YO0 5 OUT Y o0
X2 6 LD X 2
- @ 7 OUT Y 1
BF= 8 MCR N 0
Note: SP - space key
MCR] NO | N - nest level of MC (NO to N7)

Basic points to remember:

- After the execution of an MC instruction, the bus line (LD, LDI point) shifts to a point after
the MC instruction. An MCR instruction returns this to the original bus line.

- The MC instruction also includes a nest level pointer N. Nest levels are from the range
NO to N7 (8 points). The top nest level is ‘0’ and the deepest is ‘7'.

- The MCR instruction resets each nest level. When a nest level is reset, it also resets ALL
deeper nest levels. For example, MCR N5 resets nest levels 5 to 7.

- When input X0=ON, all instructions between the MC and the MCR instruction execute.

- When input X0=OFF, none of the instruction between the MC and MCR instruction
execute; this resets all devices except for retentive timers, counters and devices driven by
SET/RST instructions.

- The MC instruction can be used as many times as necessary, by changing the device
number Y and M. Using the same device number twice is processed as a double coil
(see section 2.5.2). Nest levels can be duplicated but when the nest level resets, ALL
occurrences of that level reset and not just the one specified in the local MC.
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X0 Nested MC program example:
A

NO == M100

i o=

Level NO: Bus line (B) active when X0 is ON

Level N1: Bus line (C) active when both X0 and

X2
— %2 are ON

N1 == M101

oy G

X4
—
Level N2: Bus line (D) active when X0,X2 and
N2 = ")"{]502 X4 are ON.
] Q2
D (
Leve.l N1: MCRN2 executes and restores
X6 bus line (C). If the MCR had reset NO then
— } @- the original bus bar (A) would now be active
c S as all master controls below nest level 0
™ would reset.
X7 .
L @ Level NO: MCRN1 executes and restores
B S bus line (B)
X1IU
A,\_| I ®_ Initial state: MCR NO executes and restores

the initial bus line (A).
Output Y5 turns ON/OFF according to the ON/OFF state of X10, regardless of the
ON/OFFstatusofinputsX0,X2or X4.
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2.15 Set and Reset

Mnemonic Function Format Devices Program steps
SET Sets a bit device Y, M, S Y,M:1
(SET) permanently ON — . S, special M
coils:2
RST Resets a bit Y, M, S, D,V,
(ReSeT) device — . Z(see section
permanently 2.16 for timers D, special D
OFF and counters registers, V and
T,C) Z:3
Program example:
B S R 0 X0
1 F= 1 SET Y 0
2 b X 1
— F—————1RST[ Y0 K= 3 RST Y 0
X2 4 LD X 2
—t F————1{SET[ M0 | = 5 SET M 0
X3 6 LD X 3
— F——————{RSTI M0 K= [ RST M0
X4
9 SET s 0
isl—__ = oL x5
= RST S 0
— 12 ID X 6
X6 F= 13 RST D 0
—

Basic points to remember:
- Turning ON X0 causes YO to turn ON. YO remains ON
even after X0 turns OFF.

- Turning ON X1 causes YO0 to turn OFF. YO remains OFF

even after X1 turns OFF.

- SET and RST instructions can be used for the same

device as many times as necessary.
However, the last instruction activated determines the current status.
- Itis also possible to use the RST instruction to reset the contents of data devices such as
data registers, index registers etc. The effect is similar to moving ‘K0’ into the data device.
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2.16 Timer, Counter (Out & Reset)

Mnemonic Function Format Devices Program steps
ouT Driving timer or T, C 32 bit
(OuUT) counter coils 4@* counters:5
Others: 3
RST Resets timer and T, C (see section
(ReSeT) counter, coils — . 2.15 for other T,C:2

contacts and

current values

resettable

devices)

2.16.1 Basic Timers, Retentive Timers And Counters

T246

K1234

X3

X4

CZIDD

Y

RST| T246

B0

8200

RST| C200

(c200—

0

X1lis

Do

Retentive timers:
* For more information on retentive timers.

29

These devices can all be reset at any time by
driving the RST instruction (with the number Of
the device to be reset). On resetting, all active
contacts, coils and current value registers are
reset for the selected device. In the example,
T246, a 1msec retentive timer, is activate while

ON. When the current value of T246 reaches
the preset ‘K’ value, i.e. 1234, the timer coil for
T246 will be activated. This drives the NO
contact ON. Hence, YO is switched ON.
Turning ON X0 will reset timer T246 in the
manner described previously. Because the
T246 contacts are reset, the output YO will be
turned OFF.
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2.16.2 Normal 32 bit Counters

The 32 bit counter C200 counts (up-count, down-count) according to the ON/OFF state of
M8200. In the example program shown on the previous page C200 is being used to count
the number of OFF ~ ON cycles of input X4.

The output contact is set or reset depending on the direction of the count, upon reaching a
value equal (in this example) to the contents of data registers D1,D0 (32 bit setting data is
required for a 32 bit counter).

The output contact is reset and the current value of the counter is reset to ‘0’ when input
X3 is turned ON.

32 bit counters:

* For more information on 32 bit counters.

2.16.3 High Speed Counters

High speed counters have selectable count directions. The

directions are selected by driving the appropriate special

auxiliary M coil. The example shown to the right works in the

following manner; when X10 is ON, counting down takes

place. When X10 is OFF counting up takes place.

In the example the output contacts of counter CAAAand its associated current count
values are reset to “0” when X11 is turned ON. When X12 is turned ON the driven counter
is enabled. This means it will be able to start counting its assigned input signal (this will
not be X12 - high speed counters are assigned special input signals.)

Availability of devices:
* Not all devices identified here are available on all programmable controllers.

Ranges of active devices may vary from PLC to PLC. Please check the specific
availability of these devices on the selected PLC before use. For PLC device ranges
please see chapter 8.

2.17 Leading and Trailing Pulse

Mnemonic Function Format Devices Program steps
PLS Rising edge Y, M 2
(PuLSe) pulse — . (no special M
coils allowed)
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PLF
(PuLse Falling)

Falling / trailing Y, M 2

edge pulse — (no special M

coils allowed)

Program example:

X0
| [PLST Mo 0 LD X 0
K SBEEE
1 SET 4 SET Y 0
—T }1 PLF = 2 EEF ﬁ 1
M1 8 LD M 1
— f RST[ YO | 9 RST Y O
Basic points to remember:
-When a PLS instruction is executed,
object devices Y and M operate for one
operation cycle after the drive input signal I -
has turned ON. x| [ [
- When a PLF instruction is executed, wo f] ! | |
object devices Y and M operate for one M1 [ [
operation cycle after the drive input signal vo [ L 1
has turned OFF. tmsee

- When the PLC status is changed from

RUN to STOP and back to RUN with the input signals still ON, PLS MO is operated again.
However, if an M coil which is battery backed (latched) was used instead of MO it would
not re-activate. For the battery backed device to be re-pulsed, its driving input (ex. X0)
must be switched OFF during the RUN/STOP/RUN sequence before it will be pulsed once
more.

2.18 Inverse

Mnemonic Function Format Devices Program steps
INV Invert the current - N/A 1
(Inverse) result of the -

internal PLC

operations

Program example:
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X0
— | PLST MO ] o b X 0
VO F= 1 PLS M 0

| 3 LD M 0

5 LD X 1

— PLF J= 6 PLF M 1
M1 8 LD M 1
— | RST 9 RST Y 0

Basic points to remember:

- The INV instruction is used to change (invert) the logical state of the current ladder
network at the inserted position.

- Usage is the same as for AND and ANI; see earlier.

Usages for INV
* Use the invert instruction to quickly change the logic of a complex circuit.

It is also useful as an inverse operation for the pulse contact instructions LDP, LDF,
ANP, etc.

2.19 No Operation

Mnemonic Function Format Devices Program steps
NOP No operation or N/A N/A 1
(No Operation) null step

Basic points to remember:

- Writing NOP instructions in the middle of a program minimizes step nhumber changes
when changing or editing a program.

- Itis possible to change the operation of a circuit by replacing programmed instructions
with NOP instructions.

- Changing a LD, LDI, ANB or an ORB instruction with a NOP instruction will change the
circuit considerably; quite possibly resulting in an error being generated.

- After the program ‘all clear operation’ is executed, all of the instructions currently in the
program are over written with NOPs.

2.20 End
Mnemonic Function Format Devices Program steps
END Forces the current =5 N/A 1
(END) program scan to
end

Basic points to remember:
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- Placing an END instruction in a program forces that program to end the current scan and

carry out the updating processes for both inputs and outputs.

- Inserting END instructions in the middle of the program helps program debugging as the

section after the END instruction is disabled and isolated from the area that is being

checked. Remember to delete the END instructions from the blocks which have already

been checked.

- When the END instruction is processed the PLCs watchdog timer is automatically

refreshed.

A program scan:

* Aprogram scan is a single processing of the loaded program from start to finish,
This includes updating all inputs, outputs and watchdog timers. The time period for

one such process to occur is called the scan time. This will be dependent upon program

length and complexity. Immediately the current scan is completed the next scan

begins. The whole process is a continuous cycle. Updating of inputs takes place at the

beginning of each scan while all outputs are updated at the end of the scan.

3. STL Programming

This chapter differs from the rest of the contents in this manual as it has been written with
atraining aspect in mind. STL/SFC programming, although having been available for
many years, is still misunderstood and misrepresented. We at BRASILTEC would like to
take this opportunity to try to correct this oversight as we see STL/SFC programming
becoming as important as ladder style programming.

3.1 What is STL, SFC And IEC1131 Part 3?

The following explanation is very brief but is designed to quickly outline the differences
and similarities between STL, SFC and IEC1131 part 3. In recent years Sequential
Function Chart (or SFC) style programming (including other similar styles such as Grafcet
and Funktionplan) have become very popular throughout Europe and have prompted the
creation of IEC1131 part 3.

The IEC1131 SFC standard has been designed to become an interchangeable
programming language. The idea being that a program written to IEC1131 SFC standards
on one manufacturers PLC can be easily transferred (converted) for use on a second
manufacturers PLC.

STL programming is one of the basic programming instructions included in all HC PLC
family members. The abbreviation STL actually means STep Ladder programming.
STL programming is a very simple concept to understand yet can provide the user with
one of the most powerful programming techniques possible. The key to STL lies in its

ability to allow the programmer to create an operational program which ‘flows’ and works
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in almost exactly the same manner as SFC. This is not a coincidence as this programming
technigue has been developed deliberately to achieve an easy to program and monitor
system. One of the key differences to BRASILTEC’s STL programming system is that it
can be entered into a PLC in 3 formats. These are:

I') Instruction - a word/mnemonic entry system

I I )Ladder - agraphical program construction method using a relay logic symbols

I I 1I)SFC-aflow chartstyleof STL program entry (similar to SFC)

General note:
* IEC1131-3: 03.1993 Programmable controllers; part 3: programming

languages.
The above standard is technically identical to the ‘Euro-Norm’ EN61131-3: 07.1993

3.2 How STL Operates

As previously mentioned, STL is a system which allows
the user to write a program which functions

in much the same way as a flow chart, this can be seen
in the diagram opposite. STL derives its strength by
organizing a larger program into smaller more
manageable parts.

Each of these parts can be referred to as either a state or
a step. To help identify the states, each is given a unique
identification number. These numbers are taken from the
state relay devices.

3.2.1 Each step is a program

Each state is completely isolated from all other states within the whole program. A good
way to envisage this, is that each state is a separate program and the user puts each of
those programs together in the order that they require to perform their task. Immediately
this means that states can be reused many times and in different orders. This saves on
programming time AND cuts down on the number of programming errors encountered.
ALook Inside an STL

On initial inspection the STL program looks as if it is a

rather basic flow diagram. But to find out what is really

happening the STL state needs to be put ‘under a

microscope’ so to speak. When a single state is
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examined in more detail, the sub-program can be viewed.

With the exception of the STL instruction, it will be immediately seen that the STL
sub-program looks just like ordinary programming.

(DThe STL instruction is shown as a ‘fat’ normally open contact.

All programming after an STL instruction is only active when the associated state coil is
active.

@The transition condition is also written using standard programming. This idea
re-enforces the concept that STL is really a method of sequencing a series of events or as
mentioned earlier ‘of joining lots of smaller programs together’.

Combined SFC Ladder representation

Sometimes STL programs will be written in hard copy as a combination of both flow
diagram and internal sub-program. (example shown below). Identification of contact
states.

Please note the following convention is used:

ONormally Open contact
@®Normally Closed contact
Common alternatives are ‘a’ and ‘b’ identifiers for
Normally Open, Normally Closed states or often a
line drawn over the top of the Normally Close d
contact name is used, e.g. X000.

3.3 How To Start And End An STL Program

Before any complex programming can be undertaken the basics of how to start and more
importantly how to finish an STL program need to be examined.

3.3.1 Embedded STL programs

An STL style program does not have to entirely

replace a standard ladder logic program. In fact it

might be very difficult to do

so. Instead small or even large section of STL

program can be entered at any point in a program.

Once the STL task has been completed the program must go back to processing standard
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program instructions until the next STL program block. Therefore, identifying the start and
end of an STL program is very important.

3.3.2 Activating new states

Once an STL step has been selected,

how is it used and how is the program I Y2
. 522
‘driven’? -Kzo
This is not so difficult, if it is considered TO
L 57. — SET
that for an STL step to be active its STL ﬁ
associated state coil must be ON. Hence, 527

to start an STL sequence all that has to

be done is to drive the relevant state ON.

There are many different methods to drive a state, for example the initial state coils could

be pulsed, SET or just included in an OUT instruction. However, within BRASILTEC’s STL
programming language an STL coil which is SET has a different meaning than one that is
included in an OUT instruction.

Note: For normal STL operation it is recommended that the states are selected

using the SET instruction. To activate an STL step its state coil is SET ON.
Initial Steps
For an STL program which is to be activated on
the initial power up of the PLC, a trigger similar
to that shown opposite could be used, i.e. using
MB8002 to drive the setting of the initial state. The
STL step started in this manner is often referred
to as the initial step. Similarly, the step activated
first for any STL sequence is also called the
initial step.

3.3.3 Terminating an STL Program

Once an STL program has been started the programmable controllers CPU will process
all following instructions as being part of that STL program. This means that when a
second pro-gram scan is started the normal instructions at the beginning of the program
are considered to be within the STL program. This is obviously incorrect and the CPU will
proceed to identify a programming error and disable the programmable controllers
operation.

This scenario may seem a little strange but it does make sense when it is considered that
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the STL program must return control to the ladder program after STL operation is
complete. This means the last step in an STL program needs to be identified in some way.
Returning to Standard Ladder

This is achieved by placing a RET or RETurn

instruction as the last instruction in the last

STL step of an STL program block. This

instruction then returns programming control to

the ladder sequence.

Note: The RET instruction can be used to separate STL programs into sections,
with stan-dard ladder between each STL program. For display of STL in SFC

style format the RET instruction is used to indicate the end of a complete STL
program.

3.4 Moving Between STL Steps

To activate an STL step the user must first drive the state coil. Setting the coil has already
been identified as a way to start an STL program, i.e. drive an initial state. It was also
noted that using an OUT statement to driving a state coil has a different meaning to the
SET instruction. These difference will now be explained:

3.4.1 Using SET to drive an STL coil

* SET is used to drive an STL state coil to

make the step active. Once the current

STL step activates a second following step, _X?'IDD s??o @_
the source STL coil is reset. Hence, /Sm

although SET is used to activate a state 1 (S030)—
the resetting is automatic. é SET
However, if an STL state is driven by a

series of standard ladder logic instructions, RST[ 5022

i.e. not a preceding STL state, then

standard programming rules apply. In the example shown opposite S20 is not reset even
after S30 or S21 have been driven. In addition, if S20 is turned OFF, S30 will also stop
operating. This is because S20 has not been used as an STL state. The first instruction
involving the status of S20 is a standard LoaD instruction and NOT an STL instruction.
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Note: If a user wishes to
forcibly reset an
STL step, using the RST or
ZRST (FNC 40) instructions would

X000
H ZRST| 521 S28 |
/4

perform this task.

* SET is used to drive an immediately following STL step which typically will have a larger

STL state number than the current step.

* SET is used to drive STL states which occur within the enclosed STL program flow, i.e.

SET is not used to activate a state which appears in an unconnected, second STL flow

diagram.

3.4.2 Using OUT to drive an STL coil

This has the same operational features as using SET. However, there is one major
function which SET is not used. This is to make what is termed ‘distant jumps’.

OUT is used for loops and jumps

If a user wishes to ‘jump’ back up a program, i.e.
go back to a state which has already been
processed, the OUT instruction would be used
with the appropriate STL state number.
Alternatively the user may wish to make a large
‘jump’ forwards skipping a whole section of STL
programmed states.

Out is used for distant jumps

If a step in one STL program flow was required to
trigger a step in a second, separate STL program
flow the OUT instruction would be used.

Note: Although it is possible to use SET for jumps and loops use of OUT is
needed for display of STL in SFC like structured format.
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3.5 Rules and Techniques For STL programs

It can be seen that there are a lot of advantages to using STL style programming but there
are a few points a user must be aware of when writing the STL sub-programs. These are
highlighted in this section.

3.5.1 Basic Notes On The Behavior Of STL programs

* When an STL state becomes active its program is processed until the next step is
triggered. The contents of the program can contain all of the programming items and
features of a standard ladder program, i.e. LoaD, AND OR, OUT, ReSeT etc., as well as
applied instructions.

* When writing the sub-program of an STL state, the first vertical ‘bus bar’ after the STL
instruction can be considered in a similar

manner as the left hand bus bar of a standard

ladder program.

Each STL step makes its own bus bar. This

means that a user, cannot use an MPS

instruction directly after the STL instruction

(see O), i.e. There needs to be at least a

single contact before the MPS instruction.

Note: Using out coils and even applied instructions immediately after an STL
instruction is permitted

* In normal programming using dual coils is not an acceptable
technique. However repetition of a coil in separate STL
program blocks is allowed.

This is because the user can take advantage of the STL’s
unique feature of isolating all STL steps except the active STL
steps.

This means in practice that there will be no conflict between
dual coils. The example opposite shows M111 used twice in a
single STL flow.

Caution: The same coil should NOT be programmed in

steps that will be active at the same time as this will result in the same problem as other
dual coils.
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STL step there is a period (one scan) while both steps are

active. This can cause problems with dual coils;

particularly timers.

If timers are dual coiled care must be taken to ensure that

the timer operation is completed during the active STL step.

If the same timer is used in consecutive steps then it is

possible that the timer coil is never deactivated and the

contacts of the timer will not be reset leading to incorrect timer operation. The example
opposite identifies an unacceptable use of timer TO01. When control passes from S30 to
S31T0O01 is not reset because its coil is still ON in the new step.

: Note: As a step towards ensuring the correct operation of the dual timers they

should not be used in consecutive STL steps. Following this simple rule will ensure each
timer will be reset correctly before its next operation.

: * As already mentioned, during the transfer

between steps, the current and the selected steps will

be simultaneously active for one program scan. This

could be thought of as a hand over or handshaking

period.

This means that if a user has two outputs contained in

consecutive steps which must NOT be active

simultaneously they must be interlocked. A good

example of this would be the drive signals to select a motors rotation direction. In the
example Y11 and Y10 are shown interlocked with each other.

* When an STL step transfers control to the next
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3.5.2 Single Signal Step Control

Transferring between active STL steps can be controlled by a single signal. There are two
methods the user can program to achieve this result.

Method 1 - Using locking devices

In this example it is necessary to program separate locking devices, and the controlling
signal must only pulse ON. This is to prevent the STL programs from running through. The
example shown below identifies the general

program required for this method.

-S30 is activated when MO is first pulsed ON.

- The operation of M1 prevents the sequence from

continuing because although MO is ON, the

transfer requirements, need MO to be ON and M1

to be OFF.

- After one scan the pulsed MO and the ‘lock’

device M1 are reset.

- On the next pulse of MO the STL step will transfer

program control from S31 to the next step in a

similar manner. This time using M2 as the ‘lock’ device because dual coils in successive
steps is not allowed.

- The reason for the use of the ‘lock’ devices M1 and M2 is because of the handshaking
period when both states involved in the transfer of program control are ON for 1 program
scan. Without the ‘locks’ it would be possible to immediately skip through all of the STL
states in one go!

Method 2 - Special Single Pulse Flags

Using the pulse contacts (LDP, LDF, ANP, etc.) and a special range of M devices (M2800
to M3071) the same result as method 1 can be achieved. The special feature of these
devices prevents run through of the states,

as only the first occurrence of the LDP

instruction will activate.

The example program below shows the

necessary instructions.

- Assume S50 is already active.

- When X01 activates M2800, this in turn

activates the LDP M2800 instruction in S50

and the flow moves on to step S51.

- The LDP M2800 instruction in the transition

part of S51 does not execute because this is

the second occurrence of M2800 in a pulse contact.

- When X01 next activates M2800, the LDP instruction in S51 is the first occurrence
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because S50 is now inactive. Thus, control passes to the next step in the same manner.

3.6 Restrictions Of Some Instructions When Used With STL

Although STL can operate with most basic and applied instructions there are a few
exceptions. As a general rule STL and MC-MCR programming formats should not be
combined. Other instruction restrictions are listed in the table below.

Basic Instructions

LD, LDI, AND,
Operational State ANI,ORORI, | ANB, ORB,
NOP,OUT, | MPS,MRD, MC, MCR
SET, RST, MPP
PLS,PLF

iti STL
Initial and general g 7 7 X
states

st |

Output )
_Branch- processing b@ ’ ’ o
ing and
merging
states - ‘
rans gr STII:"ﬂp—EEﬂB’:I-( 7 X X
processing STL

Restrictions on using applied instructions

' Most applied instructions can be used within STL programs. Attention must be paid
to the way STL isolates each non-active step. It is recommended that when applied
instructions are used their operation is completed before the active STL step transfers to
the next step.

Other restrictions are as follows:

- FOR - NEXT structures can not contain STL program blocks.

- Subroutines and interrupts can not contain STL program blocks.

- STL program blocks can not be written after an FEND instruction.

- FOR - NEXT instructions are allowed within an STL program with a nesting of up to 4
levels.

Using ‘jump’ operations with STL

* Although it is possible to use the program jump operations (CJ instruction) within STL
program flows, this causes additional and often unnecessary program flow complications.
To ensure easy maintenance and quick error finding it is recommended that users do not
write jump instructions into their STL programs.

42



fec

intelligent solutions worldwide

3.7 Using STL To Select The Most Appropriate Program

So far STL has been considered as a simple flow charting programming language. One of
STL’s exceptional features is the ability to create programs which can have several
operating modes. For example certain machines require a selection of ‘manual’ and
‘automatic’ modes, other machines may need the ability to select the operation or
manufacturing processes required to produce products ‘A, ‘B’, ‘C’, or ‘D’. STL achieves
this by allowing multiple program branches to originate from one STL state. Each branch
is then programmed as an individual operating mode, and because each operating mode
should act individually, i.e. there should be no other modes active; the selection of the
program branch must be mutually exclusive. This type of program construction is called
“Selective Branch Programming”. An example instruction program can be seen below,
(this is the sub-program for STL state S20 only) notice how each branch is SET by a
different contact.

s20 —Y0) oUT Y 0
SeT § 21 =X
X0 - X1 T X2 + gET é 3?1 =1
é@ ésm ésm Ser S 41 =A

A programming construction to split the program flow between different branches is very
useful but it would be more useful if it could be used with a method to rejoin a set of
individual branches.

STL S 29
s20|(Y10) [s39 S 49 OUT Y 10
LD X 10
—+ X10 + X11 —+ X12 SET S 50
STL S 39
S—5 8 i
S 50 SET S 50
STL S 49
OUT Y 12
LD X 124
50

SET S

This type of STL program construction is called a “First State Merge” simply because the
first state (in the example S29, S39 or S49) to complete its operation will cause the
merging state (S50) to be activated. It should be noticed how each of the final STL states
on the different program branches call the same “joining” STL state.
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3.8 Using STL To Activate Multiple Flows Simultaneously

In the previous branching technique, it was seen how a single flow could be selected from
a group. The following methods describe how a group of individual flows can be activated
simultaneously. Applications could include vending machines which have to perform
several tasks at once, e.g. boiling water, adding different taste ingredients (coffee, tea,
milk, sugar) etc.

In the example below when state S20 is active and X0 is then switched ON, states S21,
S31 and S41 are ALL SET ON as the next states. Hence, three separate, individual,
branch flows are ‘set in motion’ from a single branch point. This programming technique is
often called a ‘Parallel Branch’. To aid a quick visual distinction, parallel branches are
marked with horizontal, parallel lines.

| STL S 20

s20 —(Y0) ouT Y 0

ID X 0

X0 m SET S 21
SET S 31 » <9

é SET S 41

S21 S31 S41

When a group of branch flows are activated, the user will often either;

a) ‘Race’ each flow against its counter parts. The flow which completes fastest would then
activate a joining function (“First State Merge” described in the previous section) OR

b) The STL flow will not continue until ALL branch flows have completed there tasks. This
is called a ‘Multiple State Merge”. An explanation of Multiple State Merge now follows
below. In the example below, states S29, S39 and S49 must all be active. If the instruction
listis viewed it can be seen that each of the states has its own operating/processing
instructions but that also additional STL instructions have been linked together (in a
similar concept as the basic AND instruction). Before state S50 can be activated the
trigger conditions must also be active, in this example these are X10, X11 and X12. Once
all states and input conditions are made the merging or joining state can be SET ON. As is
the general case, all of the states used in the setting procedure are reset automatically.
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STL S 29

X10 STL § 39

X1+ ﬂ oOuT Y 11
X12 ——} S

S 50 STL'S 49
OUT Y 12

STL S 29
STL S 39 » <
STL S 49
LD X 10
AND X 11

AND X 12
SET s 50 “=A

Because more than one state is being simultaneously joined with further states (some
times described as a parallel merge), a set of horizontal parallel lines are used to aid a
quick visual recognition.

3.9 General Rules For Successful STL Branching

For each branch point 8 further branches may be programmed. There are no limits to the
number of states contained in a single STL flow. Hence, the possibility exists for a single
initial state to branch to 8 branch flows which in turn could each branch to a further 8
branch flows etc. If the programmable controllers program is read/written using instruction
or ladder formats the above rules are acceptable. However, users of the HC-PCS/AT-EE
programming package who are utilizing the STL programming feature are constrained by
further restrictions to enable automatic STL program conversions . When using branches,
different types of branching /merging cannot be mixed at the same branch point. The item
marked with a ‘S’ are transfer condition which are not permitted.

The following branch configurations/modifications are recommended:
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1 1 1 1 | | | | | 1
[620] [530|[540] [S20][S30][S40] [S20][S30] [S20][S30)

X0 == X1 4+ X2 4 X0 4= X1 = ——l—
X0 T X0+
— — X1 4+ K2 :I—
X3 1 X4 +
S550| | S 60 S40( (S50 540| |5 50
(=] [£5 [550] [S60 Exl (550 (54 [ES]
'r Rewrite as '. Rewrite as -', l
] 1 | 1 | ] ] ] ] ]
|820] [530] [540] [520] [530] [ 40| [520] [530] |5 20| |8 30|
X0 = X1 -+ X2 4+ | X0 +— X1 + —
X0 + X0 =+
S 104 Dummy state Dummy Dummy Dummy
EE 4 Eﬂ” state Eﬂ] state IE1E state
——(E101) {5102}
T iE100) - (S100) (S0 (5100
X3 4 x4 4 — _l_ %1 L x2 L
55) 56 [550] Exl 5% [s40][E%]
In Instruction In Instruction
format. . " format... '.' .’
STL § 20 STL § 20 STL & 20 STL § 20
Lo X STL § 30 L X 0 STL S 30
SET S 100 5TL § 40 SET S 102 LD X 0
STL S LD X 0 STL & 30 SET S 103
Lo X SET & 101 Lo X 1 STL S 103
SET S 100 STL S5 101 SET S 102 LD S 103
STL S LD S 101 STL S 102 AND X 1
Lo X 2 SET § &0 LD S 102 SET & 40
SET S 100 SET S 60 SET S 40 LD S 103
STL S 100 SET § 50 AMND X 2
LD S 100 SET & 65O
AND X 3
SET § 50
LD S 100
AND X 4
SET § 60
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Further recommended program changes:

5 20 5 20
Rewrite as...
®o + ®10 -+ = X0 4 ®0 -+ X10 4+ X100 +
®1 -m ®11 —T‘M-l— X1 T x4 4 X114+ x4 F
[821] [523] [825] [527] [821] [523] [825] [527]
X2 4 X5 + x12 + x15 + X2 + x5 4 x12 + x15 +
[§22] [S24] [E28] [E28) [§22] [524] [E28] [E28)
X3 4+ X6 :|- *®13 -+ X16 :|— X3 4+ X6 = X13 4+ X186 -+
x7 4+ ®17 + X7 4+ X7 4+ X17T 4+ X17 +
5 25 5 28

Program violation!

l—*—l Rewrite as__ =55
1 7 xo + x1 4
£ 4

]

1 |
[E21| [S23] [§25] [E27]

T ¥ T I x2 4+ X34+ xa + x5

[s22] [s24] [528] [328]
1 I

"_+ 'f;l' X6 4 X7 -+
- =2

STL S 20 5TL 5 22
LD X O STL 5 24
SET S 21 LD X &
SET S 23 SET S 29
LD X 1 STL S 26
SET S 25 STL S 28
SET s 27 L X 7

SET S 29

3.10 General Precautions When Using HC-PCS/AT-EE Software

This software has the ability to program in SFC flow diagrams. As part of this ability it can
read and convert existing STL programs back into SFC flows even if they were never
originally programmed using the HC-PCS/AT-EE software. As an aid to allowing this
automatic SFC flow generation the following rules and points should be noted:

1) When an STL flow is started it should be initialized with one of the state devices from
the range SO to S9.

2) Branch selection or merging should always be written sequentially moving from left to
right.. The merge states were programmed in a similar manner, S29 proceeded S39 which
proceeded S49.

3) The total number of branches which can be programmed with the STL programming
mode are limited to a maximum of 16 circuits for an STL flow. Each branch point is limited
to a maximum of 8 branching flows. This means two branch points both of 8 branch flows
would equal the restriction. These restrictions are to ensure that the user can always view
the STL flow diagram on the computer running the HC-PCS-AT/ EE software and that
when it is needed, the STL program flow can be printed out clearly.
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3.11 Programming Examples

3.11.1 A Simple STL Flow

Loading hopper

Y12 Y10

Start button
X0

Ore truck ~ /J

b
\

Y13

o

.‘- X2 = X1 -6;

Ore dischange point

This simple example is an excerpt from a semi-automatic loading-unloading ore truck
program.

This example program has a built in, initialization routine which occurs only when the PLC
is powered from OFF to ON. This is achieved by using the special auxiliary relay M8002.
This activates a Zone ReSeT (ZRST is applied

instruction 40) instruction which ensures all of the

operational STL states within the program are

reset. The program example opposite shows an

MB8002/ZRST example.

The push button X0 acts as a start button and a mode selection button. The STL state SO
is initialized with the ZRST instruction. The system waits until inputs X0 and X2 are given
and Y 13 is not active. In the scenario this means the ore truck is positioned at the ore
discharge point, i.e. above the position sensor X2. The ore truck is not currently
discharging its load, i.e. the signal to open the trucks unloading doors (Y13) is not active
and the start button (X0) has been given. Once all of the points have been met the
program steps on to state S21.

On this state the ore cart is moved (Y10) and positioned (X1) at the loading hopper. If the
start button (X0) is pressed during this stage the ore cart will be set into a repeat mode
(M2 is reset) where the ore truck is immediately returned to the loading hopper after
discharging its current load. This repeat mode must be selected on every return to the
loading station.

Once at the loading point the program steps onto state S22. This state opens the hoppers
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doors (Y11) and fills the truck with ore. After a timed duration, state S23 is activated and
the truck returns (Y12) to the discharge point (X2).

Once at the discharge point the truck opens its bottom doors (Y13). After a timed duration
in which the truck empties its contents, the program checks to see if the repeat mode was
selected on the last cycle, i.e. M2 is reset. If M2 was reset (in state S21) the program
‘jumps’ to step S21 and the ore truck is returned for immediate refilling. If M2 is not reset,
i.e. itis active, the program cycles back to STL state SO where the ore truck will wait until
the start push button is given.

This is a simple program and is by no means complete but it identifies the way a series of
tasks have been mapped to an STL flow.

M8002
sl wp (SETS0H
X0 +
X2 + ——{ZRST[ SZ1[ 575
Y13 T STL X0 X2 Y1
X0 STL
X1+ — —{RST[MZ | sz’w Y10
X0
[s2}—@D B
X1
n+ G —
STL
fa——a@ 1) o
522 -
X2 + T4
T1
[s2a}f—@® .
&0 STL
@ ) -
2 4 S73 | o
—
"1 “T i o
= 1
EZS SET[ M2 | S 24 @52
7
M2 4 T2 M2
—
T2 M2
@0
LD MBOOZ (LD X 1 | OUTT 2 _SHT.L (SETT W2
SETS 0 | SET S 22 K 50 [g35
ZRST 40 | STL S22 | LD T 2 M2
S 21 | OUTY 11 | ANI M 2 — —@ 2D—
S 25 | OUTT 1 | SET § 25
STLS 0 K 70 |LD T 2 RET
ANDX 2 | SBrSos | OUTS b
ANI ¥ 13 | STL 523 | STL S 25 (END}

SET 5 21 OuUTY 12 | SET M 2
STL 8§ 21 Lo X 2 LD M 2
OuUTY 10 | SET 524 | OUT S 21
LD X 0 STL 8 24 | RET
RST M 2 OUTY 13 | END
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3.11.2 A Selective Branch/ First State Merge Example Program

The following example depicts an automatic sorting robot. The robot sorts two sizes of ball
bearings from a mixed ‘source pool’ into individual storage buckets containing only one
type of ball bearing.

X12 ﬁ @7
Y3
//— X1
"‘“\& :
Y2

YO

X3 X4 X5
o1
X2

o

W:ED
: U

The sequence of physical events (from initial power On) are:

1) The pickup arm is moved to its zero-point when the start button (X12) is pressed. When

the pickup arm reaches the zero-point the zero-point lamp (Y7) is lit.

2) The pickup arm is lowered (YO) until a ball is collected (Y1). If the lower limit switch (X2)

is made a small ball bearing has been collected; consequently no lower limit switch signal

means a large ball bearing has been collected. Note, a proximity switch (X0) within the
‘source pool’ identifies the availability of ball bearings.

3) Depending on the collected ball, the pickup arm retracts (output Y2 is operated until X3

is received) and moves to the right (Y3) where it will stop at the limit switch (X4 or X5)

indicating the container required for storage.

4) The program continues by lowering the pickup arm (YO) until the lower limit switch (X2)

is reached.

5) The collected ball being is released (Y1 is reset).

6) The pickup arm is retracted (Y2) once more.

7) The pickup arm is traversed back (Y4) to the zero-point (X1).

Points to note

* The Selective Branch is used to choose the delivery program for either small ball
bearings or large ball bearings. Once the destination has been reached (i.e. step S24 or
S27 has been executed) the two independent program flows are rejoined at step S30.

* The example program shown works on a single cycle, i.e. every time a ball is to be
retrieved the start button (X12) must be pressed to initiate the cycle.
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Full STL flow diagram/program

oM12 4=
YT T Zero-point arrival

EEI'— Lower pickup arm

Start

Gy

oTh -+ o T ==
O0X2 1  Lower limit = small ball .2

5 L : j"m 6Tl 4+

Eﬂ b_ Collect bal Ez& l— Collect
B

pickup arm

ol Tel [o] | [o]

ox1

Lower pickup arm

0x2 =+ Lower limit reached

31 |———(RST] Y1Release bal

K10
oTz T —C2D

H Raisa pickup arm

0x3 =+ Upper limit reached

X1
Return to zero-paint

= Zero-point reached

| 50 | This exampla uses the dot notation io idantify

normally open and normally closed contacts.

2 Nomally open contacts
& Nomally closed contacts

Lower limit = large ball

ball
10

—G

zzl—@ Raise Ezﬂ—@ Raise

pickup arm

QX3 T Upper limit reached QX3 - Upper limit reached
x4 x5
EH—®  EH—®
ox4 + Move to small ball bucket & X5 4+ Move to large ball bucket

3.12 Advanced STL Use

STL programming can be enhanced by using the Initial State Applied Instruction. This
instruction has a mnemonic abbreviation of IST and a special function number of 60.
When the IST instruction is used an automatic assignment of state relays, special auxiliary
relays (M coils) is made. The IST instruction provides the user with a pre-formatted way of

creating a multi-mode program. The modes available are:
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a) Automatic:

- Single step

- Single cycle

- Continuous

b) Manual:

- Operator controlled
- Zero return

4. Devices in Detall

4.1 Inputs

Device Mnemonic:X
Purpose: Representation of physical inputs to the programmable controller (PLC)
Alias: I/P
Inp

(X) Input

Input contact
Available forms: NO (00) and NC (O) contacts only (see example device usage for
references)
Devices numbered in: Octal, i.e. X0 to X7, X10 to X17
Further uses: None
Example device usage:

Y10 |

Available devices:
®  Alternatively refer to the relevant tables for the selected PLC in chapter 8.

Configuration details:
* Please see chapter 9

4.2 Outputs

Device Mnemonic: Y
Purpose: Representation of physical outputs from the programmable controller
Alias: O/P
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Otp
Out (Y)
Output (Y)

Output (coil/ relay/ contact)
Available forms: NO (0O0) and NC contacts and output coils (0J)
(see example device usage for references)
Devices numbered in: Octal, i.e. YO to Y7, Y10 to Y17

Further uses: None
Example device usage

X0 X1
| rdi
Y1 ’ﬂ

k=3

Available devices:

Maximum number of

Maximum number of

Absolute total

S inputs outputs available VO
FXis 16 14 30

FX1iN 128 128 128

FX2N 256 (addressable in 256 (addressable in | 256 (Total addressed in
FX2NC software) software) software/hardware)

* Please note, these are all the absolute maximums which are available. The values are
subject to variations caused by unit selection. For configuration details please see chapter

9.

* For more information about the device availability for individual PLCs, please see

chapter 8

4.3 Auxiliary Relays

Device Mnemonic: M

Purpose: Internal programmable controller status flag

Alias:

Auxiliary (coil/ relay/ contact/ flag)

M (coil/ relay/ contact /flag)

M (bit) device

Available forms: NO (0O0) and NC contacts and output coils (0J)
(see example device usage for references)
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Devices numbered in: Decimal, i.e. MO to M9, M10 to M19
Example device usage:

2
@

4.3.1 General Stable State Auxiliary Relays

* Anumber of auxiliary relays are used in the PLC. The coils of these relays are driven by
device contacts in the PLC in the same manner that the output relays are driven in the
program.

All auxiliary relays have a number of electronic NO and NC contacts which can be used by
the PLC as required. Note that these contacts cannot directly drive an external load. Only
output relays can be used to do this.

Available devices:

PLC FX1S FXIN FX2N FX2NC
General auxiliary 384 384 500 500
relays (M0-383) | (MO-383) | (MO-499) | (MO -499)
Battery backed/ 128 1152 2572 2572
latched relays M384 - 511 (M384 - (M500 - (M500 -
y (M384 -511) | "4535) 3071) 3071)
Total available 512 1536 3072 3072

* For more information about device availability for individual PLCs, please see chapter 8.

4.3.2 Battery Backed/ Latched Auxiliary Relays

There are a number of battery backed or latched relays whose status is retained in battery
backed or EEPROM memory. If a power failure should occur all output and general
purpose relays are switched off. When operation is resumed the previous status of these
relays is restored.

The circuit shown is an example of a self retaining circuit. Relay M507 is activated when
X0 is turned ON. If X0 is turned OFF after the activation of M507, the ON status of M507 is
self retained, i.e. the NO contact M507 drives the coil M507.

However, M507 is reset (turned OFF) when the input X1 is turned ON, i.e. the NC contact
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is broken.
A SET and RST (reset) instruction can be used to retain the status of a relay being
activated momentarily.

X0
| | SET| M507
X1
|| RST] M507

External loads:

* Auxiliary relays are provided with countless number of NO contact points and NC
contact points. These are freely available for use through out a PLC program. These
contacts cannot be used to directly drive external loads. All external loads should be
driven through the use of direct (Y) outputs.

4.3.3 Special Diagnostic Auxiliary Relays

APLC has a number of special auxiliary relays. These relays all have specific functions
and are classified into the following two types.

a) Using contacts of special auxiliary relays

- Coils are driven automatically by the PLC. Only the contacts of these coils may be used
by a user defined program.

Examples: M8000: RUN monitor (ON during run)

M8002: Initial pulse (Turned ON momentarily when PLC starts)

M8012: 100 msec clock pulse

b) Driving coils of special auxiliary relays

- APLC executes a predetermined specific operation when these coils are driven by the
user.

Examples: M8033: All output statuses are retained when PLC operation is stopped
M8034: All outputs are disabled

M8039: The PLC operates under constant scan mode

* Not all PLC’s share the same range, quantity or operational meaning of diagnostic
auxiliary relays. Please check the availability and function before using any device. PLC
specific diagnostic ranges and meanings are available in chapter 6.

Available devices:
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4.3.4 Special Single Operation Pulse Relays

When used with the pulse contacts LDP, LDF, etc., M devices in the range M2800 to
M3072 have a special meaning. With these devices, only the next pulse contact
instruction after the device coil is activated.

MO to M2799 M2800 to M3072
MO~ - M2800
—" /\ ® —
X0 X0
o, S I IMITN O] < S
~ # B0~ #
|4 SET [WsT]- = SET [Ws1 -
@Iﬂ n < ; ® M2800
A —n—[ SET [MBZ]4 | ¥, — SET [ M52
ﬂ..yg..\ ............... b o @6'“@399“‘ ................ e
LoPY [ L SET [M53 |+ | Bp¥W_, ' SET [ MS53 |-
D>
LD LD

Turning ON X0 causes MO to turn ON.

* Contacts(,® and®are pulse contacts and activate for 1 scan.

+ Contact@is a normal LD contact and activates while MO is ON.

Turning ON X0 causes M2800 to turn ON.

* Contact®)is a pulse contact and activates for 1 scan.

* Contacts@and@are pulse contacts of the same M device as contact®.
Contact®has already operated, so contact®and@do not operate.

* Contact® is a normal LD contact and activates while M2800 is ON.

4.4 State Relays

Device Mnemonic: S
Purpose :Internal programmable controller status flag
Alias: State (coil/ relay/ contact/ flag)

S (coil/ relay/ contact /flag)

STL step (coil/ relay/ contact /flag)

Annunciator flag

Available forms: NO ([0) and NC contacts and output coils ([0)
(see example device usage for references)
Devices numbered in: Decimal, i.e. SO to S9, S10 to S19
Example device usage:
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X0 X1
Ij | 1L S20
sz}ﬂ Q

4.4.1 General Stable State - State Relays

A number of state relays are used in the PLC. The coils of these relays are driven by
device contacts in the PLC in the same manner that the output relays are driven in the
program.

All state relays have a number of electronic NO and NC contacts which can be used by
the PLC as required. Note that these contacts cannot directly drive an external load. Only
output Relays can be used to do this.

4.4.2 Battery Backed/ Latched State Relays

There are a number of battery backed or latched relays whose status is retained in battery
backed or EEPROM memory. If a power failure should occur all output and general
purpose relays are switched off. When operation is resumed the previous status of these
relays is restored.

External loads:

 State relays are provided with countless number of NO contact points and NC contact
points, and are freely available for use through out a PLC program. These contacts cannot
be used to directly drive external loads. All external loads should be driven through the
use of direct (ex. Y) outputs.

4.4.3 STL Step Relays

States (S) are very important devices when programming
step by step process control. They are used in combination
with the basic instruction STL.

When all STL style programming is used certain states have
a pre-defined operation. The step identified as[] in the figure
opposite is called an ‘initial state’. All other state steps are
then used to build up the full STL function plan. It should be
remembered that even though remaining state steps are
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used in an STL format, they still retain their general or latched operation status. The range
of available devices is as specified in the information point of the previous section.

Assigned states:

* When the applied instruction IST (Initial STate function 60) is used, the following state
devices are automatically assigned operations which cannot be changed directly by a
users program:

SO0 : Manual operation initial state

S1: Zero return initial state

S2 : Automatic operation initial state

S10to S19 : Allocated for the creation of the zero return program sequence

Monitoring STL programs:

* To monitor the dynamic-active states within an STL program, special auxiliary relay
M8047 must be driven ON.

@ STL/SFC programming:

* For more information on STL/SFC style programming, please see chapter 3. IST
instruction:
* For more information on the IST instruction please FNC 60 in Chapter 5.

4.4.4 Annunciator Flags

Some state flags can be used as outputs for external diagnosis (called annunciation)
when certain applied instructions are used. These instructions are;

When the annunciator function is used the controlled state flags are in the range S900 to
S999 (100 points). By programming an external diagnosis circuit as shown below, and
monitoring special data register D8049, the lowest activated state from the annunciator
range will be displayed.

Each of the states can be assigned to signify an error or fault condition. As a fault occurs
the associated state is driven ON. If more than one fault occurs simultaneously, the lowest
fault number will be displayed. When the active fault is cleared the next lowest fault will
then be processed.

This means that for a correctly prioritized diagnostic system the most dangerous or
damaging faults should activate the lowest state flags, from the annunciator range. All
state flags used for the annunciator function fall in the range of battery backed/ latched
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state registers.

Monitoring is enabled by driving special auxiliary relay M8049 ON.
State S900 is activated if input X0 is not driven within one second after the output YO has
been turned ON.

State S901 is activated when both inputs X1 and

X2 are OFF for more than two seconds.

If the cycle time of the controlled machine is less

than ten seconds, and input X3 stays ON, state

S902 will be set ON if X4 is not activated within

this machine cycle time.

If any state from S900 to S999 is activated, i.e.

ON, special auxiliary relay M8048 is activated to

turn on failure indicator output Y10. The states

activated by the users error / failure diagnosis

detection program, are turned OFF by activating

input X5. Each time X5 is activated, the active

annunciator states are reset in ascending order of

state numbers.

4.5 Pointers

Device Mnemonic: P
Purpose: Program flow control
Alias: Pointer
Program Pointer
P
Available forms: Label: appears on the left of the left hand bus bar when the program is
viewed in ladder mode.
Devices numbered in: Decimal, i.e. PO to P9, P10 to P19
Example device usage:

x20 — g

S < S
ol i1 @ [FENDI—
P1—| C O

RET
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Jumping to the end of the program:

* When using conditional jump instructions (CJ, function 00) the program end can be
jumped to automatically by using the pointer P63 within the CJ instruction. Labelling the
END instruction with P63 is not required.

Device availability:

* For more information about device availability for individual PLCs, please see chapter 8.
4.6 Interrupt Pointers

Device Mnemonic: |
Purpose: Interrupt program marker
Alias: Interrupt
High speed interrupt
[
Available forms: Label: appears on the left of the left hand bus bar when the program is
viewed in ladder mode
(see in the example device usage diagram).
Devices numbered in: Special numbering system based on interrupt device used and
input triggering method
Example device usage:

FEND}—
i OO

b

{IRET
END

Additional applied instructions:

* Interrupts are made up of an interrupt device, an interrupt pointer and various usage of
three, dedicated interrupt applied instructions;

- IRET function 03: interrupt return

- El function 04: enable interrupt

- DI function 05: disable interrupt

Nested levels:

* While an interrupt is processing all other interrupts are disabled. To achieve nested
interrupts the EI-DI instruction must be programmed within an interrupt routine. Interrupts
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can be nested for two levels.

Pointer position:

* Interrupt pointers may only be used after an FEND instruction (first end instruction,
function 06)

4.6.1 Input Interrupts

Identification of interrupt pointer number:

1Q0d 0: interrupt triggered on trailing/ falling edge of input signal
A 1. interrupt triggered on leading/ rising edge of input signal

Input number; each input number can only be used once.

Rules of use:

* The following points must be followed for an interrupt to operate;

- Interrupt pointers cannot have the same number in the ‘100s’ position, i.e. 1100 and 1101
are not allowed.

- The input used for the interrupt device must not coincide with inputs already allocated for
use by other high speed instructions within the user program.

4.6.2 Timer Interrupts

Identification of interrupt pointer number:
[ R

10 to 99 msec: the interrupt is repeatedly triggered at intervals of the
specified time.

Timer interrupt number 3 points (6 to 8)

Example: 1610

The sequence programmed after the label (indicated by the 1610 pointer) is executed at
intervals of 10msec. The program sequence returns from the interruption program when
an IRET instruction is encountered.

:Rules of use:

* The following points must be followed for an interrupt to operate;

- Interrupt pointers cannot have the same number in the “100’s’ position, i.e. 16 10 and 1650
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are not allowed.
4.6.3 Disabling Individual Interrupts

Individual interrupt devices can be temporarily or permanently disabled by driving an
associated special auxiliary relay. The relevant coils are identified in the tables of devices
in chapter 6. However for all PLC types the head address is M8050, this will disable
interrupt 1011,

Driving special auxiliary relays:

* Never drive a special auxiliary coil without first checking its use. Not all PLC’s assign the
same use to the same auxiliary coils.

Disabling high speed counter interrupts

* These interrupts can only be disabled as a single group by driving M8059 ON.

Further details about counter interrupts can be found in the following section

4.6.4 Counter Interrupts

Identification of interrupt pointer number:

100 Counter interrupt number 6 points (1 to 6). Counter interrupts can
be entered as the output devices for High Speed Counter Set
(HSCS, FNC 53). To disable the Counter Interrupts Special
Auxiliary Relay M8059 must be set ON.

Example:

The sequence programmed after the label

}E{a}{ﬂ{tmsca <100[C758] 1030 H (indicated by the 1030 pointer) is executed once the
value of High Speed Counter C255

reaches/equals the preset limit of K100 identified in

the example HSCS.

Additional notes:

* Please see the following pages for more details on the HSSC applied instruction.
- High Speed Counter Set, HSCS FNC 53

4.7 Constant K

Device Mnemonic: K
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Purpose: Identification of constant decimal values
Alias: Constant

K (value/ constant)

K
Available forms: Numeric data value, when used for 16bit data, values can be selected
from the range -32,768 to +32,767
For 32bit data, values from the range -2,147,483,648 to + 2,147,483,647 can be used.
Devices numbered in: N/A. This device is a method of local instruction data entry.
There is no limit to the number of times it can be used.
Further uses: K values can be used with timers, counters and applied instructions
Example device usage: N/A

4.8 Constant H

Device Mnemonic: H
Purpose: Identification of constant hexadecimal values
Alias: Constant
H (value/ constant)
Hex (value/ constant)
H
Available forms: Alpha-numeric data value, i.e. 0 to 9 and Ato F (base 16).
When used for 16bit data, values can be selected from the range 0 to FFFF.
For 32bit data, values from the range 0 to FFFFFFFF can be used.
Devices numbered in: N/A. This device is a method of local instruction data entry.
There is no limit to the number of times it can be used.
Further uses: Hex values can be used with applied instructions
Example device usage: N/A

4.9 Timers

Device Mnemonic: T
Purpose: Timed durations
Alias: Timer(s)

T
Available forms: A driven coil sets internal PLC contacts (NO and NC contacts available).
Various timer resolutions are possible, from 1 to 100 msec, but availability and quantity
vary from PLC to PLC. The following variations are also available:-Selectable timer
resolutions

Further uses: None X0
. |
Example device usage: ‘_< I @_{
K123
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4.9.1 General timer operation

Timers operate by counting clock pulses (1, 10 and 100 msec). The timer output contact is
activated when the count data reaches the value set by the constant K. The overall
duration or elapsed time, for a timers operation cycle, is calculated by multiplying the
present value by the timer resolution, i.e.
A 10 msec timer with a present value of 567 has actually been operating for:

567x%10 msec

567x0.01 sec = 5.67 seconds
Timers can either be set directly by using the constant K to specify the maximum duration
or indirectly by using the data stored in a data register (ex. D). For the indirect setting, data
registers which are battery backed/ latched are usually used; this ensures no loss of data
during power down situations. If however, the voltage of the battery used to perform the
battery backed service, reduces excessively, timer malfunctions may occur.

4.9.2 Selectable Timers

On certain programmable controllers, driving a special auxiliary coil redefines
approximately half of the 100 msec timers as 10 msec resolution timers. The following
PLC’s and timers are nsubject to this type of selection.

@ Driving special auxiliary coils:

* Please check the definition of special auxiliary coils before using them. Not all PLC’s
associate the same action to the same device.

4.9.3 Retentive Timers

Aretentive timer has the ability to retain the currently reached present value even after the
drive contact has been removed. This means that when the drive contact is re-established
a retentive timer will continue from where it last reached.

Because the retentive timer is not reset when the drive contact is removed, a forced reset
must be used. The following diagram shows this in a graphical format.
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Non-retentive timer operation Retentive timer operation
X0 X1
| T20 — 1250
K123 K345
T20 T250
l Y0 — Y1
X2
—] (RST[ 1250
k—1.23s ety 2y t1 +12 = 34.5s

s

x1_|

| Present value
Present value
_“““/l_/— _“"’“/_/

Y0 [ Y1 1
X2 ]

“

4.9.4 Timers Used in Interrupt and ‘CALL’ Subroutines

If timers T192 to T199 and T246 to T249 are used in a CALL subroutine or an interruption
routine, the timing action is updated at the point when an END instruction is executed. The
output contact is activated when a coil instruction or an END instruction is processed once
the timers current value has reached the preset (maximum duration) value.

Timers other than those specified above cannot function correctly within the specified
circumstances.

When an interrupt timer (1 msec resolution) is used in an interrupt routine or within
a‘CALL subroutine, the output contact is activated when the first coil instruction of that
timer is executed after the timer has reached its preset (maximum duration) value.

4.9.5 Timer Accuracy

Timer accuracy can be affected by the program configuration. That is to say, if a timer
contact is used before its associated coil, then the timer accuracy is reduced. The
following formulas give maximum and minimum errors for certain situations.
However, an average expected error would be approximately;

1.5xThe program scan time.
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Condition 1:
The timer contact appears after the timer coil.

Maximum timing error:

2xScan time + The input filter time T? Y10
Minimum timing error:

Input filter time - The timer resolution X10
Condition 2: ' 0
The timer contact appears before the timer
coil.

Maximum timing error:

3xScan time + The input filter time
Minimum timing error:

Input filter time- The timer resolution

:Internal timer accuracy:

* The actual accuracy of the timing elements within the PLC hardware is; + 10 pulses
per million pulses. This means that if a 100 msec timer is used to time a single day, at the
end of that day the timer will be within 0.8 seconds of the true 24 hours or 86,400 seconds.
The timer would have processed approximately 864,000; 100 msec pulses.

4.10 Counters

Device Mnemonic: C
Purpose: Event driven delays
Alias: Counter(s)
C

Available forms: A driven coil sets internal PLC contacts (NO and NC contacts available).
Various counter resolutions are possible including;

(The availability and use of all these counters is PLC specific — please check availability
before use)
Devices numbered in:Decimal,i.eC0toC9,C10toC19
Further uses: None
Example device usage:
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4.10.1 General/ Latched 16bit UP Counters

The current value of the counter increases each time coil

CO is turned ON by X11. The output contact is activated

when the coil is turned ON for the tenth time (see diagram).

After this, the counter data remains unchanged when X11 is

turned ON. The counter current value is reset to'0’ (zero)

when the RST instruction is executed by turning ON X10 in

the example. The output contact YO is also reset at the

same time.

Counters can be set directly using constant K or indirectly

by using data stored in a data register (ex. D). In an indirect

setting, the designation of D10 for example, which contains

the value®123” has the same effect as a setting of‘K123”.

If a value greater than the counter setting is written to a

current value register, the counter counts up when the next input is turned ON.
This is true for all types of counters. Generally, the count input frequency should be
around several cycles per second.

* Counters which are battery backed/ latched are able to retain their status information,
even after the PLC has been powered down. This means on re-powering up, the latched
counters can immediately resume from where they were at the time of the original PLC
power down.

Battery backed/latched counters:

4.10.2 General/ Latched 32bit Bi-directional Counters

The counter shown in the example below, activates when its coil is driven, i.e. the C200
coil is driven. On every occasion the input X14 is turned from OFF to ON the current value
or current count of C200 is incremented.
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x12 Upcounting | | Up counting

xu_ [AAPAAUUUL N A0 AU iz
1 H _|

: ! X13

Conters | 41, ; — ——RSTIC200
value iz 3 2 2 i i X14
! ’ | a — (G200

If output is already
¥1 tumed ON | ~

The output coil of C200 is set ON when the current value increases from“-6”"to “-5”.
However, if the counters value decreases from “-5"to*-6"the counter coil will reset. The
counters current value increases or decreases independently of the output contact state
(ON/OFF). Yet, if a counter counts beyond +2,147,483,647 the current value will
automatically change to -2,147,483,648. Similarly, counting below -2,147,483,648 will
result in the current value changing to +2,147,483,647. This type of counting technique is
typical for “ring counters”. The current value of the active counter can be rest to "0" (zero)
by forcibly resetting the counter coail; in the example program by switching the input X13
ON which drives the RST instruction. The counting direction is designated with special
auxiliary relays M8200 to M8234.

.l: Battery backed/ latched counters:

* Counters which are battery backed/ latched are able to retain their status information,
even after the PLC has been powered down. This means on re-powering up, the latched
counters can immediately resume from where they were at the time of the original PLC
power down.

Selecting the counting direction:

* If M8¥¢¥¢¥efor Crikyis turned ON, the counter will be a down counter. Conversely,
the counter is an up counter when M85 vk ¥<is OFF.
4.11 High Speed Counters
Device Mnemonic: C
Purpose: High speed event driven delays
Alias: Counter (s)
C

High speed counter (s)

Phase counters
Available forms: A driven coil sets internal PLC contacts (NO and NC contacts available).
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There are various types of high speed counter available but the quantity and function vary
from PLC to PLC. Please check the following sections for device availability;

Devices numbered in: Decimal, i.e C235 to C255

Further uses: None

Example device usage: For examples on each of the available forms please see the
relevant sections

4.11.1 Basic High Speed Counter Operation

Although counters C235 to C255 (21 points) are all high speed counters, they share the
same range of high speed inputs. Therefore, if an input is already being used by a high
speed counter, it cannot be used for any other high speed counters or for any other
purpose, i.e as an interrupt input.

The selection of high speed counters are not free, they are directly dependent on the type
of counter required and which inputs are available.

Available counter types;

a) 1 phase bi-directional with user start/reset: C235 to C240

b) 1 phase bi-directional with assigned start/reset: C241 to C245
¢) 1 phase two input bi-directional: C246 to C250

d) A/B phase type: C251 to C255

Please note ALL of these counters are 32bit devices.

High speed counters operate by the principle of interrupts. This means they are event
triggered and independent of cycle time. The coil of the selected counter should be driven
continuously to indicate that this counter and its associated inputs are reserved and that
other high speed processes must not coincide with them.

Example:

When X20 is ON, high speed counter

C235 is selected. The counter C235 20

corresponds to count input X0. X20 is | i C235
NOT the counted signal. This is the X20 K4789
continuous drive mentioned earlier. f C236

X0 does not have to be included in D4

the program. The input assignment is

hardware related and cannot be changed by the user.

When X20 is OFF, coil C235 is turned OFF and coil C236 is turned ON. Counter C236 has
an assigned input of X1, again the input X20 is NOT the counted input. The assignment of
counters and input devices is dependent upon the PLC selected. This is explained in the
relevant, later sections.
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Driving high speed counter coils:

* The counted inputs are NOT used to drive the
high speed counter caoils.

This is because the counter coils need to be
continuously driven ON to reserve the
associated high speed inputs. Therefore, a

normal non-high speed drive contact should be used to drive the high speed counter coil.
Ideally the special auxiliary contact M8000 should be used. However, this is not

compulsory.

4.11.2 Availability of High Speed Counters

The following device table outlines the range of available high speed counters.

'L 1 Phase counter 1 Pl;?s?g(:;l;mer 2 P_ha_se cgunter AJB Phase counter
P user start/reset startireset bi-directional

S HEHEEEEEEEEEEEBEEEBEEEE
Tlal g 9|88/ 8|28 &5 R &8 288823388
X0 |[U/D u/D u/D uUuju u AlA A

X1 u/D R R D|D D B|B B
X2 u/D umD u/D R R R R
X3 u/D R R U u A A
X4 u/D u/D D D B B
X5 U/ R R R R R
X6 S S S
X7 S S s

Key: U- up counter input D- down counter input
R- reset counter (input) S- start counter (input)

A- A phase counter input B- B phase counter input

@I - Counter is backed up/latched

Input assignment:

* X6 and X7 are also high speed inputs, but function only as start signals. They
cannot be used as the counted inputs for high speed counters.
* Different types of counters can be used at the same time but their inputs must not
coincide. For example, if counter C247 is used, then the following counters and
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instructions cannot be used; C235, C236, C237, C241, C242, C244, C245, C246, C249,
C251, C252, C254, 10101, 100,120

Counter Speeds:

* General counting frequencies:

- Single phase and bi-directional counters; up to 10 kHz.

- A/B phase counters; up to 5 kHz.

- Maximum total counting frequency (A/B phase counter count twice)

: .+ For Inputs X0 and X1 are equipped with special hardware that allows higher

speed counting as follows:

- Single phase or bi-directional counting (depending on unit) with C235, C236 or C246; up
to 60 kHz.

- Two phase counting with C251; up to 30 kHz

4.11.3 1 Phase Counters - User Start and Reset (C235 - C240)

These counters only use one input each.

When direction flag M8235 is ON, counter C235 counts down. When it is OFF, C235
counts up.

When X11 is ON, C235 resets to O (zero). All

contacts of the counter C235 are also reset.

When X12 is ON, C235 is selected. From the

previous counter tables, the corresponding

counted input for C235 is X0. C235 therefore

counts the number of times X0 switches from

OFF to ON.

Device specification:

* All of these counters are 32bit up/down ring counters. Their counting and contact
operations are the same as normal 32bit up/down counters described. When the counters
current value reaches its maximum or setting value, the counters associated contacts are
set and held when the counter is counting upwards. However, when the counter is
counting downwards the contacts are reset.

Setting range:

* -2,147,483,648 to +2,147,483,647

Direction setting:

* The counting direction for 1 phase counters is dependent on their corresponding flag
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M8 s ¥ Y ;wherev ¥ Yris the number of the corresponding counter, (C235 to C240).
When M8+ ¥t ¥cis ON the counter counts down,
When M85 ¥ Ycis OFF the counter counts up.

Using the SPD instruction:

* Care should be taken when using the SPD applied instruction. This instruction has both
high speed counter and interrupt characteristics, therefore input devices X0 through X5
may be used as the source device for the SPD instruction. In common with all high speed
processes the selected source device of the SPD instruction must not coincide with any
other high speed function which is operating, i.e. high speed counters or interrupts using
the same input.

When the SPD instruction is used it is considered by the system to be a 1 phase high
speed counter. This should be taken into account when summing the maximum combined
input signal frequencies - see the previous section.

4.11.4 1 Phase Counters - Assigned Start and Reset (C241 to C245)

These counters have one countable input and 1

reset input each. Counters C244 and

C245 also have a start input.

When the direction flag M8245 is ON, C245 counts

down. When it is OFF C245 will count up.

When X14 is ON, C245 resets in the same manner

as normal internal 32bit counters, but C245 can

also be reset by input X3. This is assigned

automatically when counter C245 is used (see previous counter tables).

Counter C245 also has an external start contact, again automatically assigned. This is
actually input X7. Once again this data can be found on the previous counter tables. When
X7 is ON, C245 starts counting, conversely when X7 is OFF C245 stops counting. The
input X15 selects and reserves the assigned inputs for the selected counter, i.e. in this
case C245.

The reason why these counters use assigned start (X7) and reset (X3) inputs is because
they are not affected by the cycle (scan) time of the program. This means their operation
is immediate and direct.

In this example C245 actual counts the number of OFF to ON events of input X2.

Note: Because C245 is a 32bit counter, its setting data, specified here by a data register
also has to be of a 32bit format. This means that data registers D1 and DO are used as a
pair to provide the 32bit data format required.

: Device specification:
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* All of these counters are 32bit up/down ring counters. Their counting and contact
operations are the same as normal 32bit up/down counters described on chapter 4-21.
When the counters current value reaches its maximum or setting value, the counters
associated contacts are set and held when the counter is counting upwards.

However, when the counter is counting downwards the contacts are reset.

Setting range:

» -2,147,483,648 to +2,147,483,647

Direction setting:

* The counting direction for 1 phase counters is dependent on their corresponding flag
M8 vx vk ;wherevs ¥¢ ¥ris the number of the corresponding counter, (C241 to C245).

- When M85 ¥¢ v¢is ON the counter counts down.

- When M85 ¥ vris OFF the counter counts up.

4.11.5 2 Phase Bi-directional Counters (C246 to C250)

These counters have one input for counting up and one input for counting down. Certain
counters also have reset and start inputs as well.

When X10 is ON, C246 resets in the same way as standard 32bit counters. Counter C246
uses inputs;

X0 to count up and

X1 to count down

For any counting to take place the drive input

X11 must be ON to set and reserve the

assigned inputs for the attached counter, i.e.

C246. Note:

X0 moving from OFF to ON will increment

C246 by one

X1 moving from ON to OFF will decrement C246 by one

Bi-directional counter C250 can be seen to have

X5 as its reset input and X7 as its start input.

Therefore, a reset operation can be made

externally without the need for the RST C250

instruction.

X13mustbeONtoselectC250.Butstart input X7 must be ON to allow C250 to actually count.
If X7 goes OFF counting ceases.

Counter C250 uses input X3 to count up and input X4 to count down.

: Device size:

* All of these counters have 32bit operation.
Setting range:
» -2,147,483,648 to +2,147,483,647
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Direction setting:

* The counting direction for 1 phase counters is dependent on their corresponding flag
M8 ¥x Y ;wherevs ¥ ¥ris the number of the corresponding counter, (C241 to C245).

- When M85 ¥¢ ¥¢is ON the counter counts down,

- When M85 ¥ vris OFF the counter counts up.

4.11.6 A/B Phase Counters (C252 to C255)

With these counters only the input identified in the previous high speed counter tables can
be used for counting. The counting performed by these devices is independent of the
program cycle (scan) time. Depending on the counter

used, start, reset and other associated inputs are

automatically allocated.

The A phase, B phase input signal not only provide the

counted signals but their relationship to each other will

also dictate the counted direction.

While the wave form of the A phase is in the ON state

and... the B phase moves from OFF to ON the counter

will be counting up. However, if... the B phase moves

from ON to OFF the counter will be in a down

configuration.

One count is registered after both A and B phase

inputs have been given and released in the correct order.

C251 counts the ON/OFF events of input X0 (the A
phase input) and input X1 (the B phase input) while
X11 is ON.

C255 starts counting immediately when X7 is turned
ON while X13 is ON. The counting inputs are X3 (A
phase) and X4 (B phase). C255 is reset when X5 is
turned ON. It can also be reset with X12 in the
sequence.

: Device specification:

* Amaximum of 2 points - 2 phase, 32bit, up/down counters can be used. The operation
of the output contact in relation to the counted data is the same as standard 32bit counters
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described in section 4.11.

Setting range:

* -2,147,483,648 to +2,147,483,647

Direction setting:

* Check the corresponding special relay M8[[to determine if the counter is counting
up or down.

4.12 Data Registers

Device Mnemonic: D
Purpose: A storage device capable of storing numeric data or 16/32bit patterns
Alias:  Data (register/ device/ word)

D (register)

D

Word
Devices numbered in: Decimal, i.e. DO to D9, D10 to D19
Further uses: Can be used in the indirect setting of counters and timers
Example device usage: None

Available devices:

HCA2
General use 128 (DO - 127)
registers
Latched registers 7872 (D128 -
7999)
Diagnostic 256 (D8000 -
registers 8255)
File registers R 7000 (D1000 -
7999)
Adjustable 2 (D8030 - 8031)
registers F

R - These devices are allocated by the user at the expense of available program steps.
On these devices are a subset of the latched registers.
F - These devices are also included under the count for diagnostic registers

4.12.1 General Use Registers

Data registers, as the name suggests, store data. The stored data can be interpreted as a
numerical value or as a series of bits, being either ON or OFF.
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A single data register contains 16bits or one word. However, two consecutive data
registers can be used to form a 32bit device more commonly known as a double word. If
the contents of the data register is being considered numerically then the Most Significant
Bit (MSB) is used to indicate if the data has a positive or negative bias. As bit devices can
only be ON or OFF, 1 or 0 the MSB convention used is, 0 is equal to a positive humber
and 1 is equal to a negative number.

) DO i
k= [[[[TTTTTITTTITTT[]
@ LO:@
‘tk 1:©| MSB - Most Significant Bit

LO:@
1:@

MSB - Most Significant Bit

The diagram above shows both single and double register configurations. In the diagram,
at point®), it should be noted that the ‘lower’ register DO no longer has a ‘Most Significant
Bit'. This is because it is now being considered as part of a 32bit-double word. The MSB
will always be found in the higher 16 bits, i.e. in this case D1. When specifying a 32 bit
data register within a program instruction, the lower device is always used e.g. if the
above example was to be written as a 32bit instructional operand it would be identified as
DO0. The second register, D1, would automatically be associated.

Once the data is written to a general data register, it remains unchanged until it is
overwritten.

When the PLC is turned from RUN to STOP all of the general data registers have their
current contents overwritten with a O (zero).

Data retention:

» Data can be retained in the general use registers when the PLC is switched from RUN
to STOP if special auxiliary relay M8033 is ON.

Data register updates:

* Writing a new data value to a data register will result in the data register being updated
with the new data value at the end of the current program scan.
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4.12.2 Battery Backed/ Latched Registers

Once data is written to a battery backed register, it remains unchanged until it is
overwritten. When the PLC’s status is changed from RUN to STOP, the data in these
registers is retained.

The range of devices that are battery backed can be changed by adjusting the parameters
of the PLC. For details of how to do this please refer to the appropriate programming tools
manual.

4.12.3 Special Diagnostic Registers

Special registers are used to control or monitor various modes or devices inside the PLC.
Data written in these registers are set to the default values when the power supply to the
PLC is turned ON.

- Note: When the power is turned ON, all registers are first cleared to O (zero) and then
the default values are automatically written to the appropriate registers by the system
software. For example, the watchdog timer data is written to D8000 by the system
software. To change the setting, the user must write the required value over what is
currently stored in D800O0.

Data stored in the special diagnostic registers will remain unchanged when the PLC is
switched from STOP mode into RUN.

@ Use of diagnostic registers:

* On no account should unidentified devices be used. If a device is used, it should only be
for the purpose identified in this manual. Please see chapter 6 for tables containing data
and descriptions of the available devices for each PLC.

4.12.4 File Registers

Program memory registers

File registers can be secured in the program memory (EEPROM or EPROM) in units of
500 points. These registers can be accessed with a peripheral device. While the PLC is
operating, data in the file registers can be read to the general-use/ battery backed/ latched
registers by using the BMOV instruction.

File registers are actually setup in the parameter area of the PLC. For every block of 500
file registers allocated and equivalent block of 500 program steps are lost.

Note: The device range for file registers in the HCA2,and  overlaps with the latched
data registers. The allocation of these devices as file registers ensures that the data is
kept with the program.
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Writing to file registers:

For details of how to carry out the changes please reference the relevant operation
manual for guidance.

* HCAA2, file register data can also be changed by the PLC program using the BMOV
instruction.

* No file registers can be modified during RUN

* Please refer to chapters 6 and 8, where further details of the available devices can be
found.

Available devices:

4.12.5 Externally Adjusted Registers

The HCAZhave built in “setting pots” which are used to adjust the contents of certain
dedicated data registers. The contents of these registers can

range from O to 255. This is a built in feature and requires no

additional setup or programming.

The do not have this feature, however, an additional

special function unit is available which provides the same

function. The unit required is the -8AV-BD. For use, this

unit requires the applied instructions VRRD function 85

(Volume Read) and VRSC function 86 (Volume Scale).

Uses:

* This facility is often used to vary timer settings, but it can be used in any application
where a data register is normally found, i.e. setting counters, supplying raw data, even
selection operations could be carried out using this option.

4.13 Index Registers

Device Mnemonic: V,Z
Purpose: To modify a specified device by stating an offset.
Alias: (V/ Z) Register
Index (register/ addressing/ modifier)
Offset(s) (register/ addressing/ modifier)
Indices
Modifier

Available forms:
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For 16bit data VV or Z
(2 devices)
For 32bit data VV and Z combined
(1 device - Z is specified)
Operation is similar to data registers

Devices numbers: 16 devices VO - V7 and Z0 - Z7

Further uses: Can be used to modify the following devices under certain conditions;

X, Y, M, S, P, T,C,D, K, H, KnX, KnY, KnM, KnS

Example device usage:

The program shown right transfers data from D5V to D10Z.

If the data contained in register V is equal to 8 and the data in register Z is equal to 14,
then:

V=8

D5V

D5 +8 =1301D13

Z=14

D10z

D10 + 14 = 240D24

Hence, the actual devices used after the modifiers V and Z have been taken into account
are;

D13 and D24 and not D5 and D10 respectively.

Use of Modifiers with Applied Instruction Parameters:

* All applied instruction parameters should be regarded as being able to use index
registers to modify the operand except where stated otherwise.

4.13.1 Modifying a Constant

Constants can be modified just as easily as data registers or bit devices. If, for example,
the constant K20 was actually written K20V the final result would equal:

K20 + the contents of V

Example:

K 20

IfV = 3276 then K20V =Y (3276)
3296

4.13.2 Misuse of the Modifiers

Modifying Kn devices when Kn forms part of a device description such as KnY is not

possible,
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i.e. while the following use of modifiers is permitted,;
K3Z
K1M10V
Y20Z
Statements of the form:
K4zY30
are not acceptable.

* Modifiers cannot be used for parameters entered into any of the 20 basic
instructions, i.e. LD, AND, OR etc.

4.13.3 Using Multiple Index Registers

The use of multiple index registers is sometimes necessary in larger programs or
programs which handle large quantities of data. There is no problem from the PLC’s point
of view in using both V and Z registers many times through out a program. The point to be
aware of is that it is sometimes confusing for the user or a maintenance person reading
such programs, as it is not always clear what the current value of V or Z is.

Example:

V=10 (K10)

Z =20 (K20)

D5V =D15 (D5 +V =D5+ 10 = D15)

D15Z = D35 (D15 + Z = D15 + 20 = D35)

D40Z = D60 (D40 + Z = D40 + 20 = D60)

Both V and Z registers are initially set to K10 and

K20 respectively.

The contents of D15 is added to that of D35 and

store in D60.

V is then reset to 0 (zero) and both V and Z are used in the double word addition (DADD).
The contents of D1, DO are then added to D3, D2 and then finally stored in D25, D24.

4.14 Bits, Words, BCD and Hexadecimal

The following section details general topics relating to good device understanding. The
section is split into several smaller parts with each covering one topic or small group of
topics. Some of the covered topics are;

Available devices:

* For PLC specific available devices please see chapter 8.
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4.14.1 Bit Devices, Individual and Grouped

Devices such as X, Y, M and S are bit devices. Bit devices are bi-stable, this means there
are only two states, ON and OFF or 1 and 0. Bit devices can be grouped together to form
bigger representations of data, for example 8 consecutive bit devices are some-times
referred to as a byte. Furthermore, 16 consecutive bit devices are referred to as a word
and 32 consecutive bit devices are a double word.

The PLC identifies groups of bit devices which should be regarded as a single entity by
looking for a range marker followed by a head address. This is of the form KnP where
Prepresents the head address of the bit devices to be used. The Kn portion of the
statement identifies the range of devices
enclosed.“n”canbeanumberfromtherangeOto8.Each“n” digit actual represents 4 bit
devices, i.e K1 =4 bit devices and K8 = 32 bit devices. Hence all groups of bit devices are
divisible by 4.

The diagram and example on the following page explain this idea further........

Assigning grouped bit devices:

As already explained, bit devices can be grouped into 4 bit units. The“n”in KnMO defines
the number of groups of 4 bits to be combined for data operation. K1 to K4 are allowed for
16bit data operations but K1 to K8 are valid for 32bit operations.

K2MO, for example identifies 2 groups of 4 bits; MO to M3 and M4 to M7, giving a total of 8
bit devices or 1 byte. The diagram below identifies more examples of Kn ruse.

X37X36 X35X34X33 X32X31X30  X16X15X14X13X12X11X10 X7 X6 X5 X4 X3 X2 X1 X0
lo[1]ofofol1]o[ %  JoJo[t[1][of1]ofo[1][1]o[1][1]0]

K1X6 K1X0

K3X0

K8X0

K1XO0 : X0 to X3—4 bit devices with a head address of X0
K1X6 : X6 to X11—4 hit devices with a head address of X6
K3XO0 : X0 to X13—12 bit devices with a head address of X0
K8XO0 : X0 to X37—32 hit devices with a head address of X0

Moving grouped bit devices:

* If a data move involves taking source data and moving it into a destination which is
smaller than the original source, then the overflowing source data is ignored. For example;
If K3M20 is moved to K1MO then only M20 to M23 or K1M20 is actually moved. The
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remaining data K2M24 or M24 to M31 is ignored.

Assigning I/O:

* Any value taken from the available range of devices can be used for the head address

‘marker’ of a bit device group. However, it is recommended to use a 0 (zero) in the
lowest digit place of X and Y devices (X0, X10, X20.....etc). For M and S devices, use of a
multiple of“8”is the most device efficient. However, because the use of such numbers may
lead to confusion in assigning device numbers, it recommended to use a multiple of “10”.
This will allow good correlation to X and Y devices.

4.14.2 Word Devices

Word devices such as T, C, D, V and Z can store data about a particular event or action
within the PLC. For the most part these devices are 16 bit registers. However, certain
variations do have 32 bit capabilities, as can pairs of consecutive data registers or
combined V and Z registers.

It may seem strange to quote the size of a word device in bits. This is not so strange when
it is considered that the bit is the smallest unit of data within the PLC. So by identifying
everything in bit format a common denomination is being used, hence comparison etc is
much easier.

Additional consequences of this bit interpretation is that the actual data can be interpreted
differently. The physical pattern of the active bits may be the important feature or perhaps
the numerical interpretation of the bit pattern may be the key to the program. It all comes
down to how the information is read.

4.14.3 Interpreting Word Data

As word data can be read in many ways the significance of certain parts of the word data
can change. PLC’s can read the word data as:

- Apure bit pattern

- Adecimal number

- Ahexadecimal number

- Or as aBCD (Binary Coded Decimal) number

The following examples will show how the same piece of data can become many different
things depending wholly on the way the information is read or interpreted.

a) Considering a bit pattern

The following bit pattern means nothing - it is simply 16 devices which have two states.
Some of the devices are randomly set to one of the states. However, if the header notation
(base 2) is added to the 16 bit data the sum, decimal, total of the active bits can be
calculated, e.g.,
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>

MSB 214 213912911 51058 98 o7 96 o5 o4 53 52 51 o0
1{0|0|1|1{1{1]0|0]1|{1]1]0]|1]0]1

Decimal value = @22x 1)+ (22x 1)+ (24 x 1)+ (25x 1)
H25x 1)+ (22x 1)+ (20x 1)+ (211 x 1) + (212 x 1)
Decimal value = 7797

This is in fact incorrect!

There is one bit device which has been shaded in. If its header notation is studied carefully
it will be noted that it says MSB. This is the Most Significant Bit. This single bit device will
determine if the data will be interpreted as a positive or negative number. In this example
the MSB is equal to 1. This means the data is negative.

The answer however, is not -7797.

The reason this is not -7797 is because a negative value is calculated using two’s
compliment (described later) but can quickly be calculated in the following manner:
Because this is a negative number, a base is set as -32768. This is the smallest number
available with 16bit data. To this the positive sum of the active bits is added, i.e. -32768 +
7797.

The correct answer is therefore -24971.

Remember this is now a decimal representation of the original 16 bit - bit pattern. If the
original pattern was re-assessed as a hexadecimal number the answer would be different.

b) A hexadecimal view
Taking the same original bit pattern used in point a) and now adding a hexadecimal
notation instead of the binary (base 2) notation the bit patterns new meaning becomes:

Lfefofefefefefofol e [ef ol  o]]
8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 A1
Lefefolofefefefolofefefefolefeft]

Hexadecimal value = ((1x8) + (1 x 1)), ((1x8) + (1x4)+(1x2)),
(Tx4)+(1x2)+(1x1)), (1x4)+(1x1))

Hexadecimal value = 9E75

Two things become immediately obvious after a hexadecimal conversion. The first is that
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there is sign bit as hexadecimal numbers are always positive.

The second is there is an "E" appearing in the calculated data. This is actually acceptable
as hexadecimal counts from 0 to 15. But as there are only ten digits (O to 9), substitutes
need to be found for the remaining base 16 numbers, i.e. 10, 11, 12, 13, 14 and 15. The
first six characters from the alphabet are used as the replacement indices, e.g. Ato F
respectively.

As a result of base 16 counting, 4 binary bits are required to represent one base 16 or
hexadecimal number. Hence, a 16 bit data word will have a 4 digit hexadecimal code.

There is actually a forth interpretation for this bit sequence. This is a BCD or Binary Coded
Decimal reading. The following section converts the original bit pattern into a BCD format.

¢) ABCD conversion
Using the original bit pattern as a base but adding the following BCD headers allows the
conversion of the binary data into a BCD format.

It will be noticed that this will produce an ERROR. The conversion will not be correct. This
is because BCD numbers can only have values from 0 to 9, but the second block of 4 bit
devices from the left would have a value of 14. Hence, the error.

The conversion process is very similar to that of hexadecimal except for the mentioned
limit on values of 0 to 9. If the other blocks were converted just as an example the
following values would be found;

Extreme Left Hand Block= ((1x8) + (1x1)) =9
Second Right Hand Block= ((1x4) + (1x2) + (1x1)) =7
Extreme Right Hand Block= ((1x4) + (1x1)) =5

BCD data is read from left to right as a normal number would be read. Therefore, in this
example the*9”would actually represent“9000”. The second right hand block is actually
“70"not“7”. The units are provided by the extreme right hand block, i.e. 5. The hundreds
“100’s"would have been provided by the second left hand block (which is in error). It is
also important to note that there is no sign with BCD converted data. The maximum
number allowable for a single data word is“9999”and the minimum is“0000”.
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Word Data Summary
In each of the previous cases the original bit pattern had a further meaning. To recap the
three new readings and the original bit pattern.

Decimal : -24971
Hexadecimal : 9E75
BCD: Error (9?75)

Each meaning is radically different from the next yet they are all different ways of
describing the same thing. They are in fact all equal to each other!

4.14.4 Two’s Compliment

Programmable controllers, computers etc, use a format called 2’s compliment. This is a
mathematical procedure which is more suited to the micro processors operational
hardware requirements. It is used to represent negative numbers and to perform
subtraction operations.

The procedure is very simple, in the following example“15 - 7”is going to be solved:

Stepl: Find the binary values (this example uses 8 bits)
15 =00001111
7 = 00000111

Step2: Find the inversion of the value to be subtracted.
Procedure: invert all 1istoQis and all Oisto1’s.

7 = 00000111

Inverted 7 = 11111000

Step3: Add 1 to the inverted number.

Procedure: add 1 to the right hand most bit. Remember this is binary addition hence,
when a value of 2 is obtained 1 is moved in to the next left hand position and the
remainder is set to 0 (zero);

Inverted?7 11111000

Additionall 00000001

Answer 11111001

This result is actually the same as the negative value for 7 i.e. -7.

Step4:Add the answer to the number the subtraction is being made from (i.e. 15).
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Procedure: Remember 1+1 = 0 carry 1 in base 2 (binary).

Original value 15 00001111
Answer found in step3 11111001
Solution (1) 00001000

The*(1)is a carried “1”and is ignored as this example is only dealing with 8 bits.

Step 5:Convert the answer back.

00001000 =8

The answer is positive because the MSB (the most left hand bit) is a 0O (zero). If a quick
mental check is made of the problem it is indeed found that“15-7 = 8.

In fact no subtraction has taken place. Each of the steps has either converted some data
or performed an addition. Yet the answer is correct 15 - 7 is 8. This example calculation
was based on 8 bit numbers but it will work equally well on any other quantity of bits.

4.15 Floating Point And Scientific Notation

PLC’s can use many different systems and methods to store data.

The most common have already been discussed in previous sections e.g. BCD, Binary,
Decimal, Hex. These are what is known as ‘integer’ formats or ‘whole number formats’.
As the titles suggest these formats use only whole numbers with no representation of
fractional parts. However, there are two further formats which are becoming increasingly
important and they are:

a) Floating point and

b) Scientific notation

Both of these formats are in fact closely related. They both lend themselves to creating
very large or very small numbers which can describe both whole and fractional
components.

General note:

* Sometimes the words‘Format’, ‘Mode’ and‘Notation’ are interchanged when
descriptions of these numerical processes are made. However, all of these words are
providing the same descriptive value and as such users should be aware of their
existence.

Some useful constants
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n 3.141 % 100

2n 6.283 X 100

/4 7.853 X 101

n2 9.869 x 100

The speed of light 2.997 X 108 m/s
Gravity, g 9.807 X 100 m/s?

e 2.718 X 100

Fixed points:

Boiling point of liquid oxygen -1.8297 X 102°C
Melting point of ice 0.00 X 100°C
Triple point of water 1.00 X 10-2°C
Boiling point of water 1.00 X 102°C

4.15.1 Scientific Notation

This format could be called the step between the ‘integer’ formats and the full floating
point formats. In basic terms Scientific Notation use two devices to store information about
a number or value. One device contains a data string of the actual characters in the
number (called the mantissa), while the second device contains information about the
number of decimal places used in the number (called the exponent). Hence, Scientific
Notation can accommodate values greater/smaller than the normal 32 bit limits, i.e.
-2,147,483,648 to 2,147,483,647 where Scientific Notation limits are;
Maximums Minimums

9999*10% 9999*10*

-9999*10%*°  -9999*10™*
The following points should be remembered about the use of Scientific Notation within
appropriate PLC units;
* The mantissa and exponent are stored in consecutive data registers.

Each part is made up of 16 bits and can
be as_5|g_ned a positive or negative EXPONENT MANTISSA
value indicated by the value of the most Data Register D+1 Data Register D
significant bit (MSB, or bit 15 of the | 015 b0/b15 : b0
data register) for each number. l | e | | | I ............ i I |
* The mantissa is stored as the first 4 L Sign bit (MSB) L ?igﬂ bit (MSB)

I . . . 1= Negative = Negative
significant flgur'es WIthOUF any rfnundmg 0 = Positive 0= Positive
of the number, i.e. a floating point

number of value

2.34567*10°wouldbestoredasa mantissa of 2345 at data register D and an exponent of 0
(zero) at data register D+1.

* The range of available mantissa values is 0, 1000 to 9999 and -1000 to -9999.

* The range of available exponent values is +35 through to -41.

* Scientific format cannot be used directly in calculations, but it does provide an ideal
method of displaying the data on a monitoring interface.
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4.15.2 Floating Point Format

Floating point format extends the abilities and ranges provided by Scientific Notation with
the ability to represent fractional portions of whole numbers, for example;

Performing and displaying the calculation of 22 divided by 7 would yield the following
results:

a) Normal HC operation using decimal (integers) numbers would equal 3 remainder 1
b) In floating point it would equal 3.14285 (approximately)
c) In Scientific format this calculation would be equal to 3142*107

So it can be seen that a greater degree of accuracy is provided by floating point numbers,
i.e. through the use of larger numerical ranges and the availability of more calculable
digits.

Hence, calculations using floating point data have some significant advantages. Decimal
data can be converted in to floating point by using the FLT, float instruction (FNC 49).
When this same instruction is used with the float fag M8023 set ON, floating point
numbers can be converted back to decimal..

The following points should be remembered about the use of Floating Point within
appropriate PLC units.

* Floating point numbers, no matter what numerical value, will always occupy two
consecutive data registers (or 32 bits).

* Floating point values cannot be directly monitored, as they are stored in a special
format recommended by the I.E.E.E (Institute of Electrical and Electronic Engineers) for
personal and micro computer applications.

* Floating point numbers have both mantissa and exponents (see Scientific Notation for
an explanation of these terms). In the case

of floating point exponents, only 8 bits are Data Ragister Contruction
<t T 5
used b15 (E%ams} o tjfﬂE E%amsj o b
Additionally there is a single sign bit for the ' I'?:‘E’:"'u o '%Ei%' HHEH
1=
mantissa. The remaining bits of the 32 bit [ < X

Floating Point Formsat

value, i.e. 23 bits, are used to ‘describe’ the
mantissa value.

Valid ranges for floating point numbers as used in Main Processing Units:
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Exponent Mantissa
(bit pattern) (bit pattern)
M111111111111111111111
11111110 11111111111111111111110
00000001 |00000000000000000000001
00000000000000000000000

Zero 0 or1 | 00000000 |00000000000000000000000 All digits are 0 (zero)

Description | Sign Remark

Largest number +/- 3.403 X 1038
Accuracy: 7 significant figures
Smallest number +/- 1.175 X 10-38

Normal Float |0 or 1

4.15.3 Summary Of The Scientific Notation and Floating Point Numbers

The instruction needed to convert between each number format are shown below in a
diagrammatically format for quick and easy reference.

View as either integer of Use to view the
hexadecimal mantissa and
Perform all mathematical exponent of a floating
operations as normal point number as
(MB023 OFF) integer values

Perform all mathematical operations using the special
floating point instructions using double word format
Integers (DEADD, DESUB, DEMUL, DEDIV, DESQR, etc.)

(16 or 32 bit)
(Data registers) |

Floating Point
Numbers
{1732 bit)

Scientific
Notation
(2 16 bit)

5. Applied Instructions

allow the user to perform complex data manipulations, mathematical operations while still
being very easy to program and monitor. Each applied instruction has unique mnemonics
and special function numbers. Each applied instruction will be expressed using a table
similar to that shown below:

Applied Instructions are the ‘specialist’ instructions of the family of PLC’s. They
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Operands

Mnemonic Function D Program steps
CJ A method of Valid pointers from the range 0 to 63 CJ,CJP:3steps
FNC 00 jumping to an
(Conditional |identified pointer Jump pointer
Jump) position P<e<:1 step

The table will be found at the beginning of each new instruction description. The area
identified as ‘Operands’ will list the various devices (operands) that can be used with the
instruction.

Various identification letters will be used to associate each operand with its function, i.e.
D- destination, S- source, n, m- number of elements. Additional numeric suffixes will be
attached if there are more than one operand with the same function.

Not all instructions and conditions apply to all PLC’s. Applicable CPU’s are identified by
the boxes in the top right hand corner of the page. For more detailed instruction variations
a second indicator box is used to identify the availability of pulse, single (16 bit) word and
double (32 bit) word format and to show any flags that are set by the instruction.

16 BIT OPERATION 32 BIT OPERATION PULSE-P

No modification of the instruction mnemonic is required for 16 bit operation. However,
pulse operation requires a‘P’ to be added directly after the mnemonic while 32 bit
operation requires a‘D’ to be added before the mnemonic. This means that if an instruction
was being used with both pulse and 32 bit operation it would look like..... D ¥¢ ¥<P where
<Y< Yewas the basic mnemonic.

The ‘pulse’ function allows the associated instruction to be activated on the rising edge of
the control input. The instruction is driven ON for the duration of one program scan.
Thereafter, while the control input remains ON, the associated instruction is not active. To
re-execute the instruction the control input must be turned from OFF to ON again. The
FLAGS section identifies any flags that are used by the instruction. Details about the
function of the flag are explained in the instructions text.

..: * For instructions that operate continuously, i.e. on every scan of the program the

instruction will operate and provide a new, different result, the following identification

symbol will be used ¥’ [ ’to represent a high speedchanging state. Typical instructions
covered by this situation have a strong incremental, indexable element to their operation.
* In most cases the operands of applied instructions can be indexed by a users program.

For those operands which cannot be indexed, the symbol 2" has been used to signify an

operand as being ‘fixed’ after it has been written.
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* Certain instructions utilize additional data registers and/or status flags for example
a math function such as ADD (FNC 20) can identify a zero result, borrow and carry
conditions by using preset auxiliary relays, M8020 to M8021 respectively.

Applied Instructions:
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FNC 00- 09

FNC 30- 39

FNC 40 - 49

FNC 60 - 69

FNC 80 - 89

FNC 130-139

FNC 140-149

|

FNC 150-159

FNC 160-169

FNC 180-189

FNC 220-249

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/O Devices
External FX Serial Devices
Floating Point 1 & 2
Trigonometry (Floating Point 3)
Data Operations 2
Positioning Control

Real Time Clock Control
Gray Codes

Additional Functions

In-line Comparisons

5.1 Program Flow-Functions 00 to 09

Symbols list:

D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
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5-24
5-34
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5-66
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5-94

5-110
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5-126

5-136
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Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y< Y- An instruction operating in 16 bit mode, where Y¢¥<¥ridentifies the instruction
mnemonic.

Y5 %P - A16 bit mode instruction modified to use pulse (single) operation.

D % ¥<- An instruction modified to operate in 32 bit operation.

D¥¢¥¢¥ P -A32 bit mode instruction modified to use pulse (single) operation.

+ - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

- An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or
will have no effect to the value of the operand.

5.1.1 CJ (FNC 00)

) . Operands
Mnemonic Function D Program steps
CJ Jumps to the Valid pointers from the range 0 to 63 CJ, CJP:3steps
FNC 00 identified pointer Jump pointer
(Conditional | position Pe<%: 1 step
Jump)
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X20 [D] Operation:
[ CJ [ PO ] When the CJ instruction is active it forces the
program to jump to an identified program marker.
P9I | While the jump takes place the intervening
pro-gram steps are skipped. This means they are

not processed in any way. The resulting effect is to
speed up the programs operational scan time.
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Points to note:

a) Many CJ statements can reference a single pointer.

b) Each pointer must have a unique number. Using

pointer P63 is equivalent to jumping to the END

instruction.

¢) Any program area which is skipped, will not update

output statuses even if the input devices change.

For example, the program opposite shows a
situationwhichloadsX1todriveY1.AssumingX1 is ON and

the CJ instruction is activated the load X1, out Y1 is

skipped. Now even if X1 is turned OFF Y1 will remain

ON while the CJ instruction forces the program to skip to

the pointer PO. The reverse situation will also apply, i.e. if

X1 is OFF to begin with and the CJ instruction is driven,

Y1 will not be turned ON if X1 is turned ON. Once the CJ

instruction is deactivated X1 will drive Y1 in the normal

manner. This situation applies to all types of outputs, e.g. SET, RST, OUT,Y, M & S
devices etc.

d) The CJ instruction can jump to any point within the main program body or after an
FEND instruction.

e) A CJ instruction can be used to Jump forwards

through a program, i.e. towards the END instruction

OR it can jump backwards towards step 0. If a

backwards jump is used care must be taken not to

overrun the watchdog timer setting otherwise the PLC will enter an error situation.

f) Unconditional jumps can be entered by using special auxiliary coils such as M8000. In
thissituation while the PLC is in RUN the program will ALWAYS execute the CJ instruction
in an unconditional manner.

: IMPORTANT:

* Timers and counters will freeze their current values if they are skipped by a CJ
instruction. For example if Y1 in the previous program (see point ¢) was replaced by TO
K100 and the CJ instruction was driven, the contents of TO would not change/increase
until the CJ instruction is no longer driven, i.e. the current timer value would freeze. High
speed counters are the only exception to this situation as they are processed
independently of the main program.

Using applied instructions:
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* Applied instructions are also skipped if they are programmed between the CJ
instruction and the destination pointer. However, The PLSY (FNC 57) and PWM (FNC 58)
instructions will operate continuously if they were active before the CJ instruction was
driven, otherwise they will be processed, i.e. skipped, as standard applied instructions.

5.1.2 CALL (FNC 01)

i . Operands
Mnemonic Function B Program steps
CALL Executes the Valid pointers from the range 0 to 62 CALL, CALLP:
FNC 01 subroutine 3 step
(Call sub- program starting | Nest levels: 5 including the initial CALL Subroutine pointer
routine) at the identified Ptk 1 steps
pointer position
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
When the CALL instruction is active it
_}fP m&_ forces the program to run the subroutine
' . associated with the called pointer (area
: identified as subroutine P10). A CALL
P10 FEND instruction must be used in conjunction
. 02) instructions. The program jumps to
. the subroutine pointer (located after an
{SRETH . .p (
FEND instruction) and processes the

contents until an SRET instruction is

encountered. This forces the program flow back to the line of ladder logic immediately
following the original CALL instruction.

Points to note:

a) Many CALL statements can reference a single subroutine.
b) Each subroutine must have a unigue pointer number. Subroutine pointers can be
selected from the range PO to P62. Subroutine pointers and the pointers used for CJ (FNC

00) instructions are NOT allowed to coincide.

¢) Subroutines are not normally processed as they occur after an FEND instruction. When
they are called, care should be taken not to overrun

the watchdog timer setting.
d) Subroutines can be nested for 5 levels including the
initial CALL instruction. As an example the program
shown opposite shows a 2 level nest.
When X1 is activated the program calls subroutine P11.

Within this subroutine

is a CALL to a second

subroutine P12. When both subroutines P11 and P12
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are active simultaneously, they are said to be nested. Once subroutine P12 reaches its
SRET instruction it returns the program control to the program step immediately following
its original CALL (see(). P11 then completes its operation, and once its SRET instruction
is processed the program returns once again to the step following the CALL P11
statement (see ).

Special subroutine timers:

* Because of the chance of intermittent use of the subroutines, if timed functions are
required the timers used must be selected from the range T192 to T199 and T246 toT249.

5.1.3 SRET (FNC 02)

; i Operands
Mnemonic Function D Program steps
SRET Returns operation | N/A SRET:
FNC 02 from a subroutine | Automatically returns to the step immediately |1 step
(Subroutine | program following the CALL instruction which activated
return) the subroutine.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

SRET signifies the end of the current subroutine and returns the program flow to the step
immediately following the CALL instruction which activated the closing subroutine.

Points to note:

a) SRET can only be used with the CALL instruction.

b) SRET is always programmed after an FEND instruction - please see the CALL (FNCO01)
instruction for more details.

5.1.4 IRET, EIl, DI (FNC 03, 04, 05)

Mnemonic Function Operands Program steps
D
IRET FNC 03 Forces the program to N/A Automatically returns | IRET:
(Interrupt return) return to the main program step | 1step
from the active interrupt which was being
routine processed at the time of
the interrupt call.
EIFNC 04 Enables interrupt N/A El:
(Enable inputs to be processed Any interrupt input being 1step
interrupts) activated after an El
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instruction and before
FEND or DI instructions
will be processed
immediately unless it has

been specifically disabled.

DI
FNC 05 (Disable

interrupts)

Disables the processing of

interrupt routines

N/A Any interrupt input
being activated after a DI
instruction and before an
El instruction will be
stored until the next
sequential El instruction is

processed.

Dl
1step

(Interrupt pointer)

Identifies the beginning of
an

interrupt routine

A 3 digit numeric code
relating to the interrupt

type and operation

[PAQAQAS
1step

General description of an interrupt routine:

An interrupt routine is a section of program which is, when triggered, operated
immediately interrupting the main program flow. Once the interrupt has been processed
the main program flow continues from where it was, just before the interrupt originally
occurred.

Operation:

Interrupts are triggered by different input conditions, sometimes a direct input such as X0
is used other times a timed interval e.g. 30 msec can be used. The availability of different
interrupt types and the number operational points for each PLC type are detailed on 4-12,
Interrupt Pointers. To program and operate interrupt routines requires up to 3 dedicated
instructions (those detailed in this section) and an interrupt pointer.

Defining an interrupt routine:

An interrupt routine is specified between its own

unigue interrupt pointer and the first occurrence

of an IRET instruction.

Interrupt routines are ALWAYS programmed

after an

FEND instruction. The IRET instruction may

only be used within interrupt routines.

Controlling interrupt operations:

The PLC has a default status of disabling interrupt operation. The El instruction must be
used to activate the interrupt facilities. All interrupts which physically occur during the
program scan period from the El instruction until the FEND or DI instructions will have
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their associated interrupt routines run. If these interrupts are triggered outside of the
enclosed range (EI-FEND or EI-DI, see diagram below) they will be stored until the El
instruction is processed on the following scan. At this point the interrupt routine will be run.

Enabled Interrupts
h
é . '
. DI é

Disabled Interrupts

Disabled Interrupts

Enabled Interrupts

1101 {FEND} 1301 FEND

Interrupt ¢ routine Interrupt routine
(IRET}— [RET)

If an individual interrupt is to be disabled its associated special M coil must be driven ON.
While this coil is ON the interrupt routine will not be activated. For details about the
disabling M coils see the PLC device tables in chapter 8.

Nesting interrupts:

Interrupts may be nested for two levels. This means that an interrupt may be interrupted
during its operation. However, to achieve this, the interrupt routine which may be further
interrupted must contain the El and DI instructions; otherwise as under normal operation,
when an interrupt routine is activated all other interrupts are disabled.

Simultaneously occurring interrupts:

If more than one interrupt occurs sequentially, priority is given to the interrupt occurring
first. If two or more interrupts occur simultaneously, the interrupt routine with the lower
pointer number is given the higher priority.

Using general timers within interrupt routines:

BRASILTEC PLC’s have a range of special timers which can be used within interrupt
routines. Timers Used in Interrupt and ‘CALL Subroutines.

Input trigger signals - pulse duration:

Interrupt routines which are triggered directly by interrupt inputs, such as X0 etc., require a
signal duration of approximately 200usec, i.e. the input pulse width is equal or greater
than200usec. When this type of interrupt is selected, the hardware input filters are
automatically reset to 50usec. (under normal operating circumstances the input filters are
set to 10msec.).

Pulse catch function:

Direct high speed inputs can be used to ‘catch’ short pulsed signals. When a pulse is
received at an input a corresponding special M coil is set ON. This allows the ‘captured’
pulse to be used to trigger further actions, even if the original signal is now OFF. HCA2,
units require the El instruction (FNC 04) to activate pulse catch for inputs X0 through X5,
with M8170 to M8175 indicating the caught pulse. Note that, if an input device is being
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used for another high speed function, then the pulse catch for that device is disabled.

Operands
Mnemonic Function D Program steps
FEND Used to indicate | N/A FEND:
FNC 06 the end of the Note: 1 step
(First end) main program Can be used with CJ (FNC 00), CALL (FNC 01)
block and interrupt routines

Operation:

An FEND instruction indicates the first end of a main program and the start of the program
area to be used for subroutines. Under normal operating circumstances the FEND
instruction performs a similar action to the END instruction, i.e. output processing, input
processing and watchdog timer refresh are all carried out on execution.

Points to note:

a) The FEND instruction is commonly used with CJ-P-FEND, CALL-P-SRET and I-IRET
program constructions (P refers to program pointer, | refers to interrupt pointer). Both
CALL pointers/subroutines and interrupt pointers (I) subroutines are ALWAYS
programmed after an FEND instruction, i.e. these program features NEVER appear in the
body of a main program.

0 0
‘1o [ - ‘i
OFF X10 - X11 C

- —CerTEz— ON | LA rereem{ | |OFF

e 210 L

ON
1100 Interrupt prog'
END END

b) Multiple occurrences of FEND instructions can be used to separate different
subroutines (see diagram above).

¢) The program flow constructions are NOT allowed to be split by an FEND instruction.

d) FEND can never be used after an END instruction.
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5.1.5 WDT (FNC 07)

(Watch dog  |timer during a
timer refresh) | program scan

program body

i . Operands
Mnemonic Function D Program steps
wDT Used to refresh N/A WDT, WDTP:
FNC 07 the watch dog Can be driven at any time within the main 1 step

operation) time is effectively increased.

Main program |:>
END

Program scan
time 120 msec

Points to note:

a) When the WDT instruction is used it will operate on every program scan so long as its

input condition has been made.

To force the WDT instruction to operate for only ONE scan requires the user to program

some form of interlock.

16 BIT OPERATION 32 BIT OPERATION PULSE-P
| X0 Operation:
| J| |l WDT 4‘ The WDT instruction

—Main program pt1—

— ————{WDTH

— Main program pt2—

b) The watchdog timer has a default setting of
200 msec. This time limit may be customized to
a users own requirement by editing the
contents of data register D8000, the watchdog

timer register.

100

END

refreshes the PLC’s
watchdog timer. The watchdog timer checks
that the program scan (operation) time does not exceed an arbitrary time limit. It is
assumed that if this time limit is exceeded there is an error at some point. The PLC will
then cease operation to prevent any further errors from occurring. By causing the
watchdog timer to refresh (driving the WDT instruction) the usable scan (program

Program(pt1) scan
time 60 msec

!

Program(pt2) scan
time 60 msec




fec

intelligent solutions worldwide

5.1.6 FOR, NEXT (FNC 08, 09)

i ) Operands
Mnemonic Function S Program steps
FOR Identifies the start K, H, FOR:
FNC 08 position and the KnX, KnY, KnM, KnS, 3 step
(Start of a number of TC,D,V,.Z
FOR-NEXT |repeats for the
loop) loop
NEXT Identifies the end | N/A NEXT:
FNC 09 position for the Note: 1 step
(End of a loop The FOR-NEXT loop can be nested for 5 lev-
FOR-NEXT els,
loop) i.e. 5 FOR-NEXT loops are programmed within
each other.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
[S] Operation:

The FOR and NEXT instructions allow the
specification of an area of program, i.e. the
program enclosed by the instructions, which is to
be repeated S number of times.

FOR

LN

Points to note:

a) The FOR instruction operates in a 16 bit mode hence, the value of the operand S may
be within the range of 1 to 32,767. If a number between the range -32,768 and 0 (zero) is
specified it is automatically replaced by the value 1, i.e. the FOR-NEXT loop would
execute once.

b) The NEXT instruction has NO operand.

c) The FOR-NEXT instructions must be programmed as a pair e.g. for every FOR
instruction there MUST be an associated NEXT instruction. The same applies to the
NEXT instructions, there MUST be an associated FOR instruction. The FOR-NEXT
instructions must also be programmed in the correct order. This means that programming
a loop as a NEXT-FOR (the paired NEXT instruction proceeds the associated FOR
instruction) is NOT allowed.

Inserting an FEND instruction between the FOR-NEXT instructions, i.e. FOR-FEND-
NEXT, is NOT allowed. This would have the same effect as programming a FOR without a
NEXT instruction, followed by the FEND instruction and a loop with a NEXT and no
associated FOR instruction.

d) A FOR-NEXT loop operates for its set number of times before the main program is
allowed to finish the current program scan.

e) When using FOR-NEXT loops care should be taken not the exceed the PLC’s
watchdog timer setting. The use of the WDT instruction and/or increasing the watchdog
timer value is recommended.
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Nested FOR-NEXT loops:

FOR-NEXT instructions can be nested for 5 levels. This means that 5 FOR-NEXT loops
can be sequentially programmed within each other.

In the example a 3 level nest has been programmed. As each new FOR-NEXT nest level
is encountered the number of times that loop is repeated is increased by the multiplication
of all of the surrounding/previous loops.

For example, loop C operates 4 times. But within this loop there is a nested loop, B. For
every completed cycle of loop C, loop B will be completely executed, i.e. it will loop DOZ
times.

This again applies between loops B and A.

The total number of times that loop A will operate for

ONE scan of the program will equal;

1) The number of loop A operations multiplied by

2) The number of loop B operations multiplied by

3) The number of loop C operations

If values were associated to loops A, B and C, e.g. 7,

6 and 4 respectively, the following number of

operations would take place in ONE program

scan:

Number of loop C operations = 4 times

Number of loop B operations = 24 times (CxB, 4x6)

Number of loop A operations = 168 times (CxBXA, 4x6x7)

Note:

The use of the CJ programming feature, causing the jump to P22 allows the'selection’ of
which loop will be processed and when, i.e. if X10 was switched ON, loop A would no
longer operate.
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Applied Instructions:

1. Program Flow 5-4
I 2 Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, ;,2:)
4. Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX 1/O Devices 5-80
9. External FX Serial Devices 5-94
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10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. [[Fne1s0-1se || Positioning Control 5-126
14. Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. In-line Comparisons 5-150

5.2 Move And Compare - Functions 10 to 19

Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3 or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
i.e.

positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y Y¥<¥- An instruction operating in 16 bit mode, where OOUOidentifies the instruction
mnemonic.

Y ¥c¥¢P - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥ - An instruction modified to operate in 32 bit operation.

D¢ ¥¢% P - A32 bit mode instruction modified to use pulse (single) operation.

¥ ~ Arepetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or
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will have no effect to the value of the operand.

5.2.1 CMP (FNC 10)

Mo

M2

F— C20>K100,M0=0N
M1
F— C20=K100,M1=0ON

F— C20>K100,M2=0N

indicate:

Mnemonic Function St Opesrsnds D Program steps
CMP Compares two K, H, Y,M, S CMP, CMPP:
FNC 10 data values - KnX, KnY, KnM, KnS, 7 steps
(Compare) results of <,=and |T,C, D, V, 2 Note:
> are given. 3 consecutive |DCMP,
devices are DCMPP:
used. 13 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
The data of Slis compared to the data of S2. The
X0 [S1]1(S2] [D] . L .
L CMPK 100]C 20| M0 result is indicated by 3 bit devices specified from

the head address entered as D. The bit devices

S2is less than S1- bit device D is ON
S2is equal to S1- bit device D+1is ON
S2is greater than S1- bit device D+2is ON

Note: The destination (D) device statuses will be kept even if the CMP instruction

is deactivated. Full algebraic comparisons are used, i.e. -10 is smaller than +2 etc.

5.2.2 ZCP (FNC 11)

M3
M4

M5

F— C30<100,K120,M3=0N
F— K100 C30 K120,M4=ON
— C30>K100,K120,M5=0N

105

Mnemonic Function 51 2 Operar;d: ) Program steps
ZCP Compares adata (K, H, Y, M, S ZCP.Z CPP:
FNC 11 value against a KnX, KnY, KnM, KnS, Note: 9 steps
(Zone data range - T.C DV, Z
compare) results of <. = and 3 consecutive | DZCP,

> are given. Note: devices are DZCPP:
g : S1 should be less than S2 used. 17 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0 [811[82] [S3][D ] Operation:
—] ZCP |K 100[K 120{C 30 | M 3 |

The operation is the same as the CMP
instruction except a single data value (S3) is
compared against a data range (S1-S2).

S3is less than Sland S2- bit device D is ON
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S3is equal to or between Sland S2- bit device D+1 is ON S3 is greater than both Sland
S2- bit device D+2is ON

5.2.3 MOV (FNC 12)

X0
—— MOV [Ho050| D 10 H

tools.

5.2.4 SMOV (FNC 13)

Operands
Mnemonic Function S D Program steps
MOV Moves data from K, H, KnY, KnM, KnS, MOV, MOVP:
FNC 12 one storage area |KnX, KnY, KnM, KnS, |T,C,D, V. Z 5 steps
(Move) toanewstorage |T.C,D, V. Z DMOV,
area DMOVP:
9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | zero Meoz0
[S] [D] Operation:

The contents of the source device (S)
is copied to the destination (D) device

when the control input is active. If the
MOV instruction is not driven, no operation takes place.

Note: This instruction has a special programming technique which allows it to

mimic the operation of newer applied instructions when used with older programming

{smov|D1|K4|K2|D2[K3

Operands
Mnemonic Function Program steps
m1 ‘ m2 | n 5 D
SMOV Takes elements of |K, H K, H, K, H, SMOV,
FNC 13 an existing 4 digit | Note: available KnX, KnY, |KnY, KnM, | SMOVP:
(Shift move) |decimal number |range 1to 4. KnM, KnS, (KnS, 11 steps
fand inserts the_:rn 52 TCDVZ |TCDVZ
into 8 new 4 digit Range 0 t0 9,999 (deci-
mal) or 0 to 9,999 (BCD)
when M8168 is used -
see note opposite
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0 [S] m1 m2 [D] n Operation 1:

This instruction copies a specified
number of digits from a 4 digit decimal
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source (S) and places them at a specified location within a destination (D) number
(alsoaddigitdecimal).The existing data in the destination is overwritten.

Key:

m1- The source position of the 1st digit to be moved
m2- The number of source digits to be moved

n- The destination position for the first digit

Note: The selected destination must NOT be smaller than the quantity of source data.

Digit positions are referenced by number: 1=
). This modification of the SMOV operation allows BCD

Operation 2:(Applicable units,

units, 2= tens, 3= hundreds, 4=thousands.

numbers to be manipulated in exactly the same way as the ‘normal’ SMOV manipulates
decimal numbers, i.e. This instruction copies a specified number of digits from a 4 digit
BCD source (S) and places them at a specified location within a destination (D) number

(also a 4 digit BCD number).

X0
|

[S] m1 m2 [D] n
SMOV|D1|K4[K2|D2| K3}

M8000
T 816

the mode is reset, i.e. M8168 is forced OFF.

5.2.5 CML (FNC 14)

To select the BCD mode the SMOV
instruction is coupled with special M cail
M8168 which is driven ON. Please
remember that this is a ‘mode’ setting
operation and will be active, i.e. all SMOV
instructions will operate in BCD format until

] | Operands
Mnemonic Function S D Program steps
CML Copies and K, H, CML,CMLP:
FNC 14 inverts the source [KnX, KnY, KnM, KnS, |KnY, KnM, KnS, 5 steps
(Compliment) |bit pattern to a T,C,D,VZ TC,D,V Z DCML,
specified DCMLP:
destination 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X0 [S] [D] A copy of each data bit within the source
———cMmL | Do | K1Yo }—{ device (S) is inverted and then moved to
a designated destination (D).

This means each occurrence of a‘1’ in the source data will become a ‘0’ in the destination
data while each source digit which is‘0’ will become a'1’. If the destination area is smaller
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than the source data then only the directly mapping bit devices will be processed.

5.2.6 BMOV (FNC 15)

X0
}—1 — BMOV |

D5|D?|K3H

Operands
Mnemonic Function S D Program steps
n
BMOV Copies a specified | KnX, KnY, KnY, KnM, K,H BMOV,
FNC 15 block of multiple | KnM, KnS, KnS, D (FX2C, BMOVP:
(Block move) |dataelementstoa [T.CD,V, Z TC.D.V.Z |FX2N only) 7 steps
new destination (RAM) File (RAM) File 54
registers, registers, see |\ e
note d) n< 512
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[S] [D] n A quantity of consecutively occurring

data elements can be copied to a
new destination. The source data is
identified as a device head address

(S) and a quantity of consecutive data elements (n). This is moved to the destination

device

(D) for the same number of elements (n).
Points to note:
a) If the quantity of source devices (n) exceeds the actual number of available source
devices, then only those devices which fall in the available range will be used.

b) If the number of source devices exceeds the available space at the destination location,
then only the available destination devices will be written to.
¢) The BMOV instruction has a built in automatic feature to prevent overwriting errors from
occurring when the source (S - n) and destination (D -n) data ranges coincide. This is
clearly identified in the following diagram:
(Note: The numbered arrows indicate the order in which the BMOV is processed)

X0
'—H—|BMDU| D5 | D?|K3}—{

X1
‘—H—{amov|nzn|n1a| K4 }—{

D5

SHONg

D7 @207
NONLL:

D 21} D 21
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d) Using file registers as the destination devices [D]Jmay be performed on all units.

5.2.7 FMOV (FNC 16)

X0
}—H—[FMDV| Ko | DO | K10

i

The data stored
device (S) is copied to every device

Operands
Mnemonic Function Program steps
S D n

FMOV Copies a single KnX, KnY, KnY, KnM, K. H FMOV,FMOVP:7
FNC 16 data device to a KnM, KnS, KnS, Steﬁ}?
(Fill move) |range of TCD,V,Z |TC,DVZ |X DFMOV,DFMOVP

destination Note:n< 512 :

devices 13 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P
S D] n :
[S1 [D] Operation:

in the source

within the destination range. The range is specified by a device head address (D) and a
gquantity of consecutive elements (n). If the specified number of destination devices (n)
exceeds the available space at the destination location, then only the available destination
devices will be written to.

Note: This instruction has a special programming technique which allows it to

mimic the operation of newer applied instructions when used with older programming

tools.

5.2.8 XCH (FNC 17)

Operands
Mnemonic Function Program steps
D1 | D2
XCH Data in the KnY, KnM,KnS, T, C, D XCH,XCHP:
FNC 17 designated Note: when using the byte )(CH (i.e.M8160 is sleﬂs
(Exchange) [devicesis ON) D1 and D2 must be the same device other-| DXCH, DXCHP:
. exchanged wise a program error will occur and 9 steps
M8067 will be turned ON
16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation 1:The contents of the two destination devices D1and D2are swapped, i.e. the

complete word devices are exchanged. Ex.

[D1][D2]

}—1|—|XCHP)| D1 |D1?}—{

Data register Before XCH After XCH
m 20 530
D17 530 20
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Operation 2:This function is equivalent to FNC 147 SWAP The bytes within each word of
the designated devices Dlare exchanged when ‘byte mode flag’M8160 is ON. Please
note that the mode will remain active until it is reset, i.e. M8160 is forced OFF. Ex.

X20 = Values are in Hex for darity | Before DXCH| After DXCH
| :

[D1][D2 DIO Byte 1 1FH 8BH

——pxcHP)|D 10]D 10 Byte 1 881 1P

M8000 1 CAH 354

D11 Byte
Byte 1 354 Can
5.2.9 BCD (FNC18)

Mnemonic Function 3 Operands ) Program steps
BCD Converts binary KnX,KnY, KnM, KnS, |KnY, KnM, KnS, BCD, BCDP:
FNC 18 nun'_lbers toBCD |T,C,D,V,Z2 TC,D,V. Z 5 steps
(Binary coded | equivalents / When using MB0Z23 to convert data to scentific for- | DBGD,
decimal) Converts floating | mat, only double word (32 bit) data registers (D) may | DBCDP:

point data to be used. See page 4-46 for more details regarding ~ | © Steps
scientific format | fiating point format.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation: (Applicable to all units)
0 [5] [D] The binary source data (S) is
— F————— BCD| D 12] K2Y0 converted into an equivalent BCD
number and stored at the destination
%30 device (D). If the converted BCD
|
— [S] [D] number exceeds the operational
——pBco] D 20 [D 42 ranges of 0 to 9,999 (16 bit operation)
M8000 and 0 t0 99,999,999 (32 bit operation)
A

a seven segment display.

110

an error will occur. This instruction
can be used to output data directly to
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5.2.10 BIN (FNC 19)

X0
F——"A BIN |

K2x0| D 13

-

Mnemonic Function S Operands D Program steps

BIN Converts BCD KnX, KnY, KnM, KnS, |KnY, KnM, KnS, BIN, BINP:

FNC 19 numbers to their T.C,D,V,Z T.C,D,V.Z 5 steps

(Binary) binary equivalent/ '\When using M8023 to convert data to floating
Converts scientific | point format, only double word (32 bit) data reg- | DBIN. DBINP:
format data to float- | isters (D) may be used. See page 4-46 for more | 9 Steps
ing point format details regarding floating point format.

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation: (Applicable to all units)
[S] [D] The BCD source data (S) is

converted into an equivalent binary
number and stored at the

destination device (D). If the source data is not provided in a BCD format an error will
occur. This instruction can be used to read in data directly from thumbwheel switches.
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Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
v 3. Arithmetic And Logical Operations (+, -, :_,2:)

4, Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX 1/O Devices 5-80
9. External FX Serial Devices 5-94
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10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. FNC 140-149 | Data Operations 2 5-122
13. Positioning Control 5-126
14. Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. In-line Comparisons 5-150

Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most Significant
Bit, sometimes used to indicate the mathematical sign of a number, i.e.

positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

<Y< Y- An instruction operating in 16 bit mode, where OOUidentifies the instruction
mnemonic.

<< %P - A16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥ ¥ - An instruction modified to operate in 32 bit operation.

D¢ vc¥¢P - A32 bit mode instruction modified to use pulse (single) operation

" A repetitive instruction which will change the destination value on every scan
unless modified by the pulse function.

} ‘An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.
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5.3.1 ADD (FNC 20)

Operands
Mnemonic Function Program steps
S1 | s2 D

ADD The value of the (K, H, KnX, KnY, KnM, KnS, |KnY, KnM, KnS, | ADD, ADDP:
FNC 20 two source TC, DV Z TC, D,V Z 7 steps
(Addition) devices is added  |ywhen using M8023 to add floating point data,

andtheresult | ony double word (32 bit) data registers (D) or | PADD, _

stored in the desti-| constants (K/H) may be used. See page 4-46 | PADDP:

nation device for more details regarding floating point format. | 13 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0 [S1][S2] [D] ?Eereglon: (Appll.cat();eto. il-l um;s)
}_‘ | ADD lD‘mID‘QID‘M}—{ e aqata cqntame within t.e
source devices (S1,S2) s

combined and the total is stored at
the specified destination device (D).

Points to note:

a) All calculations are algebraically processed, i.e. 5 + (-8)= -3.

b) The same device may be used as a source (S1lor S2) and as the destination (D). If this
is the case then the ADD instruction would actually operate continuously. This means on
every scan the instruction would add the result of the last scan to the second source
device.

To prevent this from happening the pulse modifier should be used or an interlock should
be programmed.

c) If the result of a calculation is“0" then a special auxiliary flag, M8020 is set ON.

d) If the result of an operation exceeds 32,767 (16 bit limit) or 2,147,483,647 (32 bit limit)
the carry flag, M8022 is set ON. If the result of an operation exceeds -32,768 or
-2,147,483,648 the borrow flag, M8021 is set ON. When a result exceeds either of the
number limits, the appropriate flag is set ON (M8021 or M8022) and a portion of the
carry/borrow is stored in the destination device. The mathematical sign of this stored data
is reflective of the number limit which has been exceeded, i.e. when -32,768 is exceeded
negative numbers are stored in the destination device but if 32,767 was exceeded positive
numbers would be stored at D.

e) If the destination location is smaller than the obtained result, then only the portion of the
result which directly maps to the destination area will be written, i.e if 25 (decimal) was the
result, and it was to be stored at K1Y4 then only Y4 and Y7 would be active. In binary
terms this is equivalent to a decimal value of 9 a long way short of the real result of 25!
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5.3.2 SUB (FNC 21)

i . Operands
Mnemonic Function Program steps
S1 ‘ S2 D

SUB One source K, H, KnX, KnY, KnM, KnS, KnY, KnM, KnS, | SUB, SUBP:
FNC 21 device TC DV, Z T.C, DV Z 7steps
(Subtract) p subtracfed from When using M8023 to subtract floating point

the other - the . b DSUB,

; .- | data, only double word (32 bit) data registers .

result is stored in DSUBP:

the destination (D) or constants (K/H) may be used. See page | {3 steps

device 4-46 for more details regarding floating point

format.
Zoro MEBI20
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | Boronsiz

[S1][S2] [D]

X0
|—H—| SUB [D10|D 12| D 14

}_{

calculation is stored in the destination device D.
Note: the ‘Points to note’, under the ADD instruction (previous page) can also be similarly
applied to the subtract instruction.

5.3.3 MUL (FNC 22)

Operation: (Applicable to all units)
The data contained within the
source device, S2is subtracted
from the contents of source device
S1. The result or remainder of this

—— MUL | D

0|D2|D4

-
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Operands
Mnemonic Function Program steps
S1 s2 D
MUL Multiplies the two | K, H, KnX, KnY, KnM, KnS, KnY,KnM,KnS, |MUL, MULP:
FNC 22 source devices TC DV, Z T, C, D, Z(V) 7steps
(Multiplica together the result Note: Z(V) may
-tion) is stored in the geﬁ‘.ll:’age ‘*"‘é@ fD;] more NOT be used |DMUL,
destination device e_ta{?regatr ing floating for 32 bit oper- | DMULP:
point format. ation 13 steps
When using M8023 to subtract floating point
data, only double word (32 bit) data registers
(D) or constants (K/H) may be used.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:(Applicable to all units)
The contents of the two source
X0 [S11[S2] [D] devices (S1, S2) are multiplied

together and the result is stored at
the destination device (D). Note the
normal rules of algebra apply.
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Points to note:

a) When operating the MUL instruction in 16bit mode, two 16 bit data sources are
multiplied together. They produce a 32 bit result. The device identified as the destination
address is the lower of the two devices used to store the 32 bit result. Using the above
example with some test data:

5(D0)x7 (D2) = 35 - The value 35 is stored in (D4, D5) as a single 32 hit word.

b) When operating the MUL instruction in 32 bit mode, two 32 bit data sources are
multiplied together. They produce a 64 bit result. The device identified as the destination
address is the lower of the four devices used to store the 64 bit result.

c) If the location of the destination device is smaller than the obtained result, then only the
portion of the result which directly maps to the destination area will be written, i.e if a result
of 72 (decimal) is to be stored at K1Y4 then only Y7 would be active. In binary terms this is
equivalent to a decimal value of 8, a long way short of the real result of 72!

Viewing 64 bit numbers

* It is currently impossible to monitor the contents of a 64 bit result. However, the result
can be monitored in two smaller,32 bit, blocks, i.e. a 64 bit result is made up of the
following parts: (upper 32 bits)x 2 *? +(lower32bits).

5.3.4 DIV (FNC 23)

Operands
Mnemonic Function Program steps
s1 82 D
DIV Divides one K, H, KnX, KnY, KnM, KnS,T, |KnY, KnM, KnS, |DIV,DIVP:
FNC 23 source valueby |(C,D,V,Z T,C, D, Z(\V) 7steps
(Division) another the result 'See page 4-46 for more Note: Z(V) may
is stored in the | getails regarding floating NOT be used for | PDIV, _
destination device | point format. 32 bit operation ?:E'YR
steps
When using M8023 to subtract floating point P
data, only double word (32 bit) data registers
(D) or constants (K/H) may be used.used to
perform
16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:(Applicable to all units)
The primary source (S1) is divided
[S1][S2] [D] g

X0 by the secondary source (S2).
— biv |nn|nz|n4H

The result is stored in the
destination (D). Note the normal

rules of algebra apply.
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Points to note:

a) When operating the DIV instruction in 16bit mode, two 16 bit data sources are divided
into each other. They produce two 16 bit results. The device identified as the destination
address is the lower of the two devices used to store the these results.

This storage device will actually contain a record of the number of whole times S2will
divide into S1(the quotient).

The second, following destination register contains the remained left after the last whole
division (the remainder). Using the previous example with some test data:

51 (D0)+10 (D2) = 5(D4) 1(D5)

This result is interpreted as 5 whole divisions with 1 left over (5x10+1=51).

b) When operating the DIV instruction in 32 bit mode, two 32 bit data sources are divided
into each other. They produce two 32 bit results. The device identified as the destination
address is the lower of the two devices used to store the quotient and the following two
devices are used to store the remainder, i.e. if D30 was selected as the destination of 32
bit division operation then D30, D31 would store the quotient and D32, D33 would store
the remainder. If the location of the destination device is smaller than the obtained result,
then only the portion of the result which directly maps to the destination area will be
written. If bit devices are used as the destination area, no remainder value is calculated.
c) If the value of the source device S2is 0 (zero) then an operation error is executed and
the operation of the DIV instruction is cancelled.

5.3.5 INC (FNC 24)

Operands
Mnemonic Function D Program steps
INC The designated KnY, KnM, KnS, INC,INCP:
FNC 24 device is TC DV, Z 3 steps
(Increment) incremented by 1 | Standard V.Z rules apply for 32 bit operation
on every DINC,
execution of the DINCP:
instruction 5 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0 [D] Operation:
}_1 | INC On every execution of the
instruction the device specified as

the destination D, has its current
value incremented (increased) by a value of 1.
In 16 bit operation, when +32,767 is reached, the next increment will write a value of
-32,768 to the destination device.
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In 32 bit operation, when +2,147,483,647 is reached the next increment will write a value
of -2,147,483,648 to the destination device. In both cases there is no additional flag to
identify this change in the counted value.

5.3.6 DEC (FNC 24)

DEC

value decremented (decreased) by a value of 1.

Operands
Mnemonic Function D Program steps
DEC The designated KnY, KnM, KnS, DEC,DECP:
FNC 25 device is TC, DV Z 3 steps
(Decrement) |decremented by 1 | Standard V.Z rules apply for 32 bit operation
s on every DDEC,
execution of the DDECP:
instruction 5 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X1 [D] P |
}_{ | On every execution of the

instruction the device specified as
the destination D, has its current

In 16 bit operation, when -32,768 is reached the next increment will write a value of
+32,767 to the destination device.
In 32 bit operation, when -2,147,483,648 is reached the next increment will write a value
of +2,147,483,647 to the destination device. In both cases there is no additional flag to
identify this change in the counted value.

5.3.7 WAND (FNC 26)

X0
—— WAND|

Dmlmzlnm}—{

Operands
Mnemonic Function Program steps
51 S2 D
WAND Alogical AND is | K, H, KnY, KnM, KnS, | WAND,WANDP:
FNC 26 performed on the |KnX, KnY, TC D,V Z 7 steps
(Logical source devices - | KnM, KnS, DAND,
word AND) result stored at TC, DV Z DANDP:
destination 13 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
[S1][S2][D] Operation:

The bit patterns of the two source
devices are analyzed (the contents
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of S2is compared against the contents of S1). The result of the logical AND analysis is
stored in the destination device (D).
The following rules are used to determine the result of a logical AND operation. This takes
place for every bit contained within the source devices: General rule: (S1) Bit n WAND

(S2)Bitn=(D)Bitn

IWAND1=10WAND1=0
1WANDO=00WANDO=0

5.3.8 WOR (FNC 27)

[S1]1[S2] [D]

X1
}—H—{wmmm]mzlnm

-

logical OR analysis is stored in the destination device (D).
The following rules are used to determine the result of a logical OR operation. This takes

place for

every bit
(S1)BitnWOR(S2)Bitn=(D)Bitn

1IWOR1=1 OWOR1=1
1IWOR0=1 OWORO0=0

contained  within
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the

source devices:

General

Operands
Mnemonic Function Program steps
S1 s2 D

WOR A logical OR is K.H, KnY, KnM, KnS, | WOR,WORP:
FNC 27 performed on the |KnX,KnY, KnM, KnS, T,C, D,V 2 7 steps

(Logical source devices- |[T,C,D,V,Z DOR,

word OR) result stored at DORP:

destination 13 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

The bit patterns of the two source
devices are analyzed (the contents
of S2is compared against the
contents of S1). The result of the

rule:
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5.3.9 WXOR (FNC 28)

Operands
Mnemonic Function Program steps
51 52 D
WXOR Alogical XORis |K, H KnY, KnM, KnS, | WXOR,
FNC 28 performed on the |KnX, KnY, KnM, KnS, TC,D,V,Z WXORP:
(Logical source devices- |T,C,D,V, Z 7 steps
exclusive result stored at DXOR,DXORP
OR) destination 13 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X2 [S1][S2] [D] The bit patterns of the two source
}_{ WXURI D 15] D 12[ D14 }_{ devices are analyzed (the
contents of S2is compared

against the contents of S1). The

result of the logical XOR analysis is stored in the destination device (D).
The following rules are used to determine the result of a logical XOR operation. This takes
place for every bit contained within the source devices: General rule: (S1)Bit nWXOR
(S2)Bitn= (D)Bitn

1WXOR1=0 OWXOR1=1
1WXOR0=1 OWXOR0=0

5.3.10 NEG (FNC 29)

Rt

NEG
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| ] Operands
Mnemonic Function D Program steps

NEG Logically inverts KnY, KnM, KnS, NEGNEGP:
FNC 29 the contents of TC DV, Z 3 steps
(Negation) |the designated DNEG,
3 device DNEGP:

5 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P
[D] Operation:

The bit pattern of the selected
device is inverted.

This means any occurrence of a‘1’
becomes a'0’ and any occurrence of a‘0’ will be written as a‘1’.
When this is complete, a further binary 1 is added to the bit pattern. The result is the total
logical sign change of the selected devices contents, e.g. a positive number will become a
negative number or a negative number will become a positive.
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Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,2;
| 4 Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX I/O Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. Positioning Control 5-126
14. ||Fncieo-169 | Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. FNC 220249 || |n-line Comparisons 5-150
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@Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most Significant
Bit, sometimes used to indicate the mathematical sign of a number, i.e. positive = 0, and
negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y Y- An instruction operating in 16 bit mode, where OOOidentifies the instruction
mnemonic.

Y% P - A16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥ - An instruction modified to operate in 32 bit operation.

D¢ ¥¢ %P - A32 bit mode instruction modified to use pulse (single) operation

e

unless maodified by the pulse function.

" A repetitive instruction which will change the destination value on every scan

" An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.

5.4.1 ROR (FNC 30)

Operands
Mnemonic Function D Program steps
n
ROR The bit pattern of |KnY, KnM, KnS, K, H, ROR, RORP:
FNC 30 the destination TC DV Z 52 5 steps
(Rotation device is rotated | Note:
right) ‘n’ places to the 16 bit operation Note: DROR,
- right on every Kn=K4, 16 bit operation n< 16 |DRORP:
execution 32 bit operation Kn=K8 | 32 bit operation n< 32 |9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry M8022
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}—l F———ROR| [DDCE ] E{nd,] }—{

11111111DO0DD00|D}—|

After 1 rotation @ M%?Ef?

Operation:

The bit pattern of the destination device
(D) is rotated n bit places to the right on
every operation of the instruction.

The status of the last bit rotated is
copied to the carry flag M8022.

MSB The example shown left is based on the
™~ instruction noted above it, where the bit
msoz2[ 0] LSB
pattern represents the contents of DO.
5.4.2 ROL (FNC 31)
| ] Operands
Mnemonic Function S D Program steps
ROL The bit pattern of | KnY, KnM, KnS, K, H, ROL,ROLP:
FNC 31 the destination TC DV Z 5 5 steps
(Rotation device is rotated | Note:
left) ‘n’ places to the 16 bit operation Note- DROL,
S left on every Kn= K4, ote: _ DROLP:
execution 32 bit operation 16 bit operation n<16 |7 steps
Kn= K8 32 bit operation n< 32
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry Mso22
Operation:

|—1 ————{ROL| [DDn] | [Kna,] }—{

NENGINEMEEEE
e
[T Jms022 LSB

contents of DO.
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The bit pattern of the destination
device (D) is rotated n bit places to
the left on every operation of the
instruction.

The status of the last bit rotated is
copied to the carry flag M8022.

The example shown left is based on
the instruction noted above it, where
the bit pattern represents the
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5.4.3 RCR (FNC 32)

—i—

Operands
Mnemonic Function D Program steps
n
RCR The contents of KnY, KnM, KnS, K, H, RCR,RCRP:
FNC 32 the destination TC, DV Z 52 5 steps
(Rotation device are rotated | Note:
right with right with 1 bit 16 bit operation Note: DRCR,
carry) extracted to the Kn= K4, ) 16 bit operation n< 16 DRCRP:
carry flag ?(?1 E}léaoperatlon 32 bit operation n< 32 |/ Steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry Ms022
X0 [D] [n] Operation:
}—{ ——RCR| D0 | K4 }—‘ The bit pattern of the destination device
(D)is rotated n bit places to the right on

every operation of the instruction.

F
;MEUEED

&

Carry

The status of the last bit rotated is
moved into the carry flag M8022. On the
following operation of the instruction

M8022 is the first bit to be moved back

00O A A AAI00[0[0
Ma022[ 0 |

into the destination device.
The example shown left is based on the

instruction noted above it, where the bit pattern represents the contents of DO.

5.4.4 RCL (FNC 33)

. _ Operands
Mnemonic Function S D Program steps
RCL The contents of | KnY, KnM, KnS, K. H, RCL, RCLP:
FNC 33 the destination TCD,V.Z 54 5 steps
(Rotation device are
left with rotated Note: Note: DRCL,
carry) left with 1 bit 8 . it : DRCLP:
extracted to the | 16 bit operation Kn= K4, :132 E:{ EBZ:ZEEE :3 ;’g 9 steps
carry flag 32 bit operation Kn= K8 -
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry Mso22
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[D]

[n]

X0
—————RCL |

Do | K4

H

——

Carry

Ma022 5

[1_]M8022

Operation:

The bit pattern of the destination
device (D)is rotated n bit places to
the left on every operation of the
instruction.

The status of the last bit rotated is
moved into the carry flag M8022.
On the following operation of the
instruction M8022 is the first bit to
be moved back into the destination
device.

The example shown left is based

on the instruction noted above it, where the bit pattern represents the contents of DO.

5.4.5 SFTR (FNC 34)

TITT
1 uatfna dnd—Jwr Jownd waa] mas]— var [ o] mas] mas]—{ s waa] [ o]

Operands
Mnemonic Function Program steps
S D n1 n2
SFTR The statusofthe | X,Y,M, S |Y.M, S K.H, SFTR,SFTRP:
FNC 34 source devices are 52 9 steps
(Bit shift right) | copied to a Note:
= controlled bit stack FX uéerS'
moving the existing n2<ni < 1024
data to the right FXo,FXon users:
nz<ni1<512
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X6 [S] [D] [n1] [n2] Operation:
}_( ————{SFTR|X 0|M 0K 16|K 4}—‘ The instruction copies n2source
devices to a bit stack of length n1.

For every new addition of n2bits, the
existing data within the bit stack is
shifted n2bits to the right. Any bit
data moving to a position exceeding

the nllimit is diverted to an overflow area. The bit shifting operation will occur every time
the instruction is processed unless it is modified with either the pulse suffix or a controlled

interlock.
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5.4.6 SFTL (FNC 35)

C

i ] Operands
Mnemonic Function Program steps
L] D n1 n2

SFTL The status ofthe X, Y, M, S |Y, M, S K,H, SFTL,SFTLP:
FNC 35 source devices are 52 Osteps
(Bit shift left) |copiedtoa Note:
+ controlled bit stack FX users: nz<n1< 1024

moving the existing FXo FXoN usSers:

data to the left n2<ni< 512
‘ 16 BIT OPERATION 32 BIT OPERATION PULSE-P

[S] [D] [n1] [n2] Operation:
The instruction copies n2source

H{I?—|SFTL

b<1o|vu]+(12|+<3}—{

RECIIE

|\'13|v12|\'11|—|\'1u-|~r?|\r5 |—|*r5[w]\'3 H 1.f2| Y1 |*ru|

area.

devices to a bit stack of length nl.
For every new addition of n2bits, the
existing data within the bit stack is
shifted n2bits to the left. Any bit data
moving to a position exceeding the
nllimit is diverted to an overflow

The bit shifting operation will occur every time the instruction is processed unless it is
moadified with either the pulse suffix or a controlled interlock.

5.4.7 WSFR (FNC 36)

Operands
Mnemonic Function Program steps
S D n1 n2

WSFR The value of the KnX, KnY, |KnY,KnM, [K.,H, WSFR,
FNC 36 source devices are | KnM,KnS, |KnS, X WSFRP:
(Word copied to a T.C, D T.C D Note: 9 steps
shift right) | controlled word FX users: n2<n1<512
- stack moving the

existing data to the

right

16 BIT OPERATION 32 BIT OPERATION PULSE-P
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C

[S]

[D] [n1] [n2]

I—H—[WSFR] DO |[D10|K16| K4 }—{

{]D13 - D# =
DT - 0% — D13 - D10
(D2 -0 — D17 - D14
oD -02 = DX - D18
— (550 3-D0 — DI5- D2
s D EE S 50 D D EE B EE
- — - - -

14} 3

diverted to an overflow area.
The word shifting operation will occur every time the instruction is processed unless it is
modified with either the pulse suffix or a controlled interlock.
Note: when using bit devices as source (S) and destination (D) the Kn value must be

equal.

5.4.8 WSFL (FNC 37)
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I
i

Operation:
The instruction

copies n2source

devices to a word stack of length n1.
For each addition of n2words, the
existing data within the word stack is

shifted n2words

To the right. Any word data moving to
a position exceeding the nllimit is

0 ]D1DJK‘IE|F{4

}—1 —{wsFR| D

-

(1) 028 .

IE)

D2 —
D -D018 — D235=-D
D17- D14 — D2 = D18
4D13- D10 — D17- DU
Blo3:5% —ci3-b — [c=3[cz[oi]o0]
[
[D25] o024 [O2a ] D22 [ o1 | [ma]or] [oia[oa]oz]o1 Joe
— = < o~ < >~ —— —
[ 2 (3 14

equal.
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i . Operands
Mnemonic Function Program steps
S D n1 n2
WSFL The value of the KnX, KnY, |KnY,KnM, |K.H, WSFL,
FNC 37 source devices are | KnM,KnS, |KnS, = WSFLP:
(Word copiedto a TC,D T.C,D Note: 9 steps
shift left) controlled word FX users:
- stack moving the n<m<s512
existing data to
the left
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
The instruction copies n2source
[S] [D] [n1] [n2] P

devices to a word stack of length n1.
For each addition of n2words, the
existing data within the word stack
is shifted n2words to the left. Any
word data moving to a position
exceeding the nllimit is diverted to

an overflow are

a.

The word shifting operation will
occur every time the instruction is processed unless it is modified with either the pulse
suffix or a controlled interlock.
Note: when using bit devices as source (S) and destination (D) the Kn value must be
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5.4.9 SFWR (FNC 38)

) . Operands
Mnemonic Function Program steps
S D N
SFWR This instruction K, H, KnY, KnM, K, H, SFWR,
FNC 38 creates and builds | KnX, KnY, KnS, = SFWRP:
(Shift register |a FIFO stack n KnM,KnS, T,C,D, Note: 7 steps
write) devices long -must [T, C, D, V, Z 2<n< 512
o= be used with
SFRD FNC 39
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry msozz
Operation:
[S]1 [D] [n]

X0 [SFWR| 50 | D1 | K10 The contents of the source device
(S) are written to the FIFO stack.

The position of insertion into the
stack is automatically calculated by
s] _—————MNE0—— e pLC.

@ : B ERE] The destination device (D) is the
head address of the FIFO stack.

The contents of D identify where the next record will be stored (as an offset from D+1).
If the contents of D exceed the value “n-1"(n is the length of the FIFO stack) then insertion
into the FIFO stack is stopped. The carry flag M8022 is turned ON to identify this situation.

Points to note:

a) FIFO is an abbreviation for ‘First-In/ First-OUT".

b) Although n devices are assigned for the FIFO stack, only n-1 pieces of information may
be written to that stack. This is because the head address device (D) takes the first
available register to store the information regarding the next data insertion point into the
FIFO stack.

c) Before starting to use a FIFO stack ensure that the contents of the head address
register

(D) are equal to‘0’ (zero).

d) This instruction should be used in conjunction with SFRD FNC 39. The n parameter in
both instructions should be equal.
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5.4.10 SFRD (FNC 39)

Operands
Mnemonic Function Program steps
S D n
SFRD This instruction KnY, KnM, KnY, KnM, K.H, SFRD,
FNC 39 reads and KnS, KnS, = SFRDP:
(Shift reduces FIFO T,C, D, T,C,D, Note: 7 steps
register read) | stack- must be KnY, Kn, 2<n< 512
- used with SFWR | KnM,KnS, KnM,KnS,
FNC 38 T,C,D TC D, V. Z
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | zero mgo20
Operation:
X1 [S] [D] [n] The source device (S) identifies
}—1 J—[SFRD] D1 | D EE] K10 H the head address of the FIFO
stack. Its contents reflect the last

entry point of data on to the FIFO

——— - - stack, i.e. where the end of the

D008 IDEID7IDEI0EIDAIDG nf ?j | !?Eﬂ FIFO is (current position).
This instruction reads the first
piece of data from the FIFO stack
(register S+1), moves all of the data within the stack ‘up’ one position to fill the read area

and decrements the contents of the FIFO head address (S) by 1. The read data is written
to the destination device (D).

When the contents of the source device (S) are equal to'0’ (zero), i.e. the FIFO stack is
empty, the flag M8020 is turned ON.

Points to note:

a) FIFO is an abbreviation for ‘First-In/ First-OUT".

b) Only n-1pieces of data may be read from a FIFO stack. This is because the stack
requires that the first register, the head address (S) is used to contain information about
the current length of the FIFO stack.

¢) This instruction will always read the source data from the register S+1.

d) This instruction should be used in conjunction with SFWR FNC 38. The n parameter in
both instructions should be equal.
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Applied Instructions:

1. Program Flow 5-4

2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, ;<_,24+)

4. Rotation And Shift 5-34

| 5. Data Operation 5-42
6. m High Speed Processing 5-52

7. Handy Instructions 5-66

8. External FX 1/O Devices 5-80

9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
1. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. Positioning Control 5-126
14. ||encie0-169 || Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. FNC 220249 || In-line Comparisons 5-150
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:Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most Significant
Bit, sometimes used to indicate the mathematical sign of a number, i.e. positive = 0, and
negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

<Y Y- An instruction operating in 16 bit mode, where OO 0identifies the instruction
mnemonic.

Y ¥¢ ¥¢P - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥ - An instruction modified to operate in 32 bit operation.

D¢ ¥¢¥% P - A32 bit mode instruction modified to use pulse (single) operation.

W - A repetitive instruction which will change the destination value on every scan
unless modified by the pulse function.

- An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.

5.5.1 ZRST (FNC 40)

. . Operands
Mnemonic Function 3 ) Program steps
ZRST Used to reset a Y, M.S, ZRST,
FNC 40 range of like 'PZ (t: D ZRSTP:
i i ote:
(RZgQgﬂ gg\élrgetisow one Dimust be less than or equal ( <) to Dz. 5 steps
Standard and High speed counters cannot be mixed.

16 BIT OPERATION 32 BIT OPERATION PULSE-P

[D1] [D2] Operation:

M8002
’—{ |—12RST|M 5'DD|M 599}_‘ The range of devices, inclusive of

those specified as the two
destinations are reset, i.e. for data
devices the current value is set to 0 (zero) and for bit elements, the devices are turned
OFF,i.e.alsosetto0(zero).
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The specified device range cannot contain mixed device types, i.e. CO00 specified as the
first destination device (D1) cannot be paired with T199 as the second destination device
(D2). When resetting counters, standard and high speed counters cannot be reset as part
of the same range.
If D1is greater than (>) D2then only device D1is reset.

5.5.2 DECO (FNC 41)

}—¢X4|—| DECO|

X0 [M10| K3 }—|

X2 X1 X0

— P

7. 6

5. 4. 3

1

0

[0lo0lololilol0Tl0]

M17 M16 M15 M14 M13 M12 M11 M10

132

Source data

. ] Operands
Mnemonic Function Program steps
S D n
DECO Source data value | K, H, Y, M, S, K, H, DECO,
FNC 41 Q identifies the X, Y.MS, |T.C,D b DECOP:
(Decode) Qth bit of the T.C,D,V, Note: 7 steps
destination device | Z D= ¥,M,S then n range =
which will be 1-8
turned ON D= T,C,D then
nrange = 1-4
n= 0, then no
processing
16 BIT OPERATION 32 BIT OPERATION PULSE-P
[S] [D] [n] Operation:

is provided by a
combination of operands S and n.

Where S specifies the head address
of the data and n, the number of
consecutive bits. The source data is
read as a single number (binary to
decimal conversion) Q. The source
number Q is the location of a bit within
the destination device (D) which will
be turned ON (see example opposite).
When the destination device is a data
device n must be within therangelto4asthereareonlyl6available destination bits in a
single data word. All unused data bits within the word are set to 0.
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5.5.3 ENCO (FNC 42)

) . Operands
Mnemonic Function Program steps
S D n
ENCO Then locationof |X,Y,M, S, |T,C,D,V, |K, H, ENCO,
FNC 42 the highest active |T,C,D,V, |Z 53 ENCOP:
(Encode) bitis storedasa |Z Note: 7 steps
numerical position S=X, Y, M, S then
from the head n range:‘[-ﬁ.
address S=T,C,D then
nrange = 1-4
n =0, then no
processing
‘ 16 BIT OPERATION 32 BIT OPERATION PULSE-P
[S] [D] [n]

}—}{({f—{ENCO|M‘10|D10| K3 }—{ Operation:

The highest active bit within the readable range
| E“ ] g- I g- | g‘ I 3 I g- | “:‘]‘ | g- ! has its location noted as a numbered offset from
M17 M16 M15 M14 M13 M12 M11 M10 the source head address (S). This is stored in
the destination register (D).

D10
(o/ofolololofofololofolojolol1]1]
.. 421

+
=3

Points to note:

a) The readable range is defined by the largest number storable in a binary format within
the number of destination storage bits specified by n, i.e. if n was equal to 4 bits a
maximum number within the range 0 to 15 can be written to the destination device. Hence,
if bit devices were being used as the source data, 16 bit devices would be used, i.e. the
head bit device and 15 further, consecutive devices.

b) If the stored destination number is 0 (zero) then the source head address bitis ON, i.e.
the active bit has a 0 (zero) offset from the head address. However, if NO bits are ON
within the source area, 0 (zero) is written to the destination device and an error is
generated.

¢) When the source device is a data or word device n must be taken from the range
1todas there are only 16 source bits available within a single data word.
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5.5.4 SUM (FNC 43)

. ] Operands
Mnemonic Function S 5 Program steps
SUM The number K, H, KnY, KnM, KnS, SUM,SUMP:
FNC 43 (quantity) of KnX, KnY, KnM, KnS, |[T,C,D,V,.Z 7 steps
(Sum of active bitsinthe |T,C,D,V,Z
active bits) source data is DSUM,
stored in the DSUMP:
destination device 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | zero msozo
%0 [S]1 [D] Operation:
p————{sum| Do | D2 H The number of active (ON) bits within the
source device (S), i.e. bits which have a
DO value of“1" are counted. The count is stored
bﬂ15I T[O[T[O]TTO]T[O[T[O[T]0 b0 in the destination register (D). If a double
@ word format is used, both the source and
D2 destination devices use 32 bit, double

8421

registers. The destination device will
always have its upper 16 bits set to O (zero)

as the counted value can never be more than 32. If no bits are ON then zero flag, M8020

is set.

5.5.5 BON (FNC 44)

) ] Operands
Mnemonic Function Program steps
S D n

BON The status of the |K, H, Y,M, S K.H, BON, BONP:
FNC 44 specified bit in the [ KnX, KnY, 59 Tsteps
(Check source device is , KnS, Note: DBONP,
specified indicated at the T,C,D,V, 16 bit operation DBON:

bit status) destination Z n=0to 15 13 steps

32 bit operation
n=0 to 31
16 BIT OPERATION 32 BIT OPERATION PULSE-P
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[S] [D] [n]

‘—H—{ BON |D1I}]MD|K15}—{

- D 10 —
|1|D|1]D|1|D|'1|D|1|ﬂ|'1|D|'1|ﬂ|'1LD|
b15 b15 =1, MO = 1

DINEDEDEDEDEDEIRED
b15=0,M0=0

the destination device (D) is activated to “flag”

Operation:

A single bit position (n) is specified from
within a source device/area (S). n could be
regarded as a specified offset from the
source head address (S), i.e. 0 (zero) being
the first device (a 0 offset) where as an
offset of 15 would actually be the 16th
device.

If the identified bit becomes active, i.e. ON,
the new status.

The destination device could be said to act as a mirror to the status of the selected bit

source.

5.5.6 MEAN (FNC 45)

I—{MEAN[DD ID10| K3 }—|

Operands
Mnemonic Function Program steps
S D n
MEAN Calculates the KnX, KnY, KnY, KnM, K.H, MEAN,
FNC 45 mean of a range |KnM, KnS, KnS, 52 MEANP:
(Mean) of devices T.C, D T.C,D,V.Z |Note: 7 steps
=1to 64 DMEAN,
DMEANP:
13steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[S] [D] [n] The range of source data is defined by

operands S and n. S is the head
address of the source data and n

General nule
D= gg _ (So+S51+<+5n)
= n
n
Exanple
510= (£0) + (O1) + (On)

3

remainder of the calculated mean is ignored.

specifies the number of consecutive
source devices used.

The value of all the devices within the
source range is summed and then
divided by the number of devices
summed, i.e. n. This generates an
integer mean value which is stored in
the destination device (D). The
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Points to note:

If the source area specified is actually smaller than the physically available area, then only
the available devices are used. The actual value of n used to calculate the mean will
reflect the used, available devices. However, the value for n which was entered into the
instruction will still be displayed. This can cause confusion as the mean value calculated
manually using this original n value will be different from that which is displayed.

If the value of n is specified outside of the stated range (1 to 64) an error is generated.

5.5.7 ANS (FNC 46)

Operands
Mnemonic Function Program steps
S D n
ANS This instruction T S K ANS:
FNC 46 starts a timer. Note: Note: = 7 steps
(Timed Once timed out available annunciator Note:
annunciator |the selected range range S900 to | n range 1 to
set) annunciator flag is | TO to T199 5999 32,767 - in
set ON units of
100msec
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
This instruction, when energized,
X0 X1 [S] [n] [D] .
starts a timer (S) for n,100 msec.
| H ANS | TO | K10 |59UDH When the timer completes its
cycle the assigned annunciator
(D) is set ON.

If the instruction is switched OFF during or after completion of the timing cycle the timer is
automatically reset. However, the current status of the annunciator coil remains

unchanged.

Note:This is only one method of driving annunciator coils, others such as direct

setting can also be used.
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5.5.8 ANR (FNC 47)

E

ANR

Operands Program steps
Mnemonic Function D
ANR The lowest active ANR,ANRP:
FNC 47 annunciator is 1step
(Annunciator | reset on every N/A
reset) operation of this
- instruction
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

Annunciators which have been
activated are sequentially reset
one-by-one, each time the ANR

instruction is operated.

If the ANR instruction is driven continuously it will carry out its resetting operation on every
program scan unless it is modified by the pulse, P prefix or by a user defined program

interlock.

5.5.9 SQR (FNC 48)

X7

— - +——8QR [ K5 | D2 |

—i|

802

———DsQR| D5 [D 30}

M8000

o T

Operands
Mnemonic Function Program steps
S D
SQAR Performs a K,H.D D SQR, SQRP:
FNC 48 mathematical | When using M8023 in float mode, only 5 steps
(Square square root €.9. | 4ouble word (32bit) data can be processed. DSQR, _
root) D=/ s See page 4- 46 for more details regarding float- DSQRP:
ing point. 9 steps
Zero MB020
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | Zero Mo
Operation 1:
This instruction performs a square root
X3 X10 [S1 [D]

operation on source data (S) and stores
the result at destination device (D). The
operation is conducted entirely in whole
integers rendering the square root
answer rounded to the lowest whole
number. For example, if (S) = 154, then
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(D) is calculated as being 12. M8020 is set ON when the square root operation result is
equal to zero. Answers with rounded values will activate M8021.

Operation 2: This function is equivalent to FNC 127 ESQR This operation is similar to
Operation 1. However, it is only activated when the mode setting float flag, M8023 is used.
This then allows the SQR instruction to process answers in floating point format. The
source data (S) must either be supplied in floating point format for data register use, or it
can be supplied as a constant (K,H). When constants are used as a source, they are
automatically converted to floating point format. Operation 2 is only valid for double word
(32 bit) operation,

hence both (S) and (D) will be 32 bit values and the SQR instruction will be entered as
DSQR or DSQRP.

General note:

Performing any square root operation (even on a calculator) on a negative number will
result in an error. This will be identified by special M coil M8067 being activated:
~/-168 = Error and M8067 will be set ON This is true for both operating modes.

5.5.10 FLT (FNC 49)

| . Operands
Mnemonic Function S D Program steps
FLT Used to convert D D FLT, FLTP:
FNC f‘g data to and from  \g023 = OFF data is converted from decimal | 2 Steps
(Floating floating point to floating point format DFLT,
point) format DFLTP:
M8023 = ON data is converted from floating 9 steps
point format to decimal format

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
15 [S] [D] When the float instruction is used without
| FLT | D15| D2 }_ the float flag (M8023 = OFF) the source
data (S) is converted in to an equivalent
le? value stored in float format at the
— 802 destination device (D).
—1 FLT [D100|D120}— Please note that two consecutive
EPO{’ED @_ devices (D and

D+1) will be used to store the converted
float number. This is true regardless of
the size of the source data (S), i.e. whether (S) is a single device (16 bits) or a double
device (32 bits) has no effect on the number of destination devices (D) used to store the
floating point number. Examples:
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Decimal source data Floating point
(S) destination value (D)
1 1
-26700 267« 100
404 4.04 x 107

Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, ;,2:)
4. Rotation And Shift 5-34
5. Data Operation 5-42
v 6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX I/0 Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
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11. Trigonometry (Floating Point 3) 5-118
12. FNC 140-149 | Data Operations 2 5-122
13. Positioning Control 5-126
14. |[Fnc1e0-169| Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. In-line Comparisons 5-150

Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most Significant
Bit, sometimes used to indicate the mathematical sign of a number, i.e. positive = 0, and
negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

<Y< Y- An instruction operating in 16 bit mode, where OO 0identifies the instruction
mnemonic.

Y ¥ P - A16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥ - An instruction modified to operate in 32 bit operation.

D¢ ¢ P - A32 bit mode instruction modified to use pulse (single) operation.

S =

madified by the pulse function.

" Arepetitive instruction which will change the destination value on every scan unless

B< - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or
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will have no effect to the value of the operand.

5.6.1 REF (FNC 50)

X0
F——— REF| X 10| K8 H

Operands
Mnemonic Function D Program steps
n

REF Forces an XY K, H REF, REFP:
FNC 50 immediate update |z = 5 steps
(Refresh) of inputs or Note: Note:

DUtpL_Jt!SC?S D should always be a |n should always be a

specihie multiple of 10, i.e. 00, |multiple of 8, i.e. 8, 16,

10, 20, 30 etc. 24, 32 etc.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[D] [n] "

Standard PLC operation processes
output and input status between the
END instruction of one program scan

and step 0 of the following program scan. If an immediate update of the I/O device status
is required the REF instruction is used. The REF instruction can only be used to update or
refresh blocks of 8 (n) consecutive devices. The head address of the refreshed devices
should always have its last digit as a 0 (zero), i.e. in units of 10.

@ Note: Ashort delay will occur before the I/O device is physically updated, in the case

of inputs a time equivalent to the filter setting, while outputs will delay for their set

energized time.

5.6.2 REFF (FNC 51)

REFF| K1 ]

[n]

overcome problems

i ] Operands
Mnemonic Function Program steps
n
REFF Inputs are K, H, REFF,
FNC 51 refreshed, and 52 REFFP:
(Refresh their input filters Note: n= 0 to 60 msec (0 = 50us) 3 steps
ag.d ﬂ{tef are 'l'eSdEt to ”“;‘ 4 |X000 to X007 (X000 to X017 for FXax) are
adjust) neiw y designate automatically designated when using this
vae instruction
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

PLC’s are provided with input filters to
generated by
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mechanical switch gear.
However, as this involves ensuring a steady input signal is received for a fixed time
duration, the use of input filters slows down the PLC response times. For high speed
applications, especially where solid state switching provides the input signal, input filter
times may be reduced. The default setting for the input filters is approximately 10 msec.
Using this instruction input filter times of 0 to 60 msec may be selected. The setting ‘0’
(zero) is actually 50usec. This is the minimum available setting. It is automatically
selected when direct input, interrupts or high speed counting functions are used. The
REFF instruction needs to be driven for each program scan if it is to be effective,
otherwise, the standard 10 msec filter time is used.

5.6.3 MTR (FNC 52)

M8000
‘—H—|MTR|X1U|Y23|M3[}| K 3

:

Points to note:
a) The MTR instruction involves high speed input/output switching. For this reason this
instruction is only recommended for use with transistor output modules.
b) For the MTR instruction to operate correctly, it must be driven continuously. It is
recommended that special auxiliary relay M8000, the PLC RUN status flag, is used. After
the completion of the first full reading of the matrix, operation complete flag M8029 is
turned ON. This flag is automatically reset when the MTR instruction is turned OFF.

c) Each set of 8 input signals are grouped into a ‘bank’ (there are n number of banks).

d) Each bank is triggered/selected by a dedicated output (head address D1 ). This means
the quantity of outputs from D1 , used to achieve the matrix are equal to the number of

142

i ] Operands
Mnemonic Function Program steps
] D1 D2 n
MTR Multiplexes a X Y Y,M, S K, H, MTR: 9 steps
FNC 52 !Jank of inputs 4 54 54 54
{Inpl.{! into a numllz-er of Note: Note:
matrix) sets of devices. : n=2to 8
Can only be used These operands should always be
ONCE a multiple of 10, i.e. 00, 10, 20, 30
etc.
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | oben yarzs
Operation:
This instruction allows a
[S] [D1][D2] [n]

selection of 8 consecutive input
devices (head address S) to be
used multiple (n) times, i.e. each
physical input has more than one,
separate and quite different (D1) signal being processed. The result is stored in a
matrix-table (head address D2).
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banks n. As there are now additional inputs entering the PLC these will each have a status
which needs recording. This is stored in a matrix-table. The matrix-table starts at the head
address D 2 . The matrix construction mimics the same 8 signal by n bank configuration.
Hence, when a certain input in a selected bank is read, its status is stored in an equivalent
position within the result matrix-table.

€) The matrix instruction operates on an interrupt format, processing each bank of inputs
every 20msec. This time is based on the selected input filters being set at 10msec. This
would result in an 8 bank matrix, i.e. 64 inputs (8 inputs” 8 banks) being read in 160msec.

@If high speed inputs (ex. XO0) is
specified for operand S, the reading time
of each bank becomes only 10msec, i.e.
a halving of the reading speed. However, GUTvadvii
additional pull down resistors are
required on the drive outputs to ensure  p down :
the high speed reading does not detect resistors /EE
any residual currents from the last
operation. These should be placed in parallel to the
input bank and should be of a value of
approximately .3k Q, 0.5W. For easier use, high
speed inputs should not be specified at S.
f) Because this instruction uses a series of
multiplexed signals it requires a certain amount of

“ hard wiring ’ to operate. The example wiring
diagram to the right depicts the circuit used if the
previous example instruction was programmed. As a
general precaution to aid successful operation diodes
should be places after each input device (see
diagram opposite). These should have a rating of

Matrix device }—

Tradydalvaslyaelvd

=

143



fec

intelligent solutions worldwide

0.1A, 50V.

g) Example Operation

When output Y20 is ON only those inputs in the first bank are read. These results are then
stored; in this example, auxiliary coils M30 to M37. The second step involves Y20 going
OFF and Y21 coming ON. This time only inputs in the second bank are read. These
results are stored in devices M40 to M47. The last step of this example has Y21 going
OFF and Y22 coming ON. This then allows all of the inputs in the third bank to be read
and stored in devices M50 to M57. The processing of this instruction example would take
20x 3 =60msec.

Notice how the resulting matrix-table does not use any of the ¥¢ 8 andvyy 9 bit

devices when state S or auxiliary M relays are used as the storage medium.

5.6.4 HSCS (FNC 53)

| . Operands
Mnemonic Function Program steps
S1 S2 n

HSCS Sets the selected | K, H, C Y, M, S DHSCS:
FNC 53 output when the KnX, KnY, MNote: 13 steps
(High speed |specified high KnM, KnS, C =23510 254, | Interrupt point-
counter set) |speed counter TC,D,V,Z or available ers

value equals the high speed 1010 to 1060

test value counters can be set.

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

[S1][S2] [D]

M8000
}—4 ——pHscs|k100[c255] Y10

H The HSCS set, compares the current

value of the selected high speed

counter (S 2 )against a selected value

(S1 ). When the counters current value changes to a value equal to S1 the device

specified as the destination (D)is set ON. The example above shows that Y10 would be

set ON only when C255’s value stepped from 99-100 OR 101-100. If the counters current
value was forced to equal 100, output Y10 would NOTbe set ON.

Points to note:

a) It is recommended that the drive input used for the high speed counter functions; HSCS,
HSCR, HSCZ is the special auxiliary RUN contact M8000.

b) If more than one high speed counter function is used for a single counter the selected
flag devices (D) should be kept within 1 group of 8 devices, i.e. YO-7, M10-17.

¢) All high speed counter functions use an interrupt process, hence, all destination devices
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(D) are updated immediately.

: Note:

For all units Max. 6 simultaneously active HSCS/R and HSZ instructions. Please
remember that the use of high speed counter functions has a direct impact on the
maximum allowable counting speed!

Use of interrupt pointers

MPUs can use interrupt pointers 1010 through 1060 (6 points) as destination devices (D).
This enables interrupt routines to be triggered directly when the value of the specified high
speed counter reaches the value in the HSCS instruction.

5.6.5 HSCR (FNC 54)

| . Operands
Mnemonic Function Program steps
S1 S2 D

HSCR Resets the K, H, C Y, M, S DHSCR:
FNC 54 selected output KnX, KnY, Note: C 13 steps
(High speed |when the KnM, KnS, C=C2351t0 Note:
counter specified high TC D,V Z C255, or If C, use same
reset) speed counter available high |counter as Sz

equals the test speed

value counters

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

The HSCR, compares the current
value of the selected high speed
counter (S2 )againsta selected
value (S1 ). When the counters
current value changes to a value
equal to S 1, the device specified as the destination (D) is reset. In the example above,
Y10 would be reset only when C255’s value stepped from 199 to 200 or from 201 to 200.
If the current value of C255 was forced to equal 200 by test techniques, output Y10 would
NOTreset. For further, general points, about using high speed counter functions, please
see the subsection ‘Points to note’ under the HSCS (FNC 53). Relevant points are; a, b,
and c. Please also reference the note about the number of high speed instructions
allowable.

[S1]1[S2] [D]

MB000
’—| ———pHscR K200|c255] Y10 }—|
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5.6.6 HSZ (FNC 55)

B . Operands
Mnemonic Function 5 5 53 5 Program steps
HSZ Operation 1: K, H, C Y, M S DHSZ:
FNC 55 The current value |KnX, KnY, Note: Note: 17 steps
(High of a high speed KnM, KnS, C=235to 3 consecutive
speed zone |counteris checked |T,C,D,V, Z 255, |devices are
compare) against a specified used
range
QOperation 2: D K.H M8&130 (only)
The designated Using This flag can
range is held in a values only be used
data table driving from with one
Y" outputs directly 1to DHSZ
128 instr' at a time
Operation 3: (cloci- M8132 (only)
The designated mal) This flag can
range is held in a only be used
data table driving with one
PLSY frequencies
directly using
D8132
16 BIT OPERATION 32 BIT OPERATION PULSE-P
[S1] [S2][S3] [D] Operation 1 -

}_‘ Standard:(Applicable to all units)
This instruction works in exactly
the same way as the standard
ZCP (FNC11). The only difference is that the device being compared is a high speed
counter (specified as S3). Also, all of the outputs (D) are updated immediately due to the
interrupt operation of the DHSZ. It should be remembered that when a device is specified
in operand D it is in fact a head address for 3 consecutive devices. Each one is used to
represent the status of the current comparison, i.e. using the above example as a basis,

M8000
|—4 —{DHSZ [K1000[K1200] C251| Y10

Y10 (D) C251 is less than S1, K1000 (S3 <S1)
Y11 (D+1) C251 is greater than S1, K1000 but less than S 2, K1200 (S3 >S1 ,S3 <S2)
Y12 (D+2) C251 is greater than S2, K1200 (S3 >S2)

For further, general points, about using high speed counter functions please see

the subsection ‘Points to note’ under the HSCS (FNC 52). Relevant points are; a, b, and c.
Please also reference the note about the number of high speed instructions allowable.

Operation 2 - Using HSZ With A Data Table: (Applicable units: ) Operation 2 is selected
when the destination device (D) is assigned special M coil M8130. This then allows
devices (S1 ,S2 )to be used to define a data table using (S1 ) as the head address and
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(52 ) as the number of records in the table - maximum number of records is 128. Each
record occupies 4 consecutive data registers proportioned in the following manner (for a
single record of data registers D through D +3).

Single Record

311 Used as a double (32 bit) data register to contain the comparison data
Data D+2 Stores the 1/O device number, in HEX, of the 'Y" Output device to be controlled, i.e.
registers H10=Y10. Note: Hex digits A through F are not used.
D+3 Stores the action (SET/RESET) to be performed on the Output device D+2. Note:
For a SET (ON) operation D+3 must equal 1, for a RESET (OFF) D+3 must equal 0.

The following points should be read while studying the example on the right of the page.
Please note, all normal rules associated with

high speed counters still apply.

The data table is processed one’ record

number ’ at a time, i.e only 1 record is ever

active as the comparison data. The currently

active record number is stored in data register

D8130. As the comparison value for the active

record is ‘ reached ', the assigned ‘ Y’ device

is SET or RESET and the active ‘Record

number ’ is incremented by 1. Once all

records in a data table have been processed, the current record pointer (D8130) is reset
to 0 (the table is then ready to process again) and the operation complete flag M8131 is
set ON.

If the high speed counter is reset (by program or hardware input), when it resumes
counting and reaches the first record’s comparison value, the M8131 flag will be reset.
Both the status of M8131 and contents of
D8130 are not editable by the user. If the
DHSZ instruction is turned OFF then all
associated flags are reset. Care should be
exercised when resetting the high speed
counter or turning OFF the DHSZ instruct as
all associated ‘Y’ output devices will remain in
their last state, i.e. if an output was ON it will
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remain ON until independently reset by the user. The data within in active records can be
changed during operation allowing data tables to be updated. Any change made is
processed at the end of the current program scan. The HSZ instruction will continue to
process only the active data record, i.e. it will not reset due to the updating of an inactive
data record.

When the DHSZ instruction is initially activated it will not process a comparison until the
following program scan as the CPU requires a slight time delay to initialize the comparison
table.

Operation 3 - Combined HSZ and PLSY Operation:(Applicable units: )

Operation 3 allows the HSZ and PLSY instructions to be used together as a control loop.
This operation is selected when the destination device (D) is assigned special M coil
M8132. This then allows devices (S1 ,S2 )to be used to define a data table using(S1 ) as
the head address and (S2 ) as the number of records in the table - maximum number of
records is 128. Each record occupies 4 consecutive data registers (D through D +3)
proportioned in to two 32 bit data areas.

The first pair of data registers (D,D+1) contain the

comparison value for use with the high speed

counter. The second pair of data registers (D

+2,D+3) contain a value (from 0 to 1000) which

represents an output frequency in Hz. This value

is loaded in to special data register D8132 when

the comparison made by the DHSZ instruction

gives a ‘ TRUE ’ output. Special data register

D8132 can be used as the source data for a PLSY (FNC57) output enabling the output to
be varied with relative count data.

As with Operation 2 only one record in the data table is
active at anyone time. The current ‘ Record number’ being
processed is stored in data register D8131. To observe the
current comparative value, data registers D8134 and D8135
should be monitored as a double word (32 bit) device.
Once the final entry in the data table has been processed,
the operation complete flag M8133 is set ON and the record
counter (D8131) cycles back to the first record. It is
recommended that if the high speed counter and PLSY
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operations form a closed loop that the last record entry in the data table is set to KO for the
comparison value and KO for the PLSY output frequency. This will bring the controlled
system to a stop and the  Record number ’ counter will not be able to cycle back to the
start of the data table until the associated high speed counter is reset by either pro-gram
or hardware methods. This situation can be easily monitored by checking the paired data
registers D8134 and D8135 for the'0 ’ value.

It is recommended that the operation of the PLSY instruction is delayed for 1 scan to allow
the DHSZ data table to be constructed on initial operation. A suggested program using a
pulsed flag is shown in the example on this page.

5.6.7 SPD (FNC 56)

) ) Operands
Mnemonic Function Program steps
S1 Sz D

SPD Detects the X0to X5 |K,H, T.C,D, Z (V) SPD:
FNC 56 number of KnX, KnY, |Note: 7 steps
(Speed ‘encoder’ pulses KnM, KnS, | 3 consecutive devices
detection) in a given time T, C,D,V, |are used. In the case

frame. Results Z of

can be used to D= Z monitor D8028,

calculate speed D8029 and D8030

16 BIT OPERATION 32 BIT OPERATION PULSE-P

X10 [S1] [S2] [D] Operation:

1 SPD | X0 [K100[ DO H The number of pulses received at S1 are
counted and stored in D+1; this is the current
X10 | count value. The counting takes place over a set
time frame specified by S2 in msec. The time

S1 Jﬂﬂﬂﬂﬂﬂ FLﬂﬂﬂI remaining on the current ‘ timed count’ , is
ﬁ) displayed in device D +2. The number of counted
% pulses (of S 1 )fromthelast timed count are
stored in D. The timing chart opposite shows the
ke sk J SPD operation in a graphical sense.
52
s2 ;: -

Note: (1)Current count value, device D +1
@ : Accumulated/ last count value, device D
(®: Current time remaining in msec, device D+2

Points to note:
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a) When the timed count frame is completed the data stored in D +1is immediately written
to D. D +1is then reset and a new time frame is started.
b) Because this is both a high speed and an interrupt process only inputs X0 to X5 may be
used as the source device S 1 . However, the specified device for S1 mustNOTcoincide
with any other high speed function which is operating, i.e. a high speed counter using the
same input. The SPD instruction is considered to act as a single phase counter.
¢) Multiple SPD instructions may be used, but the identified source devices S1 restrict this
to a maximum of 6 times.
d) Once values for timed counts have been collected, appropriate speeds can be
calculated using simple mathematics. These speeds could be radial speeds in rpm, linear
speeds in M/ min it is entirely down to the mathematical manipulation placed on the SPD
results. The following interpretations could be used,;
3600 x (D)
n x S2
where n = the number of linear encoder divisions per kilometer.
60 x (D)
nxS2

Linear speed N (km/h) = x 103

Radial speed N (rpm) = x 103

where n = the number of encoder pulses per revolution of the encoder disk.

5.6.8 PLSY (FNC 57)

) . Operands
Mnemonic Function Program steps
81 S2 D
PLSY Qutputs a K, H, PLSY:
FNC 57 specified number | KnX, KnY, Y 7 steps
(Pulse Y of pulses at a set | KnM, KnS, Note: DPLSY:
output) frequency TC. D V. Z Y000 or Y001 only 4. | 13steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags 25:1?:‘,‘?,:“019
Operation:
X10 [S1] [S2] [D] A specified quant|t¥ of pulses S2 is
PLSY|K1 DEIEI| DO | Y0 }_{ output through device D at a
specified frequency S1 .This

instruction is used in situations
where the quantity of outputs is of primary concern.

Points to note:

a) HCA2 users may use frequencies of 1 to 132,767Hz (16-bit operation) and 1 to 100kHz
(32-bit operation).  users may use frequencies of 2 to 20kHz.

b) The maximum number of pulses: 16 bit operation: 1 to 32,767 pulses, 32 bit operation:

11t02,147,483,647 pulses.

Note: special auxiliary coil M8029 is turned ON when the specified number of pulses has
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been completed. The pulse count and completion flag (M8029) are reset when the PLSY
instruction is de-energized. If “ 0" (zero) is specified the PLSY instruction will continue
generating pulses for as long as the instruction is energized.

c) A single pulse is described as having a 50% duty cycle. This means it is ON for 50% of
the pulse and consequently OFF for the remaining 50% of the pulse. The actual output is
controlled by interrupt handling, i.e. the output cycle is NOT affected by the scan time of
the program.

d) The datain operands S 1 and S 2 may be changed during execution. However, the new
data in S 2 will not become effective until the current operation has been completed, i.e.
the instruction has been reset by removal of the drive contact.

e) Two FNC 57 (PLSY) can be used at the same time in a program to output pulses to
Y000 and Y001 respectively. Or, only one FNC 57 PLSY and one FNC 59 PLSR can be
used together in the active program at once, again outputting independent pulses to YO00
and Y001

It is possible to use subroutines or other such programming techniques to isolate
different instances of this instructions. In this case, the current instruction must be
deactivated before changing to the new instance.

f) Because of the nature of the high speed output, transistor output units should be used
with this instruction. Relay outputs will suffer from a greatly reduced life and will cause
false outputs to occur due to the mechanical ‘bounce’ of the contacts. To ensure a ‘ clean’
output signal when using transistor units, the load current should be 200mA or higher with
the  Series. The load current should be 10 - 100mA with the HCA2 Series. It may be
found that ‘pull up ’ resistors will be required.

g) units can monitor the number of pulses output to YO using devices D8140 and D8141,
and the number of output pulses output to Y1 using devices D8142 and D8143. The total
number of pulses output can be monitored using D8136 and D8137.

5.6.9 PWM (FNC 58)

Operands

Mnemonic Function Program steps
S1 Sz D

PWM Generates a K, H, PWM:

FNC 58 pulse train with KnX, KnY, KnM, Y 7 steps

(Pulse width | defined pulse KnS, Note:

modulation) |characteristics T.C,D,V,.Z All units: Y000 or Y001
Note: v 52
S1 only
S2

16 BIT OPERATION 32 BIT OPERATION PULSE-P
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Operation:
X10 [S1][S2] [D] A continuous pulse train is output through
|_‘ ——PWM| D10 | K50 | Y 0 device D when this instruction is driven. The

characteristics of the pulse are defined as:
The distance, in time (msec), between two

S1
= identical parts of consecutive pulses (S 2).
o And how long, also in time (msec), a single

82 pulse will be active for (S1)

Points to note:

a) Because this is a 16 bit instruction, the available time ranges forS1 and S 2 are 1 to
32,767.

b) A calculation of the duty cycle is easily made by dividing S1 by S2 . Hence S 1 cannot
have a value greater than S 2 as this would mean the pulse is on for longer than the
distance between two pulses, i.e. a second pulse would start before the first had finished.
If this is programmed an error will occur. This instruction is used where the length of the
pulse is the primary concern.

¢) The PWM instruction may only be used once in a users program.

d) Because of the nature of the high speed output, transistor output units should be used
with this instruction. Relay outputs will suffer from a greatly reduced life and will cause
false outputs to occur due to the mechanical ‘bounce’ of the contacts. To ensure a ‘ clean’
output signal when using transistor units, the load current should be 200mA or higher with
the  Series. The load current should be 10 - 100mA with the HCA2 Series. It may be
found that * pull up ’ resistors will be required.

5.6.10 PLSR (FNC 59)

16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | her s
Operands
Mnemonic Function Program steps
St \ S2 \ S3 D
PLSR Qutputs a K, H, Y PLSR:
FNC 59 specified number | KnX, KnY, KnM, KnS, 9 steps
(Pulse ramp) |of pulses, TC,D,V,Z HCA5users: DPLSR:
ramping up to a Note: Y000 or Y001 only. 17 steps
set frequency and | S1
back down to stop | S2

Operation:
A specified quantity of pulses S 2 is
MY TRSR[K0| Do [Ka00] Yoo H output through device D. The output
frequency is first ramped up in 10 steps
to the maximum frequency S1 in
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acceleration time S 3 ms, then ramped down to stop also in S3 ms. This instruction is
used to generate simple acc/dec curves where the quantity of outputs is of primary
concern.

4 [S1] 10 - 100,000 Hz

[S110
k.

: : ;sec?
_ [S3] Max 5000 ms i [S:] Max 5000 ms

Points to Note:

a) users may use frequencies of 10 to 20,000Hz. /HCAZ2 users may use frequencies
of 10 to 100,000Hz. The frequency should be set to a multiple of 10. If not it will be
rounded up to the next multiple of 10. The acceleration and deceleration steps are set to
1/10 of the maximum frequency. Take this in to consideration to prevent slipping, when
using stepping motors.

b)  units with CPU of less than V3.00 and all /HCA2 units, maximum number of pulses:
16 bit operation: 110 to 32,767 pulses, 32 bit operation: 110 to 2,147,483,647 pulses.
Correct pulse output can not be guaranteed for a setting of 110 or less.  units with CPU
of V3.00 or greater, maximum number of pulses: 16 bit operation: 0 to 32,767 pulses, 32
bit operation: 0 to 2,147,483,647 pulses. A setting of 110 pulses or less, or a frequency of
[S 1 ]/10 will result in no acceleration.

¢) The acceleration time must conform to the limitations described below.

d) The output device is limited to YO0O0 or Y001 only and should be transistor type.

e) Two FNC 59 (PLSR) can be used at the same time in a program to output pulses to
Y000 and Y001 respectively. Or, only one FNC 57 PLSY and one FNC 59 PLSR can be
used together in the active program at once, again outputting independent pulses to YO00
and Y0O01.

®It is possible to use subroutines or other such programming techniques to isolate
different instances of this instructions. In this case, the current instruction must be
deactivated before changing to the new instance.

f) If the number of pulses is not enough to reach the maximum frequency then the
frequency is automatically cut

g) Special auxiliary coil M8029 turns ON when the specified number of pulses has been
completed. The pulse count and completion flag (M8029) are reset when the PLSR
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instruction is de-energized.

Acceleration time limitations

The acceleration time S3 has a maximum limit of 5000 ms. However, the actual limits of
S3 are determined by other parameters of the system according to the following 4 points.
1) Set S3 to be more than 10 times the maximum program scan time (D8012). If set to
less than this, then the timing of the acceleration steps becomes uneven.

S3 = %xﬁ

2) The following formula gives the minimum value for S 3 .
3) The following formula gives the maximum value for S 3.

33 < gf « 818

4) The pulse output always increments in 10 step up to the maximum frequency as shown
on the previous page.
If the parameters do not meet the above conditions, reduce the size of S1 .

: * Possible output frequency is limited to 2 to 20,000 Hz for ~ ,and10to 100,000Hz

for /HCAZ. If either the maximum frequency or the acceleration step size are outside
this limit then they are automatically adjusted to bring the value back to the limit.

* If the drive signal is switch off, all output stops. When driven ON again, the process
starts from the beginning.

* Even if the operands are changed during operation, the output profile does not change.
The new values take effect from the next operation.
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Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,2;
4. Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7 Handy Instructions 5-66
8. External FX 1/O Devices 5-80
9. External FX Serial Devices 5-94
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10. |[Fnc110129]|| Floating Point 1 & 2 5-110
11. |[FNc130138]| Trigonometry (Floating Point 3) 5-118
12. FNC 140-149|| Data Operations 2 5-122
13. ||Fne1so-158 || Positioning Control 5-126
14. |[Fncis0-69]| Real Time Clock Control 5-136
15. Gray Codes 5-146
16. ||Fncso-189|| Additional Functions 5-146
17. FNC 220-249| In-line Comparisons 5-150

: Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D 1 ,S3 or for lists/tabled devices D3+0, S +9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y% - An instruction operating in 16 bit mode, where <<k identifies the instruction
mnemonic.

Y ¥ ¥%P - A16 bit mode instruction modified to use pulse (single) operation.

D¥¢ ¥ - Aninstruction modified to operate in 32 bit operation.

D Yo% %P - A32 bit mode instruction modified to use pulse (single) operation

-

Arepetitive instruction which will change the destination value on every scan unless
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madified by the pulse function.

BL - ipn operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will
have no effect to the value of the operand.

5.7.1 I1ST (FNC 60)

) . Operands
Mnemonic Function Program steps
51 S2 S3
IST Automatically sets | X, Y, M, S, S, IST:
FNC 60 up a multi-mode | Note: 7 steps
(Initial state) | STL operating uses 8
system consecutive devices
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
MB000 [S] [D1][D2] This instruction automatically sets up a
}_( )—I IST I X0 ‘ S20 I 5S40 }_{ multi-mode STL operating system. This
consists of variations of * manual’ and

‘automatic’ operation modes.

Points to note:

a) The IST instruction automatically assigns and uses many bit flags and word devices;
these are listed in the boxed column on the right of this page.

b) The IST instruction may only be used ONCE . It should be programmed close to the
beginning of the program, before the controlled STL circuits.

¢) The required operation mode is selected by driving the devices associated with
operands S+0 through to S+4 (5 inputs). None of the devices within this range should be
ON at the same time. It is recommended thatthese * inputs’ are selected through use of
a rotary switch. If the currently selected operating mode is changed before the' zero return
complete ’ flag (M8043) is set, all outputs will be turned OFF.

d) The ‘zero position ’ is a term used to identify a datum position from where the controlled
device, starts from and returns too after it has completed its task. Hence, the operating
mode ‘ zero return’ , causes the controlled system to return to this datum.

Assigned devices

Indirect user selected devices:

S +OManual operation

S +1Zero return

S +2Step operation
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S +30ne cycle operation

S +4Cyclic operation

S +5Zero return start

S +6Automatic operation start

S +7Stop

Initial states:

S0 initiates ‘manual’ operation

S1 initiates ‘zero return ’ operation

S2 initiates ‘automatic’ operation
General states:

S10toS19 ‘zero return ’ sequence

D 1 to D 2 ‘automatic return’ sequence
Special bit flags:

M8040 = ON STL state transfer is inhibited
M8041 = ON initial states are enabled
M8042 = Start pulse given by start input
M8043 = ON zero return completed
M8044 = ON machine zero detected
M8047 = ON STL monitor enabled

The ‘ zero’ position is sometimes also referred to as a home position, safe position,
neutral position or a datum position.

e) The available operating modes are split into two main groups, manual and automatic.
There are sub-modes to these groups. Their operation is defined as:

Manual

Manual (selected by device S+0)- Power supply to individual loads is turned ON and OFF
by using a separately provided means, often additional push buttons. Zero Return
(selected by device S+1) -Actuators are returned to their initial positions when the Zero
input (S+5) is given.

Automatic

One Step (selected by device S+2)- The controlled sequence operates automatically but
will only proceed to each new step when the start input (S+6) is given.

One Cycle (selected by device S+3) - The controlled actuators are operated for one
operation cycle. After the cycle has been completed, the actuators stop at their* zero’
positions. The cycle is started after a * start ' input (S+6) has been given.

A cycle which is currently being processed can be stopped at any time by activating

the’ stop ’ input (S+7). To restart the sequence from the currently  paused’ position the
start input must be given once more.

Automatic (selected by device S+4)-Fully automatic operation is possible in this mode.
The programmed cycle is executed repeatedly when the ‘ start * input (S+6) is given. The
currently operating cycle will not stop immediately when the ‘ stop ’ input (S+7)is given.
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The current operation will proceed to then end of the current cycle and then stop its

operation.

Note: Start, stop and zero inputs are often given by additional, manually operated
push buttons.
Please note that the ‘ stop’ input is only a program stop signal. It cannot be used as a
replacement for an ‘Emergency stop’ push button. All safety, ‘Emergency stop’ devices
should be hardwired systems which will effectively isolate the machine from operation and
external power supplies. Please refer to local and national standards for applicable safety

practices.

5.7.2 SER (FNC 61)

) . Operands
Mnemonic Function Program steps
S1 S2 D n
SER Generates alist | KnX, KnY, |KnX, KnY, |KnY, KnM, [KH,D SER, SERP:
FNC 61 of statistics KnM, KnS, |KnM, KnS, [KnS 54 9 steps
(Searcha |aboutasingle |T,C,D TC,D Note:
Data Stack) |data value T.C.D Note: 5 n= 1~256 for 16 DSER,
located/foundin vV, Z oonfs.emtive bit operation DSERP:
a data stack K.H devices n= 1~128 for 17 steps
are used 32 bit
operation
‘ 16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

X72
rﬁk——A%m

[S1]1[S2][D]

n

D 50|K 20|D 35[K100

The SER instruction searches a
defined data stack from head
address S1, with a stack length n.
The data searched for is specified

in parameter S2 and the results of
the search are stored at destination device D for 5 consecutive devices.

Destination . e
. Device description
device
D Total number of occurrences of the searched value S2 (0 if no occurrences are found)

D+1 The position (within the searched data stack) of the first occurrence of the searched value S2

D+2 The position (within the searched data stack) of the last occurrence of the searched value S2
The position (within the searched data stack) of the smallest value found in the data

D+3 : - :
stack (last occurrence is returned if there are multiple occurrences of the same value)

D+4 The position (within the searched data stack) of the largest value found in the data stack
(last occurrence is returned if there are multiple occurrences of the same value)
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Points to note:

a) Normal rules of algebra are used to determine the largest and smallest values, i.e. -30
is smaller than 6 etc.

b) If no occurrence of the searched data can be found then destination devices D, D+1
and D+2 will equal O (zero).

¢) When using data register s as the destination device D please remember that 16 bit
operation will occupy 5 consecutive, data registers but 32 bit operation will occupy 10 data
registers in pairs forming 5 double words.

d) When multiple bit devices are used to store the result (regardless of 16 or 32 bit
operation), only the specified size of group is written to for 5 consecutive occurrences, i.e.
K1YO0 would occupy 20 bit devices from YO (K1 = 4 bit devices and there will be 5 groups
for the 5 results). As the maximum data stack is 256 (0 to 255) entries long, the optimum
group of bit devices required is K2, i.e. 8 bit devices.

5.7.3 ABSD (FNC 62)

) . Operands
Mnemonic Function Program steps
81 82 D n
ABSD Generates KnX, KnY, C Y.M,S K.H ABSD:
FNC 62 multiple output KnM, KnS, 9 steps
(Absolute patterns in (in groups Note: 54
drum response to of 8) n Note: DABSD:
sequencer) |counter data TC,D consecutive n< 64 17 steps.
Note: High speed devices are see f).
counters are not used
allowed
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

This instruction generates a
variety of output patterns (there
are n number of addressed
outputs) in response to the
current value of a selected

[S1][S2] [D] [n]

X0
}—H—{AESD|DHGG| co|mo|[K4 H

counter, S2.

Points to note:

a) The current value of the selected counter (S2) is compared against a user defined data
table. This data table has a head address identified by operand S1. S1should always have
an even device number.

b) For each destination bit (D) there are two consecutive values stored in the data table.
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The first allocated value represents the event number when the destination device (D) will
be turned ON. The second identifies the reset event. The data table values are allocated
as a consecutive pair for each sequential element between D and D+n.

¢) The data table has a length equal to 2x n data entries. Depending on the format of the
data table, a single entry can be one data word such as D300 or a group of16 bit devices

e.g. K4X000.

d) Values from 0 to 32,767 may be used in the data table.

e) The ABSD instruction may only be used ONCE .

From the example instruction and the data table below, the following timing diagram for
elements MO to M3 can be constructed.

140 =—— Count value

When counter S2 equals the i
value below, the destination Assigned MO |
device Dis destination 200
device D
tumed ON turned OFF M 1
D300 - 40 D301 - 140 MO
D302-100| D&03-200 M1 M2 _|—|
240 280
D304 - 160 DB05 - 60 (Vrd M3 ON —= ~— OFF
D306-240|  DBO7-280 e o 180 260
5.7.4 INCD (FNC 63)
) . Operands
Mnemonic Function Program steps
S1 S2 D n
INCD Generates a KnX, KnY, C Y,M, S K.H INCD:
FNC 63 single output KnM, KnS, Uses 2 9 steps
(Incremental |sequence in (in groups of |consecu- |Note: 54
drum response to 8) tive N CONSEC- |pote:
sequencer) |counter data TC,D counters |utive .
. devices |N=64
Note: High speed are used
counters are not allowed
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags gﬁ;’:,"e't’:mm
[S1]1[s2][D] [n] Operation:

}—H—{INCD|D300|CD|MD|K4}—|

This instruction generates a sequence of

sequential output patterns (there are n

number of addressed outputs) in response to the current value of a pair of selected
counters (S2, S2+1).

Points to note:
a) This instruction uses a ‘data table’ which contains a single list of values which are to be
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selected and compared by two consecutive counters (S2and S2+1). The data table is
identified as having a head address Sland consists of n data elements.

b) Counter S2 is programmed in a conventional way. The set value for counter S2 MUST
be greater than any of the values entered into the data table. Counter S2 counts a user
event and compares this to the value of the currently selected data element from the data
table.

When the counter and data value are equal, S2 increments the count of counter S2+1and
resets its own current value to ‘0 ’ (zero). This new value of counter S2+1selects the new
data element from the data table and counter S2now compares against the new data
elements value.

¢) The counter S2+1 may have values from 0 to n. Once the nth data element has been
processed, the operation complete flag M8029 is turned ON. This then automatically
resets counter S2+1 hence, the cycle starts again with data element S1+0.

d) Values from 0 to 32,767 may be used in the data table.

e) The INCD instruction may only be used ONCE in a program.

From the example instruction and the data table identified left, the following timing
diagram for elements MO to M3 can be constructed.

X0 | L]
Data table Value of 0
Data |Data value/ count valuel Counter co_
element for counter 52 S2+1 o1
Ceoo 20 0
Ceo 30 1 M1 1 M
Coz 10 2 M2 m
Ceas 40 3 M3
M8029 M
5.7.5 TTMR (FNC 64)
) ) Operands
Mnemonic Function D
TTMR Monitors the D K. H
FNC 64 duration of a 54
(Teaching signal and places |Note: Note:
timer) the timed data 2 devices 16 bit words n=0'-([
into a data register | are used D and D+1 n=1- (I
n=2: (I

[D] [n] 16 BIT OPERATION 32 BIT OPERATION

X10
}—{ ———TTMR|D300| K 0 }—l

Operation:

LN e I s I

Equivalet time data (n  duration D+1), is stored in D
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The duration of time that the TTMR instruction is energized, is measured and stored in
device D +1 (as a count of 100ms periods).
The data value of D+1(in secs), multiplied by the factor selected by the operand n, is

moved in to register D. The contents of D could be used as the source data for an indirect

timer setting or even as raw data for manipulation.
When the TTMR instruction is de-energized D+1is automatically reset (D is unchanged)

5.7.6 STMR (FNC 65)

Operands
Mnemonic Function Program steps
S n D
STMR Provides T K, H Y,M, S STMR:
FNC 65 dedicated Note: 54 Note:uses 4 7 steps
(Special off-delay, one Timers 0 to 199 Note: consecutive
timer) shot and flash (100msec n= devices
timers devices) 1to 32,767 D+0to D+3
16 BIT OPERATION 32 BIT OPERATION Pl
Operation:
X0 [S1 (n] [D] The designated timer Swill operate for the
STMR| T 10 [K 100] MO H duration n with the operational effect being
flagged by devices D+0to D+3. Device
W M D+0is an off-delay timer, D+1is a one shot
| timer. When D+3 is used in the
Mo ‘ l | configuration below, D+1and D+2act in a
M1 | | | alternate flashing sequence.
M2 [ | m
: | I
LI e I o
5.7.7 ALT (FNC 66)
) . Operands
Mnemonic Function D Program steps
ALT The status of the |Y, M, S ALT, ALTP:
FNC 66 assigned device 3 steps
(Alternate is inverted on
state) every operation of
> the instruction
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C

16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:

The status of the destination device (D) is
alternated on every operation of the ALT
instruction.

X0 {7

=

MO = + ‘

This means the status of each bit device
will flip-flop between ON and OFF. This
will occur on every program scan unless a
pulse modifier or a program interlock is
used.

The ALT instruction is ideal for switching

between two modes of operation e.g. start and stop, on and off etc.

5.7.8 RAMP (FNC 67)

X0
}—H—|RAMP| pD1[p2]D3 |K1000}—{

[S2] [S1]

(S1])

(D] (D]

[52]

— —
S1=<82 S51= 852

differences between Sland S2.

) . Operands
Mnemonic Function Program steps
S1 S2 D n
Ramps a device |D K, H RAMP:
Er‘:\glE? from one value to | Note: b4 9 steps
(Ramp vari- another in the Device D uses two consecutive Note:
able V%Iue) specified number |registers identified as D and D+1 | n=1 to
of steps these are read only devices. 32,767
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | emier o
Operation:
[81][S2]1[D] [n] The RAMP instruction varies a current value

(D) between the data limits set by the user
(Sl1land S2). The ‘journey ’ between these
extreme limits takes n program scans. The
current scan number is stored in device D+1.
Once the current value of D equals the set
value of S2the execution complete flag
M8029 is set ON. The RAMP instruction can
vary both increasing and decreasing
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Points to note:

a) users may set the operation mode of the RAMP instruction by controlling the state of
special auxiliary relay M8026. When M8026 is OFF, the RAMP instruction will be in repeat
mode. This means when the current value of D equals S2 the RAMP instruction will
automatically reset and start again, i.e. the contents of D will be reset to that of S1 and the
device D+1 (the number of current scans) will reset to “ 0 ’ (zero). This is shown in the
diagram opposite.

When M8026 is set ON, users will be operating the

RAMP instruction in ‘ Hold mode’ .This means once

the current value of D equals that of S2, the RAMP

instruction will ‘ freeze ’ in this state. This means the

M8029 will be set ON for as long as the instruction

remains energized and the value of D will not reset

until the instruction is re-initialized, i.e. the RAMP

instruction is turned from OFF to ON again.

b) Users ofHCA2 and  PLC ’s cannot change the

operating mode of the RAMP instruction. For these

PLC’s the mode is fixed as in the same case as

PLC ’s when M8026 has been set ON, i.e. HOLD

mode.

c¢) If the RAMP instruction is interrupted before

completion, then the current position within the ramp is ‘ frozen ’ until the drive signal is
re-established. Once the RAMP instruction is re-driven registers D and D+1 reset and the
cycle starts from its beginning again.

d) If the RAMP instruction is operated with a constant scan mode, i.e. D8039 is written to
with the desired scan time (slightly longer than the current scan time) and M8039 is set
ON. This would then allow the number of scans n (used to create the ramp between
Sland S2) to be associated to a time. If 1 scan is equal to the contents of D8039 then the
time to complete the ramp is equal to n x D8039

: The RAMP instruction may also be used with special M flags M8193 and M8194 to

mimic the operation of the SER (FNC 61) and RS (FNC 80) respectively when being
programmed on older versions of programming peripherals.
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5.7.9 ROTC (FNC 68)

[S] [m1][m2][D]

X10
}—1 —ROTC|D200| K10 | K2 [ M0

a

Points to note:
a) This instruction has many automatically de-fined devices. These are listed below.
b) The ROTC instruction may only be used ONCE .
¢) The ROTC instruction uses a built in 2-phase counter to detect both movement
direction and distance travelled. Devices D+0and D+1 are used to input the phase pulses,
while device D+2is used to input the ‘ zero position ’ on the rotary table. These devices
should be programmed as shown in the example below (where the physical termination

takes place at the associated X inputs).

) . Operands
Mnemonic Function Program steps

S m1 m2 D

ROTC Controls arotary |D K. H K, H Y,M, S ROTC:

FNC 68 tables movement | Note: 5] 52 9 steps

(Rotary is response to a uses 3 Note: Note: Note:

table requested consecu- | 1-=2t0 |m2=0to |uses8

control) destination/ tive 32 767 32767 consecu-

position devices ’ ’ tive
S+1=m1 mi1=m2 devices
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

destination.

X0

I MO
X1

: M 1
X2

I M2

The ROTC instruction is used to
aid the tracking and positional
movement of the rotary table as
it moves to a specified

The movement direction is found by checking the relationship of the two phases of the 2
phase counter, e.g.
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A-phase I l
B-phase I | |

A-phase | |
B-phase I | |

A phase leads B phase

B phase leads A phase

Assigned devices

Indirect user selected devices:

D +0 A-phase counter signal - input
D +1 B-phase counter signal - input
D +2 Zero point detection - input

D +3 High speed forward - output
D +4 Low speed forward - output

D +5 Stop - output

D +6 Low speed reverse - output

D +7 High speed reverse — output

Rotary table constants:
m 1 Number of encoder pulses per table revolution
m 2 Distance to be travelled at low speed (in encoder pulses)

Operation variables:

S +0 Current position at the ‘ zero point’ READ ONLY

S +1 Destination position (selected station to be moved to) relative to the ‘zero point’ -
User defined

S +2 Start position (selected station to be moved) relative to the ‘zero point’ -User defined
d) When the ‘zero point ’ input (D+2) is received the contents of device S+0 isresetto ‘0’
(zero). Before starting any new operation it is advisable to ensure the rotary table is
initialized by moving the ‘ zero point’ drive dog or marker around to the ‘zero point’ sensor.
This could be considered as a calibration technique. The re-calibration of the rotary table
should be carried out periodically to ensure a consistent/accurate operation.

e) Devices D+3 to D+7 are automatically set by the ROTC instruction during its operation.
These are used as flags to indicate the operation which should be carried out next.

f) All positions are entered in the form of the required encoder pulses. This can be seen in
the following example:

- Example:

Arotary table has an encoder which outputs 400 (m1) pulses per revolution. There are 8
stations (0 to 7) on the rotary table. This means that when the rotary table moves from one
station to its immediately following station, 50 encoder pulses are counted. The ‘ zero
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position’ is station ‘0’ (zero). To move the item located at station 7 to station 3 the
following values must be written to the ROTC instruction:

S+1=3 x 50 = 150 (station 3’s position in encoder pulses from the zero point)

S+2=7 x 50 = 350 (station 7’s position in encoder pulses from the zero point)

m1= 400 (total number of encoder pulses per rev)

The rotary table is required approach the destination station at a slow speed starting from
1.5 stations before the destination. Therefore;

m2=1.5x 50 =75 slow speed distance either side of the destination station (in encoder
pulses)

5.7.10 SORT (FNC 69)

. ) Operands
Mnemonic Function Program steps
S m1 m2 D n
SORT Data in adefined |D K,H D K, H SORT:
FNC 69 table can be 5 5 5 D 11 steps
(SORT sorted on selected Note: o
Tabulated fields while mi=1to 32 Note:
Data) retaining record m2=1to 6 n=1to
integrity m2
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | b vaoze
Operation:

[S] m1 m2 [D] n . .

X21 This instruction constructs a data
’_‘ HSDRTID1UU| K4 | K3 |D1Dﬂ[ K2 }_‘ table of m1 records with m 2
fields having a start or head
address of S. Then the data in
field n is sorted in to numerical order while retaining each individual records integrity. The
resulting (new) data table is stored from destination device D.

Points to note:

a) When a sort occurs each record is sorted in to ascending order based on the data in the
selected sort field n.

b) The source (S) and destination (D) areas can be the same BUT if the areas are chosen
to be different, there should be no overlap between the areas occupied by the tables.

¢) Once the SORT operation has been completed the ‘Operation Complete Flag’ M8029 is
turned ON. For the complete sort of a data table the SORT instruction will be processed
mltimes.

d) During a SORT operation, the data in the SORT table must not be changed. If the data
is changed, this may result in an incorrectly sorted table.

e) The SORT instruction may only be used ONCE in a program.

From the example instruction and the' data table’ below left, the following data
manipulation will occur when ‘n’ is set to the identified field
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Original Tablelst table sort when n= 2 2nd table sort when n=1
FIELD (m2) FIELD (m2) FIELD (m2)

1 2 3 1 2 3 1 2 3
, | 100 O104) | (Do) , | 100 O104) | (D108) , | ©100)[ (104 | (D108)

R 32 162 4 R 74 6 200 R 7 3 5]
E 5 (D101) | (D105) | (D109) E 2 (D101) | (D105) | (D109) E 2 (D101) | (D105) | (D109)
o 74 5] 200 o 7 34 6 o 32 162 4
R|[ 5 | O102)|(D106)[ (D110) R|[ 5 | ©102)](D106)[(D110) R [ 5 [(D102)[D106) [ (CT10)
D 100 80 62 D 100 80 62 D 74 6 200
(), [ (B103)[ ©107) [ (O111) (1), [ (D103) | (D107) [ (DT171) (), [ ©103) [ (©107 | ©117)
7 34 6 32 162 4 100 80 62

Applied Instructions:

1. Program Flow 5-4
2. Fnc10-19 || Move And Compare 5-16
3. [Fnc20-20 | Arithmetic And Logical Operations (+, -, :,2:)
4. [ Fnc30-39 || Rotation And Shift 5:34
5. [Fncao-40 || Data Operation 5-42
6. Fncs0-50 | High Speed Processing 5-52
7. FNceo-69 || Handy Instructions 5-66
v s External FX I/0| Devices 5-80
9. Fncso-89 | External FX Serial Devices 5-94
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10. Floating Point 1 & 2 5-110
11. FNC 130139 || Trigonometry (Floating Point 3) 5-118
12. FNC 140149 | Data Operations 2 5-122
13. |[Fnc1se1se]| Positioning Control 5-126
14. |[[mcie0-168]| Real Time Clock Control 5-136
15. |[enci70a79|| Gray Codes 5-146
16. |[Fncigo18s|| Additional Functions 5-146
17. In-line Comparisons 5-150

@Symbols list:

D - Destination device.

S - Source device. m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D 1 ,S3 or for lists/tabled devices D3+0, S +9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y<¥c % - Aninstruction operating in 16 bit mode, where <<k identifies the instruction
mnemonic.

Y ¥x%P - A16 bit mode instruction modified to use pulse (single) operation.

D Yo% -Aninstruction modified to operate in 32 bit operation.

D¢ ¥¢ %P - A32 bit mode instruction modified to use pulse (single) operation

P - ‘Arepetitive instruction which will change the destination value on every scan

unless modified by the pulse function.
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&< = An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.

5.8.1 TKY (FNC 70)

Operands
Mnemonic Function Program steps
S D1 Dz
TKY Reads 10 devices (X, Y, M, S KnY, KnM, Y, M, S TKY:
FNC 70 with associated Mote: uses 10 | KnS, Note: uses 11 |7 steps
(Ten key decimal values consecutive TC, D, V.Z consecutive
input) into a single devices Note: uses 2 | devices DTKY:
number (identified as | consecutive (identified 13 steps
S+oto S+9) devices for 32 | Dz+o to Da+10)
bit operation
‘ 16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:
%30 [S][D1][D2] This instruction can read from 10
}_{ TKY | X0 | DO |M 1DH consecutive devices(S+0to S
+9) and will store an entered
numeric string in device D 1.

Points to note:

a) When a source device becomes active its associated destination (bit) device D2 also
becomes active. This destination device will remain active until another source device is
operated. Each source device maps directly to its own D2 device, i.e. S +Omaps to

D2+0 ,S+7 maps to D2+7 etc. These in turn, map directly to decimal values which are
then stored in the destination data devices specified by D1 .

b) One source device may be active at any one time. The destination device D2+10 is
used to signify that a key (one of the 10 source devices) has been pressed. D 2+10 will
remain active for as long as the key is held down. When the TKY instruction is active,
every press of a key adds that digit to the stored number in D1 . When the TKY is OFF, all
of the D 2 devices are reset, but the data value in D 1 remains intact.

¢) When the TKY instruction is used with 16 bit operation, D 1 can store numbers from 0 to
9,999 i.e. max. 4 digits. When the DTKY instruction is used (32 bit operation) values of 0
t0 99,999,999 (max. 8 digits) can be accommodated in two consecutive devices D 1 and D
1+1 . In both cases if the number to be stored exceeds the allowable ranges, the highest
digits will overflow until an allowable number is reached. The overflowed digits are lost
and can no longer be accessed by the user. Leading zero’s are not accommodated, i.e.
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0127 will actually be stored as 127 only.

d) The TKY instruction may only be used ONCE .
e) Using the above instruction as a brief example: If
the “ keys’identified (a) to (d) are pressed in that
order the number 2,130 will be entered into D1 .If
the key identified as (e) is then pressed the value in
D 1 will become 1,309. The initial’2 ’ has been lost.

Input 'keys'and their decimal values

1 b | 1 L 1 1 L L 1
[0 1] [4][5])[6] E] 9]
@@ [ [T ] ] fe)
24V OV SIS X0 X1 ] K2 | %3 | X4 ] X5 [ X8| X7 [R10X11
r Example key connections j

E_.

5.8.2 HKY (FNC 71)

) . Operands
Mnemonic Function Program steps
S D1 D2 D3
HKY Multiplexes inputs | X, Y, TCDVZ |Y.MS HKY:
FNC 71 and outputs to Note: Note: Note: uses 2 | Note: 9 steps
(Hexadeci- |create a numeric |uses 4 uses 4 consecutive (uses 8
mal keyboard with 6 consecu- |consecu- |devices consecu- | DHKY:
key input) function keys tive tive for 32 bit tive 17 steps
devices |devices |operation devices
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | Jremten oo

Operation 1 - Standard:

[S][D1][D2][D3]

‘—H—[HKT’[}{MYG[DG[MG}—‘

function flags may be set.

Points to note:
a) Each of the first 10 multiplexed source devices (identified as 0 to 9) map directly to
decimal values 0 to 9. When entered, i.e. a source device is activated, then its associated
decimal value is added to the data string currently stored in D2 . Activation of any of these
keys causes bit device D 3+7 to turn ON for the duration of that key press.

b) The last 6 multiplexed source devices (identified as function keys Ato F) are used to set
bit devices D3+0 to D 3+5 respectively. These bit flags, once set ON, remain ON until the
next function key has been activated. Activation of any of these keys causes bit device
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D3+6 to turn ON for the duration of that key press.

c¢) In all key entry cases, when two or more keys are pressed, only the key activated first is
effective. When the pressing of a key is sensed the M8029 (execution complete flag) is
turned ON. When the HKY instruction is OFF, all D 3 devices are reset but data value D 2
remains intact.

d) WhentheHKYinstructionisusedwith16bit operation, D 2

can store numbers from 0 to 9,999 i.e. max. 4 digits. When

the DHKY instruction is used (32 bit operation) values of 0

t0 99,999,999 (max. 8 digits) can be accommodated in

two consecutive devices D2 and D 2+1 .In both cases if

the number to be stored exceeds the allowable ranges,

the highest digits will overflow until an allowable number is

reached. The over-flowed digits are lost and can no longer

be accessed by the user. Leading zero’ s are not

accommodated, i.e. 0127 will actually be stored as 127

only. This operation is similar to that of the TKY

instruction.

e) The HKY instruction may only be used ONCE .

f) Normal operation requires 8 scans to read the key

inputs. To achieve a steady and repeatable

performance, constant scan mode should be used,

i.e. M8039 is set ON and a user defined scan time is

written to register D8039. However, for a faster

response the HKY instruction should be

programmed in a timer interrupt routine as shown in the example opposite.

Operation 2 - Using the HKY Instruction With
M8167:

(Applicable units: )

When the HKY instruction is used with flag
M8167 ON (as shown right), the operation of
keys Athrough F allow actual entry of the
Hexadecimal values of Athrough F respectively
into the data device D2 .This is in addition to the
standard 0 through 9 keys. All other operation is
as specified in * Operation 1 - Standard’ .
Maximum storage values for this operation
become FFFF in 16 bit mode and FFFFFFFF in 32 bit (double word) mode.
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5.8.3 DSW (FNC 72)

[S][D1][D2] [n]

X0
H}—{Dsw|xm|vm|nﬂ|m H

providing a single digit input.

Points to note:

a) When n = 1 only one set of switches are read. The
multiplex is completed by wiring the thumbwheels in
parallel back to 4 consecutive inputs from the head
address specified in operand S. The (4 digit) data
read is stored in data device D 2.

Continued on next page...

b) When n= 2, two sets of switches are read. This
configuration requires 8 consecutive inputs taken
from the head address specified in operand S. The
data from the first set of switches, i.e. those using the
first 4 inputs, is read into data device D 2 . The data
from the second set of switches (again 4 digits) is
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) . Operands
Mnemonic Function Program steps
S D1 D2 n
DSW Multiplexed X Y TCDVZKH DSW:
FNC 72 reading of n sets | Note: Note: Note: If = 9 steps
(Digital of digital (BCD) Ifn=2then |uses4  In=2then2 | o
switch) thumbwheels 8 consecutive | devices n=1 ‘or 2
devices |devices  lglse 1.
else 4.
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | Qemion o
Operation:

This instruction multiplexes 4
outputs (D1) through 1 or 2(n) sets
of switches. Each set of switches
consists of 4 thumbwheels
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read into data device D2+1 .

¢) The outputs used for multiplexing (D 1 )are cycled for as long as the DSW instruction is
driven. After the completion of one reading, the execution complete flag M8029 is set. The
number of outputs used does not depend on the number of switches n.

d) If the DSW instruction is suspended during mid-operation, when it is restarted it will
start from the beginning of its cycle and not from its last status achieved.

e) Itis recommended that transistor output units are used with this instruction. However, if
the program technique at the right is used, relay output units can be successfully operated
as the outputs will not be continually active.

f) The DSW instruction may be used TWICE on  controllers. / HCA2 units can operate
an Unlimited number of DSW instructions.

5.8.4 SEGD (FNC 73)

) . Operands
Mnemonic Function s D Program steps
SEGD Hex data is K.H KnY, KnM, KnS, SEGD,
FNC 73 decoded into a KnX, KnY, KnM, KnS, |T,C,D,V,.Z SEGDP:
(Seven format used to T.C, DV, Z Note: The upper 8 bits |5 steps
segment drive seven Note: Uses only the remain unchanged
decoder) segment displays |lower 4 bits
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | zero mso20
Operation:
[S] [D] Assingle hexadecimal digit (0 to 9, Ato F)

X0
F————SEGD| DO |KEY0H occupying the lower 4 bits of source device
S is decoded into a data format used to drive
It can be seen that a seven segment display. A representation
B7 is NOT used. | ofhe hex digitis then displayed. The
gleesTiE:tifn? d:\fic;hg decoded data is stored in the lower 8 bits of
will always be OFF, destination device D. The upper 8 bits of the
same device are not written to. The diagram
opposite shows the bit control of the seven
segment display. The active bits correspond to those set to 1 in the lower 8 bits of the
destination device D.
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5.8.5 SEGL (FNC 74)

) . Operands
Mnemonic Function Program steps
S D n
SEGL Writes data to K, H Y K, H, 54 SEGL:
FNC 74 multiplexed single | KnX, KnY, MNote: Note: 7 steps
(Seven digit displays -4 | KnM, KnS n=0to 3,8 n=0 io 3 1 set
segment digits per set, TC,D,V, Z outputs are of 7 Seg ,active
with latch) max. 2 sets used n=4107. 2 sets
N=4107.12 |57 Seg active
outputs are
used
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | 2eten oo
Operation:

0 [S] [D] [n] This instruction takes a source decimal value
‘_¢ ——{SEGL[ DO [ Y0 |Ka }_{ (S) and writes it to a set of 4 multiplexed,
outputs (D). Because the logic used with
latched seven segment displays varies
between display manufactures, this instruction can be modified to suit most logic
requirements. Configurations are selected depending on the value of n, see the following

page.

Points to note:

a) Data is written to a set of multiplexed outputs (D+0to D+7, 8 outputs) and hence seven
segment displays. A set of displays consists of 4 single digit seven segment units. A
maximum of two sets of displays can be driven with this instruction. When two sets are
used the displays share the same strobe outputs (D +4 to D+7are the strobe outputs). An
additional set of 4 output devices is required to supply the new data for the second set of
displays (D +10 to D +13, this is an octal addition). The strobe outputs cause the written
data to be latched at the seven segment display.

b) Source data within the range of 0 to 9,999 (decimal) is written to the multiplexed outputs.
When one set of displays are used this data is taken from the device specified as operand
S. When two sets of displays are active the source device S+1supplies the data for the
second set of displays. This data must again be within the range 0 to 9,999. When using
two sets of displays the data is treated as two separate numbers and is not combined to
provide a single output of 0 to 99,999,999.

¢) The SEGL instruction takes 12 program scans to complete one output cycle regardless
of the number of display sets used. On completion, the execution complete flag M8029 is
set.
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-

Note: A single set of strobe signals are always used
regardless of the number of display sets.

Transistor Output (Source)

Tvifwafwalevi]va[ws]we ] vy hv;lY-oIYnlYﬂlYﬂJ
I R ] 1]z _Ja_Je

BCD
data
signals

L]
1 1 1 ]
) 10 |16 [10' |1 , 1d* |1d [1d |ad’ .
AEEREE
Display set 1 T Display set 2

In this example it has
been assumed that the
seven segment displays
accept data HIGH inputs
and latch when a HIGH
signal is received

d) If the SEGL instruction is suspended during mid-operation, when it is restarted it will
start from the beginning of its cycle and not from its last status achieved.

€) The SEGL instruction may be used TWICE on controllers.

operate an Unlimited number of SEGL instructions.

Selecting the correct value for operand n

The selection of parameter n depends on 4 factors;

1) The logic type used for the PLC output

2) The logic type used for the seven segment data lines
3) The logic type used for the seven segment strobe signal

&HCAZ2 units can

Device considered

Positive logic

Negative logic

Source output Sink output
Pull-up
V1 - resistor
HIGH v+
Y
PLC Logic Y
oV LOW
ov
Pull-down cO
With a source output, when the With a sink output, when the output
output is HIGH the internal logic is *1' | is LOW the internal logic is ‘1’
Seven Strobe Data is latched and held when this Data is latched and held when this
segment |Signal logic | signalis HIGH, i.e. its logic is "1’ signal is LOW, i.e. its logic is "1’
Display  |Data Active data lines are held HIGH, Active data lines are held LOW, i.e.
logic signal logic |i.e. they have a logic value of "1’ they have a logic value of ‘1’

There are two types of logic system available, positive logic and negative logic.
Depending on the type of system, i.e. which elements have positive or negative logic the
value of n can be selected from the table below with the final reference to the number of
sets of seven segment displays being used.
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Seven segment display logic n
PLC Logic = - - =
Data Logic Strobe logic 1 display set | 2 display sets
Positive (source) Positive (High) Positive (High) 0 4
Negative (sink) Negative (Low) Negative (Low)
Positive (source) Positive (High) Negative (Low) 1 5
Negative (sink) Negative (Low) Positive (High)
Positive (source) Positive (High) Negative (Low) 9 6
Negative (sink) Negative (Low) Positive (High)
Positive (Source) Positive (High) Positive (High) 3 .
Negative (sink) Negative (Low) Negative (Low)
5.8.6 ARWS (FNC 75)
) . Operands
Mnemonic Function Program steps
S D1 Dz n
ARWS Creates a user X, YM,8 |ITC,D,VZ|Y K, H ARWS:
FNC 75 defined, (4 key) Note: Note: data | Note: 52 9 steps
(Arrow numeric data uses 4 isstoredin |uses 8 Note:
switch) entry panel consecu- |adecimal |consecu- n=0to 3
tive format tive '
devices devices
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X0 [S1[D1]1(D2] [n] This instruction displays the contents of a
}_‘ F{ARws[x 10[ Do Yo KO }_{ single data device D1 on a set of 4 digit, seven

segment displays. The data within D1 is

actually in a standard decimal format but is automatically converted to BCD for display on
the seven segment units. Each digit of the displayed number can be selected and edited.
The editing procedure directly changes the value of the device specified as D1 .

Points to note:
a) The data stored in destination device D1 can have a value
from the range 0 to 9,999 (decimal), i.e. 4 digit data. Each digits
data value, can be incremented (S +1) or decremented (S+0) by
pressing the associated control keys. The edited numbers
automatically ‘ wrap-around’ from 9-0-1 and 1 -0 - 9. The digit
data is displayed by the lower 4 devices from D 2 ,i.e.D 2+0to D

2+3.
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b) On initial activation of the ARWS instruction, the digit in the numeric position 10 3 is
currently selected. Each digit position can be

sequentially  cursored through ’ by moving to the

left (S +2) or to the right (S +3). When the last digit

is reached, the ARWS instruction automatically

wraps the cursor position around, i.e. after position

103, position 10 0 is selected and vice-versa. Each

digit is physically selected by a different ‘ strobe’

output.

¢) To aid the user of an operation panel controlled with the ARWS instruction, additional
lamps could be wired in parallel with the strobe outputs for each digit. This would indicate
which digit was currently selected for editing.

d) The parameter n has the same function as parameter n of the SEGL instruction,

‘ Selecting the correct value for operand n‘ . Note: as the ARWS instruction only controls
one set of displays only values of 0 to 3 are valid for n.

e) The ARWS instruction can be used ONCE . This instruction should only be used on
transistor output PLC ’s.

5.8.7 ASC (FNC 76)

) . Operands
Mnemonic Function s D1 Program steps
ASC An entered Alphanumericdatae.g. |T.C,D ASC
FNC 76 alphanumeric 09 A-Zanda-zetc. |Note: : 7 steps
(ASCll code |string can be Note: Only one, 8 uses 4 consecutive
conversion) |converted to its character string may be |devices
ASCII codes entered at any one
time.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X0 [S] [D] The source data string S consists of

‘_‘ |_| ASC | FX-B4AMR! |DSDG }_{ up to 8 characters taken from the
printable ASCII character (Char) set.

If less than 8 Char are used,

The difference is made up with null Char(ASCII 00).

The source data is converted to its associated ASCII codes. The codes are then stored in
the destination devices D, see example shown below.
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Byte
D
High Low
D300 58 (X) 46 (F)
D301 36 (6) 2D (-)
D302 4D (M) 34 (4)
D303 21 (1) 52 (R)

Note: ASCII Char cannot be entered from a hand held programmer.

5.8.8 PR (FNC 77)

) . Operands
Mnemonic Function S D Program steps
1
PR Outputs ASCII T.C,D Y PR:
FNC 77 data to items Note: 8 byte mode (M8027=0FF) Note: uses |5 steps
(Print) such as display uses 4 consecutive devices 10
units 16 byte mode (M8027= ON) uses 8 consecutive
consecutive devices devices.
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | emen o
Operation:
[S] [D] Source data (stored as ASCII values) is

X0
F—— PR |D300| Y0 }—‘ read byte by byte from the source data
devices. Each byte is mapped directly to

the first 8 consecutive destination devices
D +0to D +7). The final two destination bits provide a strobe signal (D +10 , numbered in
octal) and an execution/busy flag (D +11 ,in octal).

Points to note:

a) The source byte-data maps the lowest bit to the first destination device D+0.
Consequently the highest bit of the byte is sent to destination device D +7.

b) The PR instruction may only be used TWICE in a sequence program. This instruction
should only be used on transistor output PLC ’s. The PR instruction will not automatically
repeat its operation unless the drive input has been turned OFF and ON again.

¢) The operation of the PR instruction is program scan dependent. Under standard
circumstances it takes 3 program scans to send 1 byte. However, for a faster operation
the PR instruction could be written into a timer interrupt routine similar to the one
demonstrated for HKY.
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d)8 byte operation has the following timing diagram. It
should be noted that when the drive input (in the
example XO0) is switched OFF the PR instruction will
cease operation. When it is restarted the PR
instruction will start from the beginning of the message
string. Once all 8 bytes have been sent the
execution/busy flag is dropped and the PR instruction
suspends operation.

€) 16 byte operation requires the special auxiliary flag
M8027 to be driven ON (it is recommended that
MB8000 is used as a drive input). In this operation mode
the drive input (in the example X0) does not have to be
active all of the time. Once the PR instruction is
activated it will operate continuously until all 16 bytes
of data have been sent or the value 00H (null) has
been sent. Once the operation is complete the

execution/busy flag (D +11 ,octal)is turned OFF and M8029 the execution complete flag is

set.

5.8.9 FROM (FNC 78)

) . Operands
Mnemonic Function Program steps
m1 m2 D n
FROM Read data from K, H 2 K, H 4 KnY, KnM, | K, H &< FROM,
FNC 78 the buffer Note: Note: KnS, T, C, | Note: FROMP:
(FROM) memories of mi=01to 7 | m2= FX() D.V.Z 16 bit op: 9 steps
attached special 0 to 31 n=1to 32 DFROM,
function blocks FXon 0 to 32 bitop: |DPFROMP:
32767 n=1to 16 |17 steps
‘ 16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

[m1][m2] [D] [n]

K2 | K10| D10]| K6 }—{

X1
}—I —FROM|

The FROM instruction reads n
words of data starting from the
buffer memory address m2 of the
special function block with the

logical block position specified as m 1, The read data is stored in the PLC at head address

D for n word devices.

181



fec

intelligent solutions worldwide

Points to note:

a) All special function blocks which are addressable with the FROM/TO instructions are
connected to the extension bus on the right hand side of the PLC. Each special function
block can be inserted at any point within the chain of extended units (as long as the
system configuration rules are not broken). Each special function block is consecutively
addressed from 0 to 7 beginning with the one closest to the base unit

b) Each special function unit has different buffer memory registers. These often have a
dedicated use for each individual unit. Before any reading or writing of data is undertaken
ensure that the correct buffer memory allocations for the unit used are known. m 2 : This
defines the head address of the (special function blocks) buffer memories being accessed.
m 2 may have a value from the range 0 to 31. n: This identifies the number of words which
are to be transferred between the special function block and the PLC base unit. n may
have a value of 1 to 31 for 16 bit operation but a range of 1 to 16 is available for 32 bit
operation.

¢) The destination head address for the data read FROM the special function block is
specified under the D operand; and will occupy n further devices.

d) This instruction will only operate when the drive input is energized.

e) Users of all PLC models have the option of allowing interrupts to occur immediately, i.e.
during the operation of the FROM/TO instructions or to wait until the completion of the
current FROM/ TO instruction. This is achieved by controlling the special auxiliary flag
M8028. The following table identifies certain points associated with this control and
operation.

Interruption Disabled Interruption Enabled
M8028 = OFF M8028 = ON

Jumps called by interrupt operation are delayed
until the completion of the data transfer of the
FROM/TQO instruction

Jumps called by interrupt operation occur
immediately

Data transfer will resume upon return from the
interrupt program. This may not be desirable if a
FROM/TO instruction has been programmed
within the called interrupt

A small delay of (800m +200) usec can be
expected in the worst case. Note: m = the number
of 32 bit words

Ensures that FROM/TO instructions included in M8028 should only be used when a very short
an interrupt program will not interact with others | delay is required in applications where timing and
elsewhere accuracy's are important

Users of  have no option for interruption of the FROM/TO instructions and hence always
operate in a mode equivalent to having M8028 switched OFF.
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5.8.10 TO (FNC 79)

) . Operands
Mnemonic Function Program steps
m1 m2 S n
TO Writes data to the |k H 5= K, H K.H, KnX, | K, H&= TO, TOP:
FNC 79 buffer memories . . KnY, KnM . 9 steps
Note: Note: ’ ' | Note:
(TO) of attached mi=0to7 |m2=0to |KNS: T, C\ |16 bit op:
special function 32767 D.VZ n=1to 32 DTO, DTOP:
blocks 32 bit op: 17 steps
n=1to 16
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
The TO instruction writes n words
[m1][m2] [S] [n]

‘_H_[ o ’ H2 [ K10 D20] K1 }_I of data to the head buffer memory

address m2 of the special function
block with the logical block
position specified in m1 . The written data is taken from the PLC ’s head address S for n
word devices.

Points to note:

All points are the same as the FROM instruction (see previous page) except point ¢) which
is replaced by the following:

a) The source head address for the data written TO the special function block is specified
under the S operand.
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te

Applied Instructions:

1.

2.

1

0.

1.

12.

13.

14.

15.

16.

17.

FNC 00-09

FNC 10- 19

FNC 20- 29

FNC 30- 39

1

FNC 40 - 49

m
=
3]
s E
'
=1
w

FNC 70 - 79

FNC 80 - 89

FNC 140-149

FNC 150-159

FNC 160-169

FNC 180-189

FNC 220-249

C

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/O Devices
External FX Serial Devices

Floating Point 1 & 2

Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons

184

5-4

5-16

-, X, +)

5-24
5-34

5-42

5-52

5-66

5-80

5-94

5-110

5-118

5-122

5-126

5-136

5-146

5-146

5-150
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Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D 1 ,S3 or for lists/tabled devices D3+0, S +9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Ycy¥c¥c - Aninstruction operating in 16 bit mode, where s Y v identifies the instruction
mnemonic.

Y ¥¢ ¥¢P - A 16 bit mode instruction modified to use pulse (single) operation.

D¥¢¥¢¥% - An instruction modified to operate in 32 bit operation.

D Yo% P - A32 bit mode instruction modified to use pulse (single) operation.

¥ - ‘Arepetitive instruction which will change the destination value on every scan unless

madified by the pulse function.

" An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.
5.9.1 RS (FNC 80)

s

D1G]K5|D20]K5}—{

Main Processing Unit.

185

) . Operands
Mnemonic Function Program steps
S m D n
RS Used to control D K., H, D K, H, RS: 9 steps
FNC 80 serial (including |D D
(Serial Com- |communications |file 54 =
munications |from/to the registers) m=1to m=1to
instruction) | programmable 256. FX2N 256 FX2N
controller 1 to 4096. 1to 4096
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | sommibi
Operation:
[S] [m] [D] [n] This instruction performs the direct

control of communications over
communication adapters which
connect to the left hand port of the
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Points to note:

a) This instruction has many automatically defined devices. These are listed in the boxed
column to the right of this page.

b) The RS instruction has two parts, send (or transmission) and receive. The first
elements of the RS instruction specify the transmission data buffer (S) as a head address,
which contains m number of elements in a sequential stack. The specification of the
receive data area is contained in the last two parameters of the RS instruction. The
destination (D) for received messages has a buffer or stack length of n data elements. The
size of the send and receive buffers dictates how large a single message can be. Buffer
sizes may be updated at the following times:

1) Transmit buffer - before transmission occurs, i.e. before M8122 is set ON

2) Receive buffer - after a message has been received and before M8123 is reset.

c¢) Data cannot be sent while a message is being received, the transmission will be
delayed - see M8121.

d) More than one RS instruction can be programmed but only one may be active at any
one time.

e) Refer to the HC Communications Manual when using this function

Assigned devices

Data devices:

D8120 - Contains the configuration parameters for communication, i.e. Baud rate, Stop
bits etc. Full details over the page

D8122 - Contains the current count of the number of remaining bytes to be sent in the
currently transmitting message.

D8123 - Contains the current count of the number of received bytes in the ‘incoming’
message.

D8124 - Contains the ASCII code of the character used to signify a message header -
defaultis * STX’, 02 HEX.

D8125 - Contains the ASCII code of the character used to signify a message terminator
-defaultis “ ETX’ ,03HEX.

Operational flags:

M8121 - This flag is ON to indicate a transmission is being delayed until the current
receive operation is completed.

M8122 - This flag is used to trigger the transmission of data when it is set ON.

M8123 - This flag is used to identify (when ON) that a complete message has been
received.

M8124 - Carrier detect flag. This flag is for use with BRASILTEC Main Processing Units.
It is typically useful in modem communications

M8161 - 8 or 16 bit operation mode ON = 8 bit mode where only the lower 8 bits in each
source or destination device are used, i.e. only one ASCII character is stored in one data
register OFF = 16bit mode where all of the available source/ destination register is used,
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i.e. two ASCII characters are stored in each data register

5.9.2 RUN (FNC 81)

) . Operands
Mnemonic Function S D Program steps
PRUN Used to control KnX, KnM KnY, KnY PRUN,
FNC 81 the FX parallel Note: PRUNP:
(Parallel run) |link adapters: n=1to8 5 steps
FX2-40AW/AP For ease and convenience, the head address DPRUN,
bit DPRUNP:
should be a multiple of ‘10", e.g. X10, M100, |9 Steps
Y30 etc.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
This instruction is used with the
[S] [D]

source data to be moved into the bit
transmission area. The actual
control of the parallel link communication is by special M flags.

X6 _
’—1 l—|PRUN|K2}<1 0|K2M81d—{ parallel link adapters. It allows

Points to note:

a) Parallel link communications automatically take
place when both systems are ‘ linked ’ and the
Master station (M8070), Slave station flags (M8071)
have been set ON (there is no need to have a
PRUN instruction for communications).

There can only be one of each type of station as
this system connects only two PLC’ s. The
programs shown opposite should be inserted into
the appropriate PLC ’s programs.

Once the station flags have been set, they can only be cleared by either forcibly

resetting them when the PLC is in STOP mode or turning the power OFF and ON again.
b) During automatic communications the following data is ‘swapped’ between the Master
and Slave PLC’s.
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Master station Communication Slave Station
Bit Data direction Bit Data
M800 to M899 (100 points) o M800 to M899 (100 points)
M8070 = M900 to M999 (100 points) — M900 to M999 (100 points) | M80T71 =
ON Data words Data words ON
D490 to D499 (10 points) o D490 to D499 (10 points)
D500 to D509 (10 points) — D500 to D509 (10 points)

¢) The PRUN instruction enables data to be moved into the bit transmission area or out of
the (bit) data received area. The PRUN instruction differs from the move statement in that
it operates in octal. This means if K4X20 was moved using the PRUN instruction to

K4M920, data would not be written to M928 and M929 as these devices fall outside of the
octal counting system. This can be seen in the diagram below.

K4X20

[ x37] x36] X35] X34 [ X33 x32[ X31 [ X30[ X27] x26 [ x25 [ x24 [ X23 [ x22] X21] X20]

K4M920

[Mo37] Ma36] Ma35] M934] Ma33] M932] M93 1| Mo30M928 [M828 M9 27] M9 26 Ma25] M924] M923] Ma22| M92 1] Ma20|

5.9.3 ASCI (FNC 82)

These devices are not written to with

the PRUN instruction

ASCII code.

This is then stored at the destination (D) for n number of bytes.

Points to note:

i . Operands
Mnemonic Function Program steps
S D n
ASCI Converts a data K, H, KnX, KnY, Knh, K, H ASCI,
FNC 82 value from KnY, KnS ASCIP:
(Converts hexadecimal to KnM, KnS TC,D Note: 7 steps
HEX to ASCII T.C,D,V.Z n=1to 256
ASCII) =
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
This instruction reads n
X7 [S] [D] [n] |
~sci D8 120 hexadecimal data characters from
| | | K6 head source address (S) and

converts them in to the equivalent

Please note that data is converted ‘as read’, i.e. using the example above with the
following data in (D9,D8) ABCDH,EF26H. Taking the first n hexadecimal characters (digits)
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from the right (in this case n=6) and converting them to ASCI will store values in 6
consecutive bytes from D20, i.e. D20 = (67, 68), D21 = (69, 70) and D22 = (50, 54)
respectively. In true characters symbols that would be read asCDEF26.

This can be shown graphically as in the

table to the right. Please take special Source (S)| Data —

note that the source data (S) read from :::5 2 DE:D"?' on Al_zxdl ci; Symbol
the most significant device to the least D o e s win| 43 | 67 | ©
significant. While the destination data (D) b0-3 D |— D20 w7 | 44 | 68 | D
is read in the opposite direction. brais| B [ =] 45 ] 60| E
The ASCl instruction can be used with e L b7 | 46 | 70 | P
the M8161, 8 bit/16bit mode flag. The BT 2 3 815 | 32 | 50| 2
example to the right shows the effect e HCH S w7 ||| 6

when M8161 is OFF.
If M8161 was set ON, then only the lower destination byte (b0-7) would be used to store
data and hence 6 data registers would be required (D20 through D25).

ASCII Character Codes

The table below identifies the usable hexadecimal digits and their associated ASCII
codes.

HEX

0|12 |3|4|5|6|7|8|9 A|B|C|D|E]|F
Character

Ascl([HEX | 30 | 31 (32 |33 |34 (35|36 |37 |38 | 39 |41 (42 |43 | 44 | 45 | 46

Code |DEC |48 |49 |50 (51|52 |53 |54 |55 |56 |57 | 65|66 |67 |68|69 |70

Character
Symbol

5.9.4 HEX (FNC 83)

i . Operands
Mnemonic Function Program steps
L D n
HEX Converts a data K, H, KnX, KnY, | KnY, KnM, KnS |K, H HEX,
FNC 83 value from ASCIl | KnM, KnS TC.D. V. Z HEXP:
(Converts intoa TC,D Note: 7 steps
ASCIl to hexadecimal n=1to 256
HEX) equivalent 52
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
M10 [S] [D] [n]

——— HEX | D50 | D20 | K 4 }—{
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This instruction reads n ASCII data bytes from head source address (S) and converts
them in to the equivalent Hexadecimal character. This is then stored at the destination (D)
for n number of bytes.

Points to note:

Please note that this instruction ‘works in reverse’ to the ASCI instruction, i.e. ASCI| data
stored in bytes is converted into associated hexadecimal characters. The HEX instruction
can be used with the M8161 8bit/16bit flag. In this case the source data (S)is read from
either the lower byte (8bits) when M8161 is ON, or the whole word when M8161 is OFF i.e.
using the example above with the following

data in devices D50 and D51 respectively

(43H,41H)(42H,31H) and assuming M8161 is

ON. The ASCII data is converted to its

hexadecimal equivalent and stored

sequentially digit by digit from the destination

head address. If M8161 had been OFF, then the contents of D20 would read CAB1H.

For further details regarding the use of the HEX instruction and about the available

ASCII data ranges, please see the following information point ‘ASCII Character Codes’
under the ASCI instruction on the previous page.

: If an attempt is made to access an ASCII Code (HEX or Decimal) which falls

outside of the ranges specified in the table on previous page, the instruction is not
executed. Error 8067 is flagged in data register D8004 and error 6706 is identified in
D8067. Care should be taken when using the M8161 flag, and additional in the
specification of the number of element ‘n‘ which are to be processed as these are the
most likely places where this error will be caused.

5.9.5 CCD (FNC 84)

) ) Operands
Mnemonic Function Program steps
S D n

CcCcD Checks the KnX, KnY, KnM, | KnY, KnM, KnS |K, H CCD,

FNC 84 ‘vertical parity of |Kn3 T.C,D D CCDP:

(Check a data stack TC,D Note: 7 steps

Code) n=1to 256

&

190



fec

intelligent solutions worldwide

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
This instruction looks at a byte (8
[S] [D] [n] bit) stack of data from head

X0
}—1 }—{ CCD |D1EI'D| Do | K6 }—| address (S)for n bytes and

checks the vertical bit pattern for
parity and sums the total data
stack. These two pieces of data are then stored at the destination (D).

Points to note:

a) The SUM of the data stack is stored at destination D while the Parity for the data stack
is stored at D+1.

b) During the Parity check an even result is indicated by the use of a 0 (zero) while an odd
parity is indicated by a 1 (one).

¢) This instruction can be used with the 8 bit/ 16 bit mode flag M8161. The following
results will occur under these circumstances.

MB161=OFF ME161=0N

Sourse (S) Bit patterm Sourse (S) Bit patterm

o100 HIEEL A [ [ A[A[A][A]A]1 DIOO L [FE| A [1[1[1[[1[1]1
L[FF[A A1 D01 L |00|0[0|0[0[0[0[0]0O

orog HEEEL A LT[ A D02 L [oF|o|o0|ofo[1[1[1]1
L[oo[o[o[o[o[o]0]0]0 DI03 L |Fo|1]|1]1|1/0[0]0]0O

oz HIFO1[1[1[1[0]o]o]o0 Dlo4 L |Fo|1]|1]1[1]0[0]0]0O
L[oF|ofofolol 1] D105 L [oF[0]o0 0011 [1]1

Vertical Vertical

party olo|o|o|o|o|o|o party tl1|1|1|1|1|1]|1
D1 D1

SUM DO 3FC SUM DO 2FD

It should be noted that when M8161 is OFF ‘n’ represents the number of consecutive
bytes checked by the CCD instruction. When M8161 is ON only the lower bytes of ‘n’
consecutive words are used.

The ‘SUM’ is quite simply a summation of the total quantity of data in the data stack. The
Parity is checked vertically through the data stack as shown by the shaded areas.

5.9.6 VRRD (FNC 85)

) . Operands
Mnemonic Function S b Program steps
VRRD Reads an analog |K, H KnY, KnM, KnS | VRRD,
FNC 85 value from 1 of 8 | Note: TC,D,V2Z VRRDP:
(Volume volume inputson |[S=0to 7 5 steps
read) the FX-8AV corresponding to the 8 available
volumes on the FX-8AV
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16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:

The identified volume (S) on the
(S] [D] )

xnl | 8AV is read as an analog input.
URRD' KO | DO H The analog data is in an 8 bit

format, i.e. values from 0 to 255

are readable. The read data is stored at the destination device identified under operand D.

Note:

The 8AV volume ‘inputs’ are able to be read in two formats, a) as an analog value and b)
as an 11 (0 to 10) position rotary switch. The second use is described in the VRSC
instruction (FNC 86).

5.9.7 VRSD (FNC 86)

i . Operands
Mnemonic Function S D Program steps
VRSC Reads the set K, H KnY, KnM, KnS | VRSC,
FNC 86 position value, 0 | Note: TC,D,V Z VRSCP:
(Volume to 10, from S=0to7 5 steps
scale) volume inputs on | corresponding to the 8 avail-
the FX-8AV able
volumes on the FX-8AV
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
The identified volume (S) on the
[S] [D] 8AV is read as a rotary switch with

X0
—————VRSC]|

K1 | D1 H 11 set positions (0 to 10). The
position data is stored at device D
as an integer from the range 0 to

10.

Note:

The 8AV volume ‘inputs’ are able to be read in two formats, a)asa11(0to10)position
rotary switch and b) as an analog value. The second use is described in the VRRD
instruction (FNC 85).
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5.9.8 PID (FNC 88)

) ) Operands
Mnemonic Function Program steps
S1 S2 S3 D

PID Receives adata |ppg D&2 D2 PID:
FNC 88 input and 9 steps
(PID calculatesa Note: S1and Sz2| Note: S3 Note: D
con'!trol loop) correctwg action | e 4 single uses 25 uses a single
register each |to a specified data register | consecutive | data register

level based on data registers

PID control

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

This instruction takes a current
value (S2) and compares it to a
predefined set value (S1). The
difference or error between the
two values is then processed
through a PID loop to produce a correction factor which also takes into account previous
iterations and trends of the calculated error. The PID process calculates a correction
factor which is applied to the current output value and stored as a corrected output value
in destination device (D). The setup parameters for the PID control loop are stored in 25
consecutive data registers S3+0 through S3+24.

[S1]1[S2][S3] [D]

X10
’—H—[PID]D1B|D19|DED|D¢IE}—{

Points to note:

a) Every PID application is different. There will be a certain amount of “trial and error”
necessary to set the variables at optimal levels.

b) On F &HCA2 MPUs a Pre-tuning feature is available that can quickly provide initial
values for the PID process.

¢c) The does not have analog capabilities, it is therefore necessary to use RS232
communications to achieve basic PID operation.

d) As 25 data register are required for the setup parameters for the PID loop, the head
address of this data stack cannot be greater than D975. The contents of this data stack
are explained later in this section. Multiple PID instructions can be programmed, however
each PID loop must not have conflicting data registers.

€) There are control limits in the PLC intended to help the PID controlled machines
operate in a safe manner. If it becomes necessary to reset the Set Point Value (S1 ) during
operation, it is recommended to turn the PID command Off and restore the command after
entering the new Set Point Value. This will prevent the safety control limits from stopping
the operation of the PID instruction prematurely.

f) The PID instruction has a special set of error codes associated with it. Errors are
identified in the normal manner. The error codes associated with the PID loop will be
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flagged by M8067 with the appropriate error code being stored in D8067. These error
devices are not exclusive to the PID instruction so care should be taken to investigate
errors properly. Please see chapter 6,'Diagnostic Devices’ for more information.

g) Afull PID iteration does not have to be performed. By manipulation of the setup
parameters P (proportional), | (Integral) or D (derivative) loops may be accessed
individually or in a user defined/selected group. This is detailed later in this section.

PID Equations
Forward PV > SV

T
AMV = KP{(EVn —EV,_))+ T—F’E‘Un+ Dn}
|

EV, = PV, —SV

Kp-Tp

— 0 D D
Ts+Kp- Ty

TD
D, = =———2—n(=2PV,,_,+PV _+PV__,)+
n T5+KD'TD( nf-1 nf nf—_]

n—1

STOP

MV, = 3 AMV
SV >PV

T
AMV = KP{{EVH—EVH_ )+ ?SEVH+ Dn}
|

EV, = SV-PV,,

Ky, T,

T
D —D(EPVH_ =PV =PVys )+t 77— D, _
- f-1 £ =) T T TR, Ty 1

n=T5+KD‘T

MV, = 3 AMVA

PV,i= PV, + 0(PVq - PV,)

EV, = the current Error Value D, = the Derivative Value

EV,_q = the previous Error Value D,.4 = the previous Derivative Value
SV = the Set Point Value (S1) Kp = the Proportion Constant

PV, = the current Process Value (S») o = the Input Filter

PV, = the calculated Process Value Tg = the Sampling Time

PVys.1 = the previous Process Value T, = the Integral Time Constant
PVys.2 = the second previous Process Value Tp = the Time Derivative Constant
AMV = the change in the Output Kp = the Derivative Filter Constant

Manipulation Values
MV, = the current Qutput Manipulation Value (D)

Please see the Parameter setup section for a more detailed description of the variable

parameters and in which memory register they must be set.
Forward and Reverse operation (S3 +1, b0)
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The Forward operation is the condition where the Process Value, PVnf , is greater than
the Set Point, SV. An example is a building that requires air conditioning. Without air
conditioning, the temperature of the room will be higher than the Set Point so work is
required to lower PV nf . The Reverse operation is the condition where the Set Point is
higher than the Process Value.

An example of this is an oven. The temperature of the oven will be too low unless some
work is done to raise it, i.e. - the heating element is turned On.

The assumption is made with PID control that some work will need to be performed to
bring the system into balance. Therefore, AMV will always have a value. Ideally, a system
that is stable will require a constant amount of work to keep the Set Point and Process
Value equal.

PID setup parameters; S3

The PID setup parameters are contained in a 25 register data stack. Some of these
devices require data input from the user, some are reserved for the internal operation and
some return output data from the PID operation. Parameters S3+0 through S3 +6 must be
set by the user.

Parameter S3 Parameter Description Setting range
+P name/function
S3+0 Sampling time | The time interval set between the reading the | 1to 32767
TS current Process Value of the system (PVnf) msec
S3+1 Action - bO Forward operation(0), Reverse Not
reaction operation (1) applicable
direction and bl Process Value (PVnf) alarm enable,
alarm control OFF(0)/ ON(1)
b2 Output Value (MV) alarm enable,
OFF(0)/ON(1)
b3 - Reserved
15
S3+2 Input filter a Alters the effect of the input filter. 0 to 99%
S3+3 Proportional This is a factor used to align the 1to
gain KP proportional output in a known magnitude to 32767%
the change in the Process Value (PV nf). This
is the P part of the PID loop
S3+4 Integral time This is the | part of the PID loop. (0 to 32767)
constant Tl This is the time taken for the corrective x 100 msec
integral value to reach a magnitude equal to
that applied by the proportional or P part of
the loop. Selecting 0 (zero) for this parameter
disables the | effect.
S3+5 Derivative This is the D part of the PID loop. (0 to 32767)
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gain KD This is the time taken for the corrective x10msec
derivative value to reach a magnitude equal
to that applied by the
proportional or P part of the loop. Selecting 0
(zero) for this parameter disables the D
effect.
S3+7to Reserved for use for the internal processing
S3+19
S3+20 Process Value, | Active This is a user defined maximum | O to 32767
maximum when limit for the Process Value
positive S3+1, bl | (PVnf). If the Process Value
change is set (PVnf) exceeds the limit, S3+24,
ON. bit b0 is set On
S3+21 Process Value, This is a user defined lower limit
minimum value for the Process Value. If the
Process Value (PVnf) falls below
the limit, S3+24, bit bl is set On
S3+22 Output Value, Active This is a user defined maximum
maximum when limit for the quantity of positive
positive S3+1, b2 | change which can occur in one
change is set PID scan. If the Output Value
ON. (MV) exceeds
this, S3+24, bit b2 is set On
S3+23 Output Value, This is a user defined maximum
maximum limit for the quantity of negative
negative change which can occur in one
change PID scan. If the Output Value
(MV) falls below the lower limit,
S3+24, bit b3 is set On
S3+24 Alarm flags b0 High limit exceeded in Process Not
(Read Only) Value (PVnf) applicable
bl Below low limit for the Process
Value (PVnf)
b2 Excessive positive change in
Output Value (MV)
b3 Excessive negative change in
Output Value (MV)
b4 - 15 Reserved

Configuring the PID loop
The PID loop can be configured to offer variations on PID control. These are as follows:
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Control Selection via setup registers L
Description
method S3+3 (Ke) S3+ 4 (Th) S3+ 6 (To)
P User value Set to 0 (zero) | Setto 0 (zero) Proportional effect only
Pl User value User value Set to 0 (zero) Proportional and integral effect
PD User value Set to 0 (zero) User value Proportional and derivative effect
PID User value User value User value Full PID

It should be noted that in all situations there must be a proportional or ‘P’ element to the
loop.

P - proportional change

When a proportional factor is applied, it calculates the difference between the Current
Error Value, EVn, and the Previous Error Value, EV n-1. The Proportional Change is
based upon how fast the Process Value is moving closer to (or further away from) the Set
Point Value NOT upon the actual difference between the PVnf and SV.

Note: Other PID systems might operate using an equation that calculates the Proportional
change based upon the size of the Current Error Value only.

| - integral change

Once a proportional change has been applied to an error situation, ‘fine tuning’ the
correction can be performed with the | or integral element. Initially only a small change is
applied but as time increases and the error is not corrected the integral effect is increased.
It is important to note how T | actually effects how fast the total integral correction is
applied. The smaller T | is, the bigger effect the integral will have.

Note: The Tl value is set in data register S3+4. Setting zero for this variable disables the
Integral effect.

The Derivative Change

The derivative function supplements the effects caused by the proportional response. The
derivative effect is the result of a calculation involving elements TD, TS, and the calculated
error. This causes the derivative to initially output a large corrective action which
dissipates rapidly over time. The speed of this dissipation can be controlled by the value
TD: If the value of TD is small then the effect of applying derivative control is increased.
Because the initial effect of the derivative can be quite severe there is a ‘softening’ effect
which can be applied through the use of KD, the derivative gain. The action of KD could
be considered as a filter allowing the derivative response to be scaled between 0 and
100%.

The phenomenon of chasing, or overcorrecting both too high and too low, is most often
associated with the Derivative portion of the equation because of the large initial
correction factor.

Note: The TD value is set in Data register S3+6. Setting zero for this variable disables the
Derivative effect.

Effective use of the input filter aS3+2
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To prevent the PID instruction from reacting immediately and wildly to any errors on the
Current Value, there is a filtering mechanism which allows the PID instruction to observe
and account for any significant fluctuations over three samples.

The quantitative effect of the input filter is to calculate a filtered Input Value to the PID
instruction taken from a defined percentage of the Current Value and the previous two
filtered Input Values.

This type of filtering is often called first-order lag filter. It is particularly useful for removing
the effects of high frequency noise which may appear on input signals received from
sensors. The greater the filter percentage is set the longer the lag time. When the input
filter is set to zero, this effectively removes all filtering and allows the Current Value to be
used directly as the Input Value.

Initial values for PID loops

The PID instruction has many parameters which can be set and configured to the user’s
needs. The difficulty is to find a good point from which to start the fine tuning of the PID
loop to the system requirements. The following suggestions will not be ideal for all
situations and applications but will at least give users of the PID instruction a reasonable
points from which to start.

Avalue should be given to all the variables listed below before turning the PID instruction
ON. Values should be chosen so that the Output Manipulated Value does not exceed *
32767.

Recommended initial settings:

TS= Should be equal to the total program scan time or a multiple of that scan time, i.e. 2
times, 5times,etc.

a =50%

KP= This should be adjusted to a value dependent upon the maximum corrective action to
reach the set point - values should be experimented with from an arbitrary 75%

TI= This should ideally be 4 to 10 times greater than the TD time

KD= 50%

TD= This is set dependent upon the total system response, i.e. not only how fast the
programmable controller reacts but also any valves, pumps or motors.

For a fast system reaction TD will be set to a quick or small time, this should however
never be less than TS. A slower reacting system will require the TD duration to be longer.
Abeginning value can be TD twice the value of TS.

Care should be taken when adjusting PID variables to ensure the safety of the operator
and avoid damage to the equipment.

On MPUs pre-tuning feature is available that can quickly provide initial values for
the PID process.
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With ALL PID values there is a degree of experimentation required to tune the PID
loop to the exact local conditions. A sensible approach to this is to adjust one
parameter at a time by fixed percentages, i.e. say increasing (or decreasing) the KP
value in steps of 10%. Selecting PID parameters without due consideration will
result in a badly configured system which does not perform as required and will
cause the user to become frustrated. Please remember the PID process is a purely
mathematical calculation and as such has no regard for the ‘quality’ of the variable
data supplied by the user/system - the PID will always process its PID mathematical
function with the data available.

Example PID Settings

The partial program shown at below demonstrates which parameters must be set for the
functioning of the . The first step sets the user values for S 3+0 to S3+6. The PID
instruction will be activated when M4 is On.

From the PID instruction at the bottom of the ladder, S1= D200; S2= D201; S3= D500; and
D or MV = D525.

D500: Ts = 500 ms
MB002
_ — FNC 12 | w500 | D500 —
D501: Forward Operation, mov i@
Alarms Not Enabled FNC 12
Movig |Ho000| D501 —
. S FNC 12
D502: Input Filter = 50% vovE | K80 | D502 —
FNC 12
D503: KP=75% vovig | K78 | D503
FNC 12 1 K2000 | D504 —
D504: TI =4000ms mov =
FNC12 | k50 | D505 |—
D505: KD= 50% MoV
:,.%?, K3000 | D506 |—
D506: TD = 1000 ms
M8002
— ;%%1 K 1000| D200 —
D200: Set Point = 1000
LM F';J%?Q K2 | Ki Ké | K& |—
D201: PV, (an analog input value)
FNG 78
thon | K2 | K5 | D201 | K4 | —
Begin the PID instruction M4 ——
D525: PID Output Value " pp | D200 [ D207 | D500 | D525 |—
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Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, ;<_,24+)
4. Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5.52
7. Handy Instructions 5-66
8. External FX I/O Devices 5-80
9. External FX Serial Devices 5-94
v 10. Floating Point 1 & 2 5-110
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11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. Positioning Control 5-126
14. ||Fnciso-169 || Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. In-line Comparisons 5-150

:Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
i.e.

positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y< ¥ 0- An instruction operating in 16 bit mode, where ¥ ¥ ¥ Uidentifies the instruction
mnemonic.

Y ¥ %P - A16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥¢¥¢0- An instruction modified to operate in 32 bit operation.

DOYx v ¥¢OP - A32 bit mode instruction modified to use pulse (single) operation.

- A repetitive instruction which will change the destination value on every scan unless

moadified by the pulse function.

B4 - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or
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will have no effect to the value of the operand.

5.10.1 ECMP (FNC 110)

M16

M17

M1i&

—}— op20<p12
—||— D20 = D12
—}|— op20>p12

ON

ON

S2 is greater than > S1- bit device D+2is ON

Points to note:

The status of the destination devices will be kept even if the ECMP instruction is
deactivated. Full algebraic comparisons are used: i.e. -1.79x10 ?” is smaller than 9.43 x10

-15

5.10.2 EZCP (FNC 111)

) . Operands
Mnemonic Function Program steps
St ‘ S2 D
ECMP Compares two K, H - integer value automati- |Y, M, S DECMP,
FNC 110 floating point cally converted to floating point DECMPP:
EJFIoating values - results of Note: 13 steps
oint <, = and > are D - must be in floating point 3 consecutive
Compare) given format (32bits). devices are
used.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
MBOO0D [81] [52] [D] Operation:
—| |——foecwA b2 | D20 [ M6 | The data of Slis compared to the

data of S2.The result is indicated
by 3 bit devices specified with the
head address entered as D. The bit
devices indicate:
S2isless than < S1- bitdevice D is

S2 is equal to = S1-bitdeviceD+1is

Operands
Mnemonic Function Program steps
s1 | s S3 D

EZCP Compares a float | K, H - integer value automatically |Y, M, S DEZCP,
FNC 111 range with a float | converted to floating point DEZCPP:
Floating value - results of Note: 3 13 steps

oint Zone |<,=and > are D - must be in floating point format | consecutive
Compare) given 32 bitss). devices are

ote: S1 must be less than Sz used.
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16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:

The operation is the same as the
ECMP instruction except that a single
data value (S3)is compared to a data

MBO0D [51]1[S2]1[S2][D]
| |-—{oezce| bso[Deop 00/ MsoH

M50
—| l— D100 = D50,D60

M54 range (S1-S2).
—|f— o0 pso oso S3is less than Sland S2- bit device D
a2 is ON
—| |— D100 > D50,060 . . .
S3is between Sland S2- bit device
D+1is ON
S3is greater than S2- bit device D+2is ON
5.10.3 EBCD (FNC 118)
Operands
Mnemonic Function S D Program steps
EBCD Converts floating |D - must be in floating |D - 2 consecutive DEBCD,
FNC 118 point number point format (32 bits). |devices are used DEBCDP:
(Float to format to scientific 9 steps
Scientific number format D - mantissa
conversion) D+1 - exponent.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
Converts a floating point value at

‘ 3'"']1|4 S into separate mantissa and
| || IDEBCD| D102 | D200 exponent parts at D and D+1
(scientific format).

Points to note:

a) The instruction must be double word format. The destinations D and D+1represent the
mantissa and exponent of the floating point number respectively.

b) To provide maximum accuracy in the conversion the mantissa D will be in the range
1000 to 9999 (or 0) and the exponent D+1corrected to an appropriate value.

¢) E.g. S=3.4567x10 -5 will become D= 3456, D+1=-8.
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5.10.4 EBIN (FNC 119)

X15
| {pEBIN] D202] D110

Points to note:
a) The instruction must be double word format. The source data Sand S+1represent the
mantissa and exponent of the floating point number to be generated.
b) To provide maximum accuracy in the conversion the mantissa S must be in the range

1000 to 9999 (or 0) and the exponent S+1corrected to an appropriate value.

| . Operands
Mnemonic Function S D Program steps
EBIN Converts scientific | D - 2 consecutive D - a floating point DEBIN,
FNC 119 number format to | devices are used value DEBINP:
(Scientific floating point (32 bits). 9 steps
to Float number format S- mantissa
conversion) S+1- exponent.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

Generates a floating point number
at D from scientific format data at

source S.

c) E.g. S= 5432, S+1= 12 will become D= 5.432 x 10 °
5.10.5 EADD (FNC 120)

Operands
Mnemonic Function Program steps
S1 Sz D
EADD Adds two floating | K, H - integer value automatically | D - a floating |DEADD,
FNC 120 point numbers converted to floating point point value DEADDP:
(Floating together (32 bits). 13 steps
Point D - must be in floating point
Addition) format (32 bits).
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | St
Operation:

X07
}—{DE&DD||-{52E+U+J| D106 | D108

stored in the destination device D.

Points to note:
a) The instruction must use the double word format; i.e., DEADD or DEADDP. All source

204
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data and destination data will be double word; i.e. uses two consecutive data registers to
store the data (32 bits).
Except for K or H, all source data will be regarded as being in floating point format and the
result stored in the destination will also be in floating point format.
b) If a constant K or H is used as source data, the value is converted to floating point

before the addition operation.

c) The addition is mathematically correct: i.e., 2.3456x10 2 +(-5.6x10 ™ )=2.34x10 2
d) The same device may be used as a source and as the destination. If this is the case
then, on continuous operation of the DEADD instruction, the result of the previous

operation will be used as a new source value and a new result calculated.

This will happen every program scan unless the pulse modifier or an interlock program is

used.

e) If the result of the calculation is zero“0”then the zero flag, M8020 is set ON.

If the result of the calculation is larger than the largest floating point number then the carry
flag, M8021 is set ON and the result is set to the largest value.
If the result of the calculation is smaller than the smallest floating point number then the
borrow flag, M8022 is set ON and the result is set to the smallest value.

5.10.6 EAUB (FNC 121)

X17
}—{DESUBI D120 |K79124| D128

Points to note:
All points of the EADD instruction apply, except that a subtraction is performed.

205

Operands
Mnemonic Function Program steps
S1 Sz D
ESUB Subtracts one K. H - integer value automati- |D - a floating |DESUB,
FNC 121 floating point cally point value DESUBFP:
(Floating number from converted to floating point (32 bits). 13 steps
Point another D - must be in floating point
Sub-traction) number format (32 bits).
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | Eroris
Operation:

The floating point value of S2is
subtracted from the floating point
value of Sland the result stored in
destination device D.
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5.10.7 EMUL (FNC 122)

Operands
Mnemonic Function Program steps
S1 S2 D
EMUL Multiplies two K, H - integer value automati- |D - a floating |DEMUL,
FNC 122 floating point cally point value DEMULP:
(Floating numbers together | converted to floating point (32 bits). 13 steps
Point Mul-
tiplication) D - must be in floating point
format (32 bits).
16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:

M12
%DEMUL D108 [K1000] D130

Points to note:
Point a, b, c and d of the EADD instruction apply, except that a multiplication is performed.

5.10.8 EDIV (FNC 123)

The floating point value of Slis
multiplied with the floating point
value of S2. The result of the
multiplication is stored at D as a
floating point value.

X10
——IbEDIV] D128 [ K500 [ D106

calculated.

Operands
Mnemonic Function Program steps
S1 S2 D
EDIV Divides one K, H - integer value automati- |D - a floating |DEDIV,
FNC 123 floating point cally point value DEDIVP:
(Floating number by converted to floating point (32 bits). 13 steps
Point another.
Division) D - must be in floating point
format (32 bits).
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

The floating point value of Slis
divided by the floating point value
of S2. The result of the division is
stored in D as a floating point

value. No remainder is

206




fec

intelligent solutions worldwide

Points to note:
Points a, b, ¢, d of the EADD instruction apply, except that a division is performed.
* If S2is 0 (zero) then a divide by zero error occurs and the operation fails.

5.10.9 ESQR (FNC 127)

‘MZ—‘-
T
|

IDESQR| D302 | D510

Points to note:
Points a, b, c, d of the EADD instruction apply, except that a square root is performed.
* If S is negative then an error occurs and error flag M8067 is set ON.

5.10.10 INT (FNC 129)

Operands
Mnemonic Function S D Program steps
ESQR Calculates the K, H - integer value automati- |D - a floating DESQR,
FNC 127 square root of cally point value DESQRP:
(Floating a floating point converted to floating point (32 bits). 9 steps
Point value.
Square D - must be in floating point
Root) number format (32 bits).
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | zero mso20
Operation:
Asquare root is performed on the

floating point value of Sand the
result is stored in D.

‘MZS
|
|

| DINT | D510 | D254

| . Operands
Mnemonic Function S D Program steps
INT Converts a D - must be in floating |D - decimal format INT, INTP:
FNC 129 number from point number format 5 steps
(Float to floating point (always 32 bits). for INT, INTP - 16 bits
Integer) format to decimal DINT, DINTP:
format for DINT, DINTP - 32 |9 steps
bits
Zaro MBOZD
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags P
Operation:
The floating point value of S is

rounded down to the nearest
integer value and stored in normal
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binary format in D.

Points to note:

a) The source data is always a double (32 bit) word; a floating point value.

For single word (16 bit) operation the destination is a 16 bit value.

For double word (32 bit) operation the destination is a 32 bit value.

b) This instruction is the inverse of the FLT instruction.

c) If the result is 0 then the zero flag M8020 is set ON.

If the source data is not a whole number it must be rounded down. In this case the borrow
flag M8021 is set ON to indicate a rounded value.

If the resulting integer value is outside the valid range for the destination device then an
overflow occurs. In this case the carry flag M8022 is set on to indicate overflow.

Note: If overflow occurs, the value in the destination device will not be valid.

Applied Instructions:
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12.

13.

14.

15.

16.

17.
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FNC 00- 09

FNC 30- 39

FNC 40 - 49

FNC 60 - 69

FNC 80 - 89

FNC 130-139

FNC 140-1

8

FNC 150-

FNC 160-169

1

FNC 180-189

FNC 220-249

Symbols list:

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX 1/O Devices

External FX Serial Devices

Floating Point 1 & 2
Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons
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5-4

5-16

- X, +)

5-24
5-34

5-42

5-52

5-66

5-80

5-94

5-110

5-118

5-122

5-126

5-136

5-146

5-146

5-150
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D - Destination device.
S - Source device.

m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,

i.e.

positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

Y ¥¢ Yo - An instruction operating in 16 bit mode, wherevs < y< Didentifies the instruction

mnemonic.

Y¥c ¥¢P - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥ ¥ 0- An instruction modified to operate in 32 bit operation.
D¢ ¥¢ %P - A32 bit mode instruction modified to use pulse (single) operation.

- Arepetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

" An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.

5.11.1 SIN (FNC 130)

- DSIN | D510 | D314

Points to note:

Operands
Mnemonic Function S D Program steps
SIN Calculates the D - must be in floating |D - a floating point DSIN,
FNC 130 sine of a floating | point number format | value DSINP:
(Sine) point value (32 bits).(radians) (32 bits). 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
This instruction performs the

mathematical SIN operation on
the floating point value in S. The

result is stored in D.

a) The instruction must use the double word format: i.e., DSIN or DSINP. All source and
destination data will be double word; i.e., uses two consecutive data registers to store the

data (32 bits).
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The source data is regarded as being in floating point format and the destination is also in

floating point format.

b) The source value must be an angle between 0 to 360 degrees in radians; i.e.,

0° = S<360°
Radian Angles

Below is an program example of how to calculate angles in radians using floating point.

X001
it

X002
it

move| kas | bo H

MB000
—i

IMOVP| K90 | DO |—

IFLT|D0|D4|—

HDEDIV|k31415026 k1800000000 D20 H

————pEmuL] D4 | D20 [ D30

' psiN| p3o [ D100

=

[S] [D]

5.11.2 COS (FNC 131)

K45 degrees to DO

Convert DO to float in D4,D5
K90 degrees to DO
Calculatetrin radians (11/180)
Store as a float in D20,D21
Calculate angle in radians in D30,D31
(deg® x /180 = rads)
Calculate SIN of angle in D100

Points to note:

All the points for the SIN instruction apply, except that COS is calculated.

211

Operands
Mnemonic Function S D Program steps
COS Calculates the D - must be in floating |D - a floating point DCOS,
FNC 131 cosine of a point number format value DCOSP:
(Cosine) floating point (32 bits). (32 bits). 9 steps
value
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
This instruction performs the
‘ XIDI4 | mathematical COS operation on
| 1] 1DCOS | D510 | D316 | the floating point value in S. The
result is stored in D.
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5.11.3 TAN (FNC 132)

Operands
Mnemonic Function S D Program steps
TAN Calculates the D - must be in floating |D - a floating point DTAN,
FNC132 tangent of a point number format  |value DTANP:
(Tangent) floating point (32 bits). (32 bits). 9 steps
value
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
This instruction performs the

'DTAN| D510 [ D318

Points to note;:

mathematical TAN operation on
the floating point value in S. The
result is stored in D.

All the points for the SIN instruction apply, except that COS is calculated.
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Applied Instructions:

1.

2.

3.

10.

1.

12.

13.

14.

15.

16.

17.

FNC 00 - 09

FNC 30- 39

FNC 60 - 69

FNC 140-149

m m

=

5 &

3 (2

L] . L] L]
3 &

FNC 150-159

FNC 160-1

FNC 180-189

FNC 220-249

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/O Devices
External FX Serial Devices

Floating Point 1 & 2

Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons
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5-4
5-16
X, +)
5-24
5-42
5-52
5-66

5-80

5-110

5-118
5-122
5-126
5-136
5-146
5-146

5-150
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Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most Significant
Bit, sometimes used to indicate the mathematical sign of a number, i.e. positive = 0, and
negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

<Y< Y- An instruction operating in 16 bit mode, where sk <identifies the instruction
mnemonic.

Y ¥¢ ¥¢P - A 16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥ - An instruction modified to operate in 32 bit operation.

D¢ ¢ 0P - A 32 bit mode instruction modified to use pulse (single) operation

- Arepetitive instruction which will change the destination value on every scan unless
madified by the pulse function.

B - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or
will have no effect to the value of the operand.

5.12.1 SWAP (FNC 147)

Operands
Mnemonic Function S Program steps
SWAP The high and low |KnY, KnM, KnS, T, C,D, V, Z SWAP,SWAPP
FNC 147 byte of the : 5 steps
(Byte designated DSWAP,
Swap) devices are DSWAPP:
= exchanged 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
The upper byte and the lower
‘ X34 byte of the source device are
‘ 1} SWAPP| D10 swapped.
This instruction is equivalent to

operation 2 of FNC 17 XCH
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Points to note:

a) In single word (16 bit) operation the upper and lower byte of the source device are
exchanged.

b) In double word (32 bit) operation the upper and lower byte of each or the two 16 bit
devices are exchanged.

Result of DSWAP(P) D10:

Values are in Hex for clarity | Before DSWAP| After DSWAP
1 1FH 8BH
D10 Bte
Byte 2 8B 1FH
1 CaH 35+
D11 Bye
Byte 2 3654 Can

c) If the operation of this instruction is allowed to execute each scan, then the value of the
source device will swap back to its original value every other scan. The use of the pulse
modifier or an interlock program is recommended.
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Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, ;<_,2:)
4. Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX 1/O Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
v || 13. Positioning Control 5-126
14. Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. In-line Comparisons 5-150
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Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y¢ ¥ 0- An instruction operating in 16 bit mode, where s Yridentifies the instruction
mnemonic.

Y ¥¢ ¥¢P - A 16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥ - An instruction modified to operate in 32 bit operation.

D¢ ¢ 0P - A 32 bit mode instruction modified to use pulse (single) operation

.

moadified by the pulse function.

" Arepetitive instruction which will change the destination value on every scan unless

B4 - an operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.
5.13.1 Cautions when using Positioning Instructions

The following positioning instructions are application instructions that can be used many
times in a program.

When designing a program, make sure to follow the cautions outlined below with regard to
instruction drive timing.

FNC 156 (ZRN)

FNC 157 (PLSV)

FNC 158 (DRVI)

FNC 159 (DRVA)

* Do not drive positioning instructions which use the same output relay (YOO0O or YO01) at
the same time. If such instructions are driven at the same time, they will be treated as
double coils, and not function correctly.

* Before setting a drive contact ON after is has been set to OFF be sure that the following
condition is satisfied;

One or more operation cycles of the ‘pulse output monitor (Y0O00:M8147, YO01:M8148)
must occur after the positioning instruction is turned OFF, before it can be used again.
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This condition must be met, as one or more OFF operations are required for the red riving
of a positioning instruction.

If it is not met, and ‘operation error’ will occur during the instruction execution.

* Use the Step Ladder Program to correctly set up positioning instructions in
conformance to the cautions above.

Caution when using Positioning instructions with FNC 57 (PLSY) & FNC 59 (PLSR)

* Pulse output instructions FNC 57 (PLSY) & FNC 59 (PLSR) use output points Y000 and
Y001 in the same way as the positioning instructions described above.

* If a positioning and a pulse output instruction are used in the same operation, the
conflicting instructions will be treated as double coils and not function correctly.

* Itis recommended to use a FNC 158 (DRVI) instruction in place of either a FNC 57
(PLSY) or FNC 59 (PLSR) instruction to avoid incorrect operation when pulse outputs are
required while positioning instructions are being used.

Output terminals YO00 and Y001 are high speed response type

Voltage range : 5 to 24V DC

Current range : 10 to 100mA

Output frequency : 100kHz or less

5.13.2 Pulse train settings

When a positioning operation is executed from the PLC, the pulse output signal has the
‘Pulse train + Sign’ format during control, as shown in the figure below.

e A A I R
Arbitrary output rel
Adbitrery cutput reloy oN OFF

(Specifies the direction.)

i A A N
Arbitrary output relay ON OFF
Yyooo
(Spedifies the direction.)
Make sure to set the pulse train input mode on the servo amplifier or stepper motor as
follows;
Pulse train input mode: Pulse train + Sign
Pulse train logic: negative logic
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C

5.13.3 Devices related to positioning

Device No.

Data Initial

size value

Description

D8140

Lower

D8141

Upper

32bhit | O

Operates as current value registers of positioning instruction
output

to Y000

For FNC 157 (PLSV), FNC 158 (DRVI), FNC 159 (DRVA)
instructions, current value increases or decreases in accordance
with direction of rotation.

Although FNC 57 (PLSY) and FNC 59 (PLSR) instructions use
the same current value registers, the current value represents the
accumulating total number of output pulses during instruction

execution.

D8142

Lower

D8143

Upper

32hit | O

Operates as current value registers of positioning instruction
output

to Y001

For FNC 157 (PLSV), FNC 158 (DRVI), FNC 159 (DRVA)
instructions, current value increases or decreases in accordance
with direction of rotation.

Although FNC 57 (PLSY) and FNC 59 (PLSR) instructions use
the same current value registers, the current value represents the
accumulating total number of output pulses during instruction

execution.

D8145

16 bit | O

Bias speed when FNC 156 (ZRN), FNC 158 (DRVI), FNC 159
(DRVA) instructions are executed

Set range: 1/10 or less of maximum speed (D8146 & D8147) If
the current value exceeds this range, it is automatically set to 1/10

of the maximum speed during operation.

D8146

Lower

D8147

Upper

32 bit | 100,000

Maximum speed when FNC 156 (ZRN), FNC 158 (DRVI), FNC
159 (DRVA) instructions are executed.
Set range 10 to 100,000 (Hz).

D8148

16 bit | 100

Acceleration/Deceleration time in which maximum speed (D8146
& D8147) is achieved from bias speed (D8145) when FNC 156
(ZRN), FNC 158 (DRVI), FNC 159 (DRVA) instructions are
executed.

Setrange50t05,000(ms)

Device No.

Attribute

Description

M8145

Drive enable

Y000 pulse output stop command (immediate stop)

M8146

Drive enable

Y001 pulse output stop command (immediate stop)

M8147

Read only flag

Y000 pulse output monitor (BUSY/READY)

M8148

Read only flag

Y001 pulse output monitor (BUSY/READY)
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5.13.4 Servo Wiring Example

Example of connection to a BRASILTEC MR-J2-*A servo.
Note. The PLC required for this connection is a SINK Transistor output type.

BE AL o 2600 AT
Ciormsinct & seoueros in q:ln:nE
wihich MC is set o OFF by
alarm or ermergenoy siop
Leln] tl: o P HCAFHAFF
MFE W
—& | & io—al1 U 3
| i | 3 W "
—£ 4 a— L5 W =
2000 AT v L1 PE
AN AT - FEL"_-L
= =
e[| HH
Cpticrad
caabes
——w—{ o0 =1
— i —W— 0 FRetLrm o e point =
{200 Jog (+) [ compaiter
W o Jeg =) Cpsicrsd
i o Persitioning in norrral motation = s
b —W— 005 Positioning in renerse rotation
bW 3008 Peser prirt sigred (DOG)
1 oA
2 OB CHIB
—E =G |[w] [4]Doi)
L2ae con|13] 18] z=ele
B | TLC - Fasdier i
0| o | FC 155
B e e
s, 9 | s
" ¥ e . CMIA
|_5,l_'_"‘—'r[m' } Sya ] aall ] =2
cond+ [scli6] |owe
ool i 13| SO
Em a 19| zsp] Frarcs speet *1
Y Ay L m [o 2] K] 6 | TLC | Tioarcgue besirng rrites “1
T“IB . - 20 |0 18| ALM| Falure
Mo e
mYea ,D:C"“:u\ 1 E2 R
vyl Y - SO —
- HED g Server O
=g [e]res et
Ecpcm — [8[L=p] Pierrred rototicn lirmie
i LSM Renerse rotation lirmit
3
ElE=]
Prograrmrrable controller FXGs-3000T Bervo armplifier MR 2004

*1 Connect to programmable controller when absolute position detection is required.
*2 Ports CN1A, CN1B, CN2 & CN3 are the same shape. Do not confuse them.

*3 Connect a limit switch to the servo amplifier.

*4 ONLY use a transistor output type PLC.

5.13.5 Example Program

The following example program for forward/reverse operation uses the I/O assignment
shown in section 5.13.4 Servo Wiring Example.
During operation positioning is performed using the absolute position method shown

below.
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/

7

Zero point

ke ety
100 \

\JR

Acceleration/
decsleration time
200ms

N
-

e

In this example the actual output frequency for the first step, acceleration, and the last

step, deceleration, can be obtained using the following expression.

A = Maximum speed (D8146, D8147)
B = Acceleration/Deceration time

JA + (2 x(C +1000))= Output
/100000 + (2 x (200 + 1000))= 500Hz

Step Ladder program.

3

X000
I @ O_IFIIIOH‘BX—EDGS(Y[m)IS
Stop
) @ ;M:ntotkezacp:vr:'u;ﬂ'l
] lear signal output is vali
S0 S10 S S12

W pee i

S13
4 O Operation is stopped.
YDCIJ

Ret to + JOB.‘.'r F‘t:ﬁmcnng F!c:stllm
il Jm() ) reverse output stop

Zzero paoint n nomreal
rUtEltlc‘n rl:tEl:lcn

MB002 *1 Sets the maximum speed
1 FNC 12 | 400000 DB146 | 100,000 (Hz)

Initial pulse EmMov DB147 and DB146

*1 NG 12 Sets the acceleration/
K200 D8148 | deceleration time.
MOV 200 (me) — DB148

*1 When the maximum speed or Acceleration/deceleration do not have to be changed
from their initial values, programming is not required.
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Fessets fhe zero point retum
kHO son fag.

F=ET
Rt e nommel rotation
FET hi2 Frrs i Corrpselion i,
R e nevense rotation
RST | W3 | Siering completion flag.
Drives the zero point metum stebe
SET =20 =0
XD MG
i i RST | w2z | Fesets e normal obsion
2 R e nevense rotation
RST | W3 | Siering completion flag.
SET st0 | Drives the jog (+) stale (3900
o0a nE .
. ' Rt e nommed robation
10G)  Cperet RST [ MI2 | itioning cormpletion flag.
SET 511 | Drives the jog (=) stale (S11)

i
3
E

:
i
;
i
i
E
:

f
I

s M Ressetss fhe nommal rotation
Tt it L RST kA2 prrm dedicr
inneverse  |being refum
misgion shopped  cormpletion fag =T bty | et the revense mbation
W Dirtwesss Bhe resverse rotation

SET | 513 | esiticrieg sk (S13)

*2 The maximum size of a JOG command is 999,999 pulses, as this is the maximum
number of output pulses for a FNC 158 (DRVI) instruction. If a greater distance is required
execute more than one JOG command.

222



Return to zero point

Jog operation

tec

intelligent solutions worldwide

B S0 NED Zero point retum Instruction
L FNC156 | ksp000 | KS000 | X006 | YDOD Operates in the - direction
poirt '
2000
Jog Zeropant Creap Mear point
operation returm spead HQJ?E(E‘}
e
WBO29
T SET MO Zeno point retum completion flag
cormpletion flag
ME147 MED Returm to the zero point is
H il RST S0
OO0 being finkshed (salf-reset).
outpLt =
MMB00OD
L RN rronitor
[ S0 X002 M1 FNC1S8 Exertes the jog operation in the
— . KOe09a0| K30000 | Y000 YO | + direction using the incremental
JOGH) oG B0~ w instruction.
(+) hurberof  Culpet Puiss cudpnd Fiobation s §]
vedhue i 4 destirestion M.
directicn)
MB147 W51
3 i RST s10 m})wmbsm
Y000 baing
OUtput 5
MBOOO
RLUM rronitor
511 D03 Executes the jog operation in the
3 —i FNC198 e ooonog k30000 | YOOO | YoOd4 | - the
| Joce luoc oV : positioning instruction.
) :l.q:l._lpl:t*mﬁm P mmitclb:l}
cirelicn
MB147 M52 &
i+ I RST | S11 | (ampeg)operationis finished
000 baing i
OutpLt o
WMBOOO
FLUM rronitor
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W
5 812 MES Meoraes to the absolute position
o) [ - T FNC159 | ennonn| K100000| Y000 | YOO4 | "500,000" using the absdite
B EHZNA o A i b,
= Pemciue &wmrm:mwwmlsm}
thul Eqﬂq ﬂml ‘iml
MBOZS g
= T SET | M2 | Coiato g Postoning
Exacition

E complation flag
c 147 W53 Positioning in the normal direction
= it RST 512 isl’lid'ﬂg;:fsdf-reﬂ}.
2 y 3
: L G

| RN monitor
s 13 NES Mowes to the absolute position
=2 | 3 T FNC159 | 1900 |K100000| YOOO | YOO4 | 100" Using the absaiute
] ECcRvA positioning instruction.
'-E Aosclute Oulped puise Pubse culp Ftlz-:n’g_d (004 = OFF.)
£ MB029 Fevarss rofalion positcn)
@ i SET | M3 | covrietion flag e
g Exacution
2 completion flag
c "'"B,l“? hl'll;fﬂ S13 Positioning In the reverse
o Y‘tmlll ; i RS direction s finished (self-reseat).
= outpLE
._E 3
; WBDO0O
ﬁ O

— R monibor

*3 The instruction drive timing is delayed by one operation cycle to prevent simultaneous

driving of positioning instructions.

5.13.6 ABS (FNC 155)

}—{MT—| DABS )—{

Operands
Mnemonic Function Program steps
s Dy D,

ABS Reads the absolute XYMS |Y.MS T.C.D,V.Z |DABS
FNC 155 position from a servo 13 steps
Absolute current motor
value read

16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:
5] (] [D=] This instruction reads the
X000 YO0 DE140

absolute position data when a
BRASILTEC servo motor, MR-H
or MR-J2, equipped with

absolute positioning function is connected. [S] is the first of three inputs used for
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communication flags (see drawing below), [D1 ]is the first of three communication outputs
and [D 2 ] is the data destination register.

Points to note:

a)This instruction is 32-Bit. Be sure to input as “DABS”

b)Read starts when the instruction drive contact turns ON. When the read is complete, the
execution complete flag M8029 is energized.

If the instruction drive contact is turned OFF during read, read is aborted.

c)When designing a system, set the servo amplifier to be ON earlier than the power of the
PLC, or so that they are both powered ON at the same time.

d)The device [D2 ] to which the absolute value is read, can be set within a word device
range.

However, the absolute value should be transferred at some point to the correct registers
(D8141 & D8140)

e)The DABS instruction drive contact uses an input which is always ON, even after the
absolute value is read.

If the instruction drive contact turns OFF after the read is complete, the servo ON (SON)
signal will turn OFF and the operation disabled.

f)Even if the servo motor is equipped with an absolute position detection function, it is
good practice to execute a zero return operation during initial system set up.

HCA1 -30MT MR-H-A MR-J2-A
ABS (bit 0 CN1 CN1
it
——H—— X000 ABS (bft 1) PF |24 X000 < po1 | 4
+—F—h— X001 - d(D' }R — 7sP |23 X001 < zsp [19
+—F—w—| xopz | —2nd Data Ready Flag TLC |25 x002 < TLC |6
T' | COM SG |16 COM < sG [10
24\
vooa}-|->ervo On son|12 Y004 <{ soN [12
M s
N/ Y005 ::: gata ;urwardmg Mode D13 | 44 Y005 < ABSM |44
N /Y006 ata Reguest D14 |45 Y006 < ABSR |45
_~COM4-
5.13.7 ZRN (FNC 156)
. E Operands -
nemonic unction rogram ste
S, S, 84 D 9 pe
ZRN Return to zero home |K,H,KnX,KnY, XY, Y ZRN:
FNC 156 point after machine [KnM,KnS M,S Note: 52 | 9 steps
Zero return ON or initial setting. (T,C,D,V.Z Y000 or DZRN:
yo01 onty |17 steps
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16 BIT OPERATION 32 BIT OPERATION PULSE-P

Contents:

When executing incremental

MO [S] [S4 [Sq [O] or absolute positioning, the
}_ ZRN | K1000| K100 | X003 | Y000 PLC stores the current position

values which increase or

decrease during operation.

Using these values, the PLC always knows the machine position. However when the
power to the PLC is turned off, this data is lost. To cope with this the machine should
return to the zero point when the power is turned ON, or during initial set up, to teach the
zero position. [S 1] is the Zero Return Speed, [S 2] is the Creep Speed, [S 3] is the Near
Point Signal, and [D] is the Pulse Output Designation.

Points to note:

a)Users may specify zero return speed [S1 ] as, 16-bit 10 to 32,767Hz or 32-bit 10 to
100kHz.

b)Users may specify the creep speed [S2 } of 10 to 32,767Hz

c)If any device other than an input relay (X) is specified for the Near point signal [S3] it will
be affected by the operation cycle of the PLC and the dispersion of the zero point may be
large.

d)Only Y000 or YOO1 can be used for the pulse output [D].

Because of the nature of the high speed output, transistor type output units should be
used with this instruction. Relay type outputs will suffer a greatly reduced life, and will
cause false outputs to occur.

To ensure a ‘clean’ output signal when using transistor type units, the load current should
be 200mA or higher with the  Series. The load current should be 10 - 100mA with the /
1N Series. It may be necessary to use ‘pull up’ resistors.

e)If M8140 is set to ON, the clear signal is sent to the servo motor when the return to zero
point is complete.

f)Related device numbers.

D8141 (upper digit) & D8140 (lower digit) : Current value register of Y000 (32-bit)

D8143 (upper digit) & D8142 (lower digit) : Current value register of Y001 (32-bit)

D8147 (upper digit) & D8146 (lower digit) : Maximum speed when FNC156, FNC158 or
FNC159 are executed 100~100,000Hz.

D8148 : Acceleration/Deceleration time adopted when FNC156, FNC158 or FNC159 are
executed.

M8145 : YOO0O0 pulse output stop (immediate)

M8146 : YOO1 pulse output stop (immediate)
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M8147 : YOO0O0 pulse output monitor (BUS/READY)

M8148 : Y001 pulse output monitor (BUS/READY)

g)When a BRASILTEC MR-H or MR-J2 servo amplifier equipped with absolute position
detection function is used, the current position of the servo can be read by FNC 155
(ABS).

* Dog search function is not supported. Start zero return from the front side of the Near
point signal.

* Attention should be paid to the instruction drive timing.

5.13.8 PLSV(FNC157)

Operands
Mnemonic Function Program steps
S D1 D2
PLSV Variable speed K.H, Y Y.M,S PLSV
FNC 157 pulse output KnX.,KnY, |Note: 52 9 steps
Pulse V KnM.KnS |vooo or DPLSV
T,C,.DV.Z |Y001 only 17 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
This is a variable speed
MO [S] [D1] [Dz] output pulse instruction, with a
}_ PLSV | K1000 | Y0DOO Y004 rotation direction output.
[S]is the Pulse Frequency, [D
1]is the Pulse Output

Designation, and [D2] is the
Rotation Direction Signal.

Points to note:

a)Users may use output pulse frequencies [S1] of, 16-bit 10 to 32,767Hz or 32-bit 10 to
100kHz.

b)Only YOO0O or YOO1 can be used for the pulse output [D1 ].

Because of the nature of the high speed output, transistor type output units should be
used with this instruction. Relay type outputs will suffer a greatly reduced life, and will
cause false outputs to occur.

To ensure a ‘clean’ output signal when using transistor type units, the load current should
be 200mA or higher with the  Series. The load current should be 10 - 100mA with the /
1N Series. It may be necessary to use ‘pull up’ resistors.

c)Rotation direction signal output [D2} operated as follows: if [D 2 ] = OFF, rotation =
negative, if [D 2 ] = ON, rotation = positive.

d)The pulse frequency [S] can be changed even when pulses are being output.
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e)Acceleration/deceleration are not performed at start/stop. If cushion start/stop is
required, increase or decrease the output pulse frequency [S] using the FNC67 RAMP
instruction.

f)If the instruction drive contact turns off while pulses are output, the machine stops
without deceleration

g)Once the instruction drive contact is off, re-drive of the instruction is not possible while
the pulse output flag (YOOO : [M8147] Y001 : [M8148]) is ON.

h)The normal or reverse direction is specified by the positive or negative sign of the output
pulse frequency [S]

i)Related device numbers.

D8141 (upper digit) & D8140 (lower digit) : Current value register of Y000 (32-bit)
D8143 (upper digit) & D8142 (lower digit) : Current value register of Y001 (32-bit)
M8145 : Y000 pulse output stop (immediate)

M8146 : Y001 pulse output stop (immediate)

M8147 : YOO0O pulse output monitor (BUS/READY)

M8148 : Y001 pulse output monitor (BUS/READY)

* Attention should be paid to the instruction drive timing.

5.13.9 DRVI (FNC 158)

- E Operands -

i ti t
nemonic unction s, S, D, D, rogram steps
DRVI Increment K.H, Y YMS |DRVI
FNC 158 positioning KnX,KnY, Mote: 54 9 steps
Drive to KnM,KnS Y000 or DDRVI
increment TCDVZ Y001 only 17 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

T‘T { DRI |K25ggn||<3mjg| w000 I w004 speed positioning in the form of
incremental movements. [S 1]
is the Number of Pulses, [S 2]is
the Pulse Output Frequency, [D1] is the Pulse Output Designation, and [DN 2]is the
Rotation Direction Signal.

(S  [S:2 D1 [De] This instruction is for single

Points to note:

a)The maximum number of pulses [S1 ] available are: 16-bit -32,768 to 32,767 pulses or
32-bit

-999,999 to 999,999 pulses.

b)Users may use output pulse frequencies [S2 ], 16-bit 10 to 32,767Hz or 32-bit 10 to
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100kHz.

¢)Only YOO0O or Y001 can be used for the pulse output [D 1 ].

Because of the nature of the high speed output, transistor type output units should be
used with this instruction. Relay type outputs will suffer a greatly reduced life, and will
cause false outputs to occur.

To ensure a ‘clean’ output signal when using transistor type units, the load current should
be 200mA or higher with the  Series. The load current should be 10 - 100mA with the /
1N Series. It may be necessary to use ‘pull up’ resistors.

d)Rotation direction signal output [D2] operated as follows: if [D 2 ] = OFF, rotation =
negative, if [D 2 ] = ON, rotation = positive.

e)If the contents of an operand are changed while the instruction is executed, it is not
reflected on the operation. The new contents become effective when the instruction is
next driven.

f)If the instruction drive contact turns off while the instruction is being executed, the
machine decelerates and stops. At this time the execution complete flag M8029 does not
turn ON.

g)Once the instruction drive contact is off, re-drive of the instruction is not possible while
the pulse output flag (YOOO : [M8147], YOO1 : [M8148]) is ON.

h)For operation in the incremental drive method, the travel distance from the current
position is specified with either a positive or a negative symbol.

i)The minimum value of output pulse frequency which can be actually used is determined
by the following equation.

JMaxSpeed[D8147,D8146]Hz + (2 x (Acceleration\Deceleration[ D8148 Jms + 1000))

f)Related device numbers.

D8145 : Bias speed adopted when either FNC158, DRVI or FNC159, DRVA are executed
D8147 (upper digit) & D8146 (lower digit) : Maximum speed when FNC156, FNC158 or
FNC159 are executed 100~100,000Hz.

D8148 : Acceleration/Deceleration time adopted when FNC156, FNC158 or FNC159 are
executed.

M8145 : Y000 pulse output stop (immediate)

M8146 : Y001 pulse output stop (immediate)

M8147 : YOO0O pulse output monitor (BUS/READY)

M8148 : Y001 pulse output monitor (BUS/READY)

* Attention should be paid to the instruction drive timing.
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5.13.10 DRVA(FNC 159)

M i Functi Operands P to

nemonic unction s, s, D, D, rogram steps
DRVA Absolute K.H, Y Y.M,S DRVA
FNC 159 positioning KnX,KnY, Note: 54 9 steps
Drive to KnM.,KnS Y000 or DDRVA
absolute T.C.DVZ Y001 only 17 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:

MO [S1 [S2] [D1] [Dg]
DRVA |K25000| K3000| Y000 | Y004

This instruction is for single
speed positioning using a zero
home point and absolute
measurements. [S 1] is the

Number of Pulses, [S 2 ] is the Output
Frequency, [D1] is the Pulse Output Designations, and [D 2 ] is the Rotation Direction
Signal.

Points to note:

a)The target position for absolute positioning [S1 ] can be: 16-bit -32,768 to 32,767 pulses
or 32-bit -999,999 to 999,999 pulses.

b)Users may use output pulse frequencies [S2 ], 16-bit 10 to 32,767Hz or 32-bit 10 to
100kHz.

¢)Only YOO0O or Y001 can be used for the pulse output [D 1 ].

Because of the nature of the high speed output, transistor type output units should be
used with this instruction. Relay type outputs will suffer a greatly reduced life, and will
cause false outputs to occur.

To ensure a ‘clean’ output signal when using transistor type units, the load current should
be 200mA or higher with the  Series. The load current should be 10 - 100mA with the /
HCAZ2 Series. It may be necessary to use ‘pull up’ resistors.

d)Rotation direction signal output [D2] operated as follows: if [D 2 ] = OFF, rotation =
negative, if [D 2 ] = ON, rotation = positive.

e)If the contents of an operand are changed while the instruction is executed, it is not
reflected on the operation. The new contents become effective when the instruction is
next driven.

NIf the instruction drive contact turns off while the instruction is being executed, the
machine

decelerates and stops. At this time the execution complete flag M8029 does not turn ON.
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g)Once the instruction drive contact is off, re-drive of the instruction is not possible while
the pulse output flag (Y000 : [M8147], YOO1 : [M8148]) is ON.

h)For operation in the absolute drive method, the travel distance from the zero point is
specified.

i)The minimum value of output pulse frequency which can be actually used is determined
by the following equation

JMaxSpccd[DHH?,DEMﬁ]Hz +(2 % (Acceleration\Deceleration[ DE148 ms + 1000))

f)Related device numbers.

D8145 : Bias speed adopted when either FNC158, DRVI or FNC159, DRVA are executed
D8147 (upper digit) & D8146 (lower digit) : Maximum speed when FNC156, FNC158 or
FNC159 are executed 100~100,000Hz.

D8148 : Acceleration/Deceleration time adopted when FNC156, FNC158 or FNC159 are
executed.

M8145 : Y000 pulse output stop (immediate)

M8146 : Y001 pulse output stop (immediate)

M8147 : YOO0O0 pulse output monitor (BUS/READY)

M8148 : Y001 pulse output monitor (BUS/READY)

* Attention should be paid to the instruction drive timing.
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Applied Instructions:

1.

2.

3.

10.

FNC 00 - 09

FNC 40 - 49

FNC 50 - 59

FNC 60 - 69

FNC 80 - 89

Program Flow

Move And Compare

Arithmetic And Logical Operations (+, -,
Rotation And Shift

Data Operation

High Speed Processing

Handy Instructions

External FX I/O Devices

External FX Serial Devices

Floating Point 1 & 2

232

5-4
5-16
X, +)
5-24
5-34
5-42
5-52
5-66
5-80

5-94

5-110
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11.

12.

13.

v | 14

15.

16.

17.

fec

FNC 130-139
FNC 140-149

FNC 160-169

FNC 180-189

FNC 220-249

Symbols list:

D - Destination device.
S - Source device.

m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
i.e. positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:
<Y ¥%0- An instruction operating in 16 bit mode, where <Y Uidentifies the instruction

mnemonic.

Ye¥e¥eOP - A 16 bit mode instruction modified to use pulse (single) operation.

Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons

D¢ ¥ - An instruction modified to operate in 32 bit operation.

D¢ ¢ P - A32 bit mode instruction modified to use pulse (single) operation.

5-118

5-122

5-126

5-136

5-146

5-146

5-150

A repetitive instruction which will change the destination value on every scan unless
madified by the pulse function.

&<
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will have no effect to the value of the operand.

5.14.1 TCMP (FNC 160)

Operands
Mnemonic Function Program steps
S1 \ S2 | S3 S D

TCMP Compares two K, H, TC,D [YM, S [TCMP,
FNC 160 times - results of | KnX, KnY, KnM, KnS, Note- TCMPP:
(Time <, =and > are T,C, D, 3 consecutive 11 steps
Compare) | given V.Z devices are used.

16 BIT OPERATION 32 BIT OPERATION PULSE-P

Contents:
10 [S1] [S2] [S3] [S] [D] S1,S2and S3represent hours,
|—n—-|TCMP| K10 | K30 | k50| DO | DO minutes and seconds respectively.

This time is compared to the time
value in the 3 data devices

Mo
———— ON when D0,D1,02 < 10:30:50

M1
[~ ON when D0,D1,D2 = 10:30:50 specified by the head address S.
_h||1|2_ ON when D0,D1,02 > 10:30:50 The result is indicated in the 3 bit
devices specified by the head
address D.

The bit devices in D indicate the following:
D+0issetON,whenthetimeinSislessthanthetimeinS1,S2and S3.

D+1is set ON, when the time in S is equal to the time in S1,S2and S3.
D+2is set ON, when the time in S is greater than the time in S1,S2and S3.

Points to note:

a) The status of the destination devices is kept, even if the TCMP instruction is
deactivated.

b) The comparison is based on the time value specified in the source devices.

- The valid range of values for Sland S+0isOto23(Hours).

- The valid range of values for S2and S+1is0to59(Minutes).

- The valid range of values for S3and S+2is0to59(Seconds).

¢) The current time of the real time clock can be compared by specifying D8015 (Hours),
D8014 (Minutes) and D8013 (Seconds) as the devices for S1,S2and S3respectively.
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5.14.2 TZCP (FNC 161)

[S1] [S52] [=] [D]

0

1

2

¥10
}—« TzcP| D20 |pan | DO | mis |-|

OM when D00, D2 < DE0,021 022

OmM when D30,031,032 = DO0,D1,02

OMwhen D20,021,022 DO,D1,D2 D30,031,032

The bit devices in D indicate the following:

| . Operands
Mnemonic Function Program steps
S1 S2 S D
TZCP Compares atime |T,C,D Y,.M, S TZCP,
FNC 161 to a specified time | S1 must be less than or equal to Sz. TZCPP:
(Time range - results of ['Note: 3 consecutive devices are used for all 9 steps
Zone <, =and > are
Compare) given
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:

S1,S2 and S represent time
values. Each specifying the head
address of 3 data devices. S is
compared to the time period
defined by S1 and S2. The result
is indicated in the 3 bit devices
specified by the head address D.

D+0is set ON, when the time in S is less than the times in S1land S2.
D+1is set ON, when the time in S is between the times in Sland S2.
D+2is set ON, when the time in S is greater than the times in Sland S2.

Points to note:
a) The status of the destination devices is kept, even if the TCMP instruction is

deactivated.

b) The comparison is based on the time value specified in the source devices.
- The valid range of values for Sland S+0isOto23(Hours).

- The valid range of values for S2and S+1is0to59(Minutes).

- The valid range of values for S3and S+2is0to59(Seconds).

5.14.3 TADD (FNC 162)

Operands
Mnemonic Function 1 D Program steps
TADD Adds two time TC,D TADD,
FNC 162 values together to TADDP:
(Time give a new time MNote: 3 consecutive devices are used to represent| 7 steps
Addition) hours, minutes and seconds respectively.
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Zero MB020

16 BIT OPERATION Flags | comy wsoz

32 BIT OPERATION PULSE-P

Contents:

Each of S1,S2and D specify the
head address of 3 data devices to
be used a time value.
ThetimevalueinSlis added to the
time value in S2, the result is

[S1] [S2] [D]

}—Kﬂa—hsum D10 | D20 | D30 }-{

stored to D as a new time value.

Points to note:
a) The addition is performed according to standard time values. Hours, minutes and
seconds are kept within correct limits. Any overflow is correctly processed.

S (o] D
D10: 10 hours D20: 30 hours D30: 13 hours
O11: 30 mins 021: 10 mins D31: 41 mins
DNz 27 secs D22 49 secs - D32 16 secs
10:30:29 03:10:49 13:41:16

b) If the addition of the two times results in a value greater than 24 hours, the value of the
result is the time remaining above 24 hours.

S ] D
D10: 10 hours D20: 18 hours D30 13 hours
D11: 17 mins 021: 12 mins D31: 41 mins
M2 2D secs 022: 34 secs D32 16 secs
10:17:29 18:1234 04:30:03
MB022 ON

When this happens the carry flag M8022 is set ON.

c) If the addition of the two times results in a value of zero (0:00:00: 0 hours, 0 minutes, 0
seconds) then the zero flag M8020 is set ON.

d) The same device may be used as a source (S1 or S2) and destination device. In this
case the addition is continually executed; the destination value changing each program
scan. To prevent this from happening, use the pulse modifier or an interlock program.
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5.14.4 TSUB (FNC 163)

Operands
Mnemonic Function Program steps
S1 S2 D
TSUB Subtracts one TC.D TSUB,
FNC 163 time value from TSUBP:
(Time another to give a | Note: 3 consecutive devices are used. 7 steps
Subtrac- new time
tion)
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | 20Nt .
Contents:
Each of S1,S2and D specify the
[S1] [S2] [D] pecity
X13 head address of 3 data devices to
—— TsuB| D10 | D20 | D30 .
be used a time value.
The time value in Slis subtracted

from the time
valueinS2, the result is stored to D as a new time value.

Points to note:
a) The subtraction is performed according to standard time values. Hours, minutes and
seconds are kept within correct limits. Any underflow is correctly processed.

S = D
D10: 10 hours D20: 3 hours D30 7 hours
D11: 30 mins 021: 10 mins _ D31: 19 mins
D12 27 secs " | D22 49secs " | D2 38 secs
10:30:27 03:10:49 07:19:38

b) If the subtraction of the two times results in a value less than 00:00:00 hours, the value
of the result is the time remaining below 00:00:00 hours.

St = D
D10: 10 hours D20: 18 hours DBO: 13 hours
O11: 17 mins D21: 12 mins _ D31: 41 mins
D12 29 secs | D22 34 secs "~ | D32 16 secs
10:17:29 18:12:34 16:04:55
MB021 ON

When this happens the borrow flag M8021 is set ON.

c) If the subtraction of the two times results in a value of zero (00:00:00 hours) then the
zero flag M8020 is set ON.

d) The same device may be used as a source (S1 or S2) and destination device. In this
case the subtraction is continually executed; the destination value changing each program
scan. To prevent this from happening, use the pulse modifier or an interlock program.

237



fec

intelligent solutions worldwide

5.14.5 TRD (FNC 166)

M34
'—

TRD

D12

The 7 devices are set as follows:

Operands
Mnemonic Function D Program steps
TRD Reads the current |T, C, D TRD, TRDP:
FNC 166 value of the real 5 steps
(Time time clock to a Note: 7 consecutive devices are used.
Read) group of registers
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
[D] The current time and date of the real time

clock are read and stored in the 7 data
devices specified by the head address D.

Device Meaning Values Device Meaning
D8o18 Year 00-99 = D+o Year
D8017 Month 01-12 = D+1 Month
D8016 Date 01-31 = D+2 Date
D8015 Hours 00-23 = D+3 Hours
D8014 Minutes 00-59 = D+4 Minutes
D8013 Seconds 00-59 = D+s Seconds
D8019 Day 0-6 (Sun-Sat) = D+6 Day

Points to note:
The year is read as a two digit number. This can be change to a 4 digit number by setting
D8018 to 2000 during the first program scan; see following program extract.

M8002

——— MOV

K2000|D8018

If this is done then the clock year should not be used during the first scan as it will

be a two digit number before the instruction and a value of 2000 after the instruction until
the END instruction executes. After the first scan the year is read and written as a 4 digit

number.
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5.14.6 TWR (FNC 167)

Operands
Mnemonic Function S Program steps
TWR Sets the real time |T,C, D TWR, TWRP:
FNC 167 clock to the value 5 steps
(Time stored in a group |Note: 7 consecutive devices are used.
Write) of registers
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
[ S ] The 7 data devices specified with
M34 R D20 the head address S are used to set
'W a new current value of the real
time clock.
The seven devices
Device Meaning Values Device Meaning

S+0 Year 00-99 = D8018 Year

S+1 Month 01-12 = D8017 Month

S+2 Date 01-31 = D8016 Date

S+3 Hours 00-23 = D8015 Hours

S+4 Minutes 00-59 = D8014 Minutes

S+5 Seconds 00-59 = D8013 Seconds

S+6 Day 0-6 (Sun-Sat) = D8018 Day

Points to note:
This instruction removes the need to use M8015 during real time clock setting. When
setting the time it is a good idea to set the source data to a time a number of minutes
ahead and then drive the instruction when the real time reaches this value.

5.14.7 Hour (FNC 169)

Operands
Mnemonic Function Program steps
S Dy D,
Hour Hour meter K.H, D ZY,
FNC 169 KnX, KnY, |Note: paa [M,S
Hour meter KnM, KnS, Lﬂﬂi:tif should
e battery
T’C’D‘V’Z backed
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16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation 1: 16 bit

instruction
X000 [S] [D1] [D2] [S] = Period of time before [D
}_ DHOUR| K300 D200 Y005 2]turnson (Hrs) [D1]=

Current value in Hours [D

1 ]+1 = Current value, if less
than 1 hour, time is specified
in seconds. [D 2] = Alarm output destination, turns on when [D 1 ] exceeds [S] In the
above example, [D 2 ] turns on at 300 hours and 1 second.

o S] D] [D7] Operatiqn 2: 3? bit.instru.ction
[S] = Period of time in which [D
2]turnson (Hrs)[D 1] =
Current value in Hours [D 1]+2
= Current value, if less than 1
hour. In seconds [D 2] = Alarm output destination, when [D 1] exceeds [S] In the above
example, [D 2] turns on at 4000 hours and 1 second.

I—[}HDUR K4000 | D210 | Y007

Points to note:

a)In order to continuously use the current value data, even after a power OFF and ON,
specify a data register which is backed up against power interruption.

b)The hour meter will continue operation even after the alarm output [D2 ] turns ON.
Operation will stop when the value of [D1 ] reaches the maximum for the specified 16 or
32 bit operation.

If continuous operation id required, clear the value stored in [D 1]to[D1]+1 (16-bit) and [D
1]to [D 1 J+2 (32-bit).

Applied Instructions:
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1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :_,2:)
4, Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX /O Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. ||FNc1s0-149|| Data Operations 2 5-122
13. Positioning Control 5-126
14. |Fnc1eo-169 || Real Time Clock Control 5-136
I 15 Gray Codes 5-146
16. Additional Functions 5-146
17. FNC 220249 || |n-line Comparisons 5-150

Symbols list:
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D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
i.e. positive = 0, and negative = 1.
LSB - Least Significant Bit.

Instruction modific

ations:

Y ¥ Y- An instruction operating in 16 bit mode, wherevx s yxidentifies the instruction

mnemonic.

Yo% 0P - A 16 bit mode instruction modified to use pulse (single) operation.
DOvx Yx¥¢ - An instruction modified to operate in 32 bit operation.
DOYx < ¥¢P - A 32 bit mode instruction modified to use pulse (single) operation

-

unless modified by the pulse function.

X

will have no effect to the value of the operand.

" Arepetitive instruction which will change the destination value on every scan

~ An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

5.15.1 GRY (FNC 170)
Operands
Mnemonic Function s D Program steps
GRY Calculates the K, H, KnY, KnM, KnS, GRY,GRYP:
FNC 170 gray code value KnX, KnY, KnM, KnS, |T,C,D,V, Z 5 steps
(Gray of an integer TC.D,V.Z DGRY,DGRYP
Code) 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[ S ] [ D ] The binary integer value in S is
M4s converted to the GRAY CODE
| GRY |K1234/K3Y10 equivalent and stored at D.

Points to Note:

The nature of gray code numbers allows numeric values to be quickly output without the
need for a strobing signal. For example, if the source data is continually incremented, the
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new output data can be set each program scan.

5.15.2 GBIN (FNC 171)

Points to Note:
This instruction can be used to read the value from a gray code encoder.

If the source is set to inputs X0 to X17 it is possible to speed up the reading time by
adjusting the refresh filter with FNC 51 REFF.

5.15.3 RD3A (FNC 176)

| . Operands
Mnemonic Function S D Program steps
GBIN Calculates the K, H, KnY, KnM, KnS, GBIN,GBINP:
FNC 171 integer value of a |KnX, KnY, KnM, KnS, [T,C,D,V,Z 5 steps
(Gray gray code TC,D,V, 2 DGBIN,
Code) DGBINP:
9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
T24 [ S ] [ D ] The GRAY CODE value in Sis
GBIN K3x20l D10 ‘( converted to the normal binary
equivalent and stored at D.

Operands
Mnemonic Function Program steps
M1 M2 D
RD3A Analog block read for | K,H. KnY, RD3A
FNC 1786 FXon-3A, FXan-2AD KnX, KnY,KnM,KnS, |KnM,KnS (7 steps
Read analog TCDVZ TCDVZ
block
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[M 1] = Special block number, KO
X000 Mi] Mg [O] to K7
}7 RD3A Ko K1 Do [M 2] = Analog input channel
number, K1/K21 or K2/K22 [D] =
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Read data

5.15.4 WR3A (FNC 177)

Operands
Mnemonic Function Program steps
M1 M2 s
WR3A Write data to analog K,H. KnY, WR3A
FNC 177 block FXon-3A, FXan- | KnX, KnY,KnM,KnS, KnM,KnS |7 steps
Write to Analog |2AD, FX2n-2DA TCDVZ TCDVZ
block
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
This instruction writes data to
X000 [M1] [Mz] [S] the [M 1] = Special block
F— wr3a | Ko Ki | D2 number, KO to K7
[M 2] = Analog output channel
number, K1/K21 or K22 [S] =

Write data
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Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :_,2:)
4, Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX I/O Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. Positioning Control 5-126
14. Real Time Clock Control 5-136
15. Gray Codes 5-146
v\ 16. Additional Functions 5-146

17. FNC 220249 || |n-line Comparisons 5-150
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D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one opera
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

Symbols list:

nd with the

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,

i.e.

positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

<Y Y- An instruction operating in 16 bit mode, wherevx s yridentifies the instruction

mnemonic.

Y ¥ ¥%P - A16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥ ¥ - An instruction modified to operate in 32 bit operation.

D¢ ¥ 0- A 32 bit mode instruction modified to use pulse (single) operation

-

madified by the pulse function.

) An operand which cannot be indexed, i.e. The addition of V or Z is eith
will have no effect to the value of the operand.

5.16.1 EXTR (FNC 180)

" Arepetitive instruction which will change the destination value on every scan unless

er invalid or

Operands
Mnemonic Function Program steps
S SD1 SD2 SDz
EXTR External ROM K, H, K, H, KnX, KnY, KnM, KnS, |EXTR
FNC 180 instruction, TC,D,V,Z, 9 steps
(External execution X, ¥, M, S. DEXTR,
ROM) commands DEXTRP
17 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

S SD1 SDz SDs3 The value of S stored in the

extension ROM (KO
defines the function
the instruction. SD1

—— EXTR KO 0100 D200 M10

246

to K32767)
number and
,SD2 and




fec

intelligent solutions worldwide

SD3 are parameters of the application instruction. S or D varies depending on the function
number. The type of operation (16 bit, 32 bit, pulse) is determined from the instruction
number.

Points to Note:

In some function humbers, the parameters SD1 to SD3 may not be required due to
specifications. In such a case KO should be written in the program. KO is ignored in the
internal processing of the PLC.

5.16.1.1 Inverter Communication

External ROM cassette functions 10 to 13 are for reading and writing data to/from an
inverter using signal instructions. These functions are available when an BD is attached to
the PLC, for communication with a BRASILTEC A500/E500/S500 series inverter.

Furglc;ion Function Dirl:;i'tzilon Reference to Inverter manual
EXTR K10 Operation monitoring |INV to PLC |Execute operation control as for computer link, and
EXTR K11 Operation Control PLC to INV | refer to ‘monitoring’ for communication functions.
EXTR K12 Parameter read INV to PLC | Refer to the parameter code list in the relevant
EXTRK13 |Parameter write PLCto INy |Manuals appendix.

5.16.1.1.1 Restrictions
Six digit commands that are supported in the E500 and S500 series inverters are not
supported by the EXTR function.

For HC-PCS/WIN-E:

1) Select “Option”-“Serial setting (Parameter)”

2) Click “Yes”

3) Set “Serial setting (Parameters)’as shown below

Serial setting (parameter) | a) Set these parameters as

Protocol RS instruction || ok | show on the left.
Data bits 7 | DO NOT select “Link”
| a Cancel
party e o | —== | eiect cither 19200, 9600
1 g _ ot |00,

Stop bits
Transier speed (bps) 9600 -| b .
S ( This value should be the same
= Clear

Header OFF -] .

) as set in the parameter of the
Terminator _ OFF j .
Control line None - inverter.
Hardgara RS.485 B c) These parameters do not
Control mode None j| affect communication with the
Sum check No J inverter.
Eontip] procedure Format 1 jl
Station number 00 H

Commsg timeout \1 X ‘_I}pﬁs

Click the [Clear] button to clear the setting above.

[When programming software transfer the program to the
communication boards, click the [Clear] button and clear the
special resistor D8120 in the PLC to “0%.)
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For GX Developer

1) Select “Parameters”

2) Select “PLC Parameter”

3) Select “PLC System (2)"and set as shown below

a) Set these parameters as show on the left.

DO NOT select “Link”

b) Select either 19200, 9600 or 4800. This value should be the same as set in the inverter.
¢) These parameters do not affect communication with the inverter.

5.16.1.1.3 Inverter settings and PLC communication settings

Inverter communication specification and application to PLC

Inverter specifications
RS-485
1:N (8 units maximum)

19200, 9600 or 4800 bps
(selectable)

Application to PLC
RS-485
1:N (8 units maximum)

19200, 9600 or 4800 bps
(selectable)

Asynchronous system

Transmission standard
Number of connected units

Communication speed

Control procedure Asynchronous system

Communication method Half duplex Half duplex

Character type ASCII (7 or 8 bits) (selectable) Fixed to 7 bits

Stop bit length 1 or 2 bits (selectable Fixed to 1 bit
c g
op .
ﬁ § Terminator g;; I;F (absence/presence select Fixed to CR only
£8
58 - - -
] Parity Fixed (even), fixed (odd) or not . .
E 8 |Check | checks fixed (selectable) Fixad to aven parity
&8 @ |method - .

Sum check |Fixed Fixed

Waiting time setting Set by customer Set by communication data

Note:

Some of the specifications above are fixed in the PLC but variable in the inverter. This has
been done to ease set up and reduce any possible problems during configuration.

For more information on the inverter, please see the appropriate inverter manual.

A500 series settings

Parameter Description Set value Contents Setting for comms to PLC
number
117 Station No. 0~31 Corresponds to the Align setting with station

station No.

specified from the PU
connector.

If two or more inverters,
set the

station No. at each

inverter

number

in the sequence program
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118 Communication | 48 4800bps Normally select 192.

speed 96 9600bps If high speed processing in
192 19200bps PLC
use96or48
119 Stop bitlength/ | O 8 data bits/1stop bit Select 10
Data bit length
1 8 data bits/2stop bits
10 7data bits/1stop bit
11 7data bits/2stop bits
120 Parity check 0 Absent Select 2
1 Present (Odd)
2 Present (Even)

121 Number of 0,1~10 Set number of retries During trial run select 9999 and
communication after data receive error. perform adjustment.
retries If this value is exceeded, | During actual operation select

inverter comes to alarm value in accordance with

stop system

specifications

9999 If a comms error occurs,
(65535) inverter will not come to

alarm stop.

At this time inverter can

be

coasted to stop by

MRSorRES

input. During comms.

error, the LF signal is

output to the open

collector output. Allocate

one terminal from

Pr.190-195

122* Communication | 0 Comms not executed While default value 0 is
check time 0.1~999.8 | Set comms check time selected,
interval interval. communications are disabled.

If a no-communication Select 9999, perform
state adjustment,

persists for longer than then select optimal value
the set

time, inverter comes to

alarm

stop
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9999 Comms check
suspended
123 Waiting time 0~150 Set waiting time between | Select 9999
setting data
transmission and
response
9999 Waiting time set by
communication data
124 CR,LF 0 CR & LF instructions Select 1
selection absent
1 CR instruction present
2 CR & LF instructions
present
342 E?PROM write | 0 Parameter write from Select either value according
selection computer to
to EEPROM system specifications
1 Parameter write from
computer
to RAM
*A500 + A5NR settings
Parameter Name Setting range Setting Inverter Setting for comms to PLC
number increment | station
No.
331 Inverter 0~-31 1 0 Align setting with station number
station in the sequence program
No.
332 Comms 3,6,12,24,489 | 1 96 Normally select 192. If high
speed 6,192 speed processing in PLC use 96
or 48
333 Stop bit 0,1(8bit) 1 1 Select10
length 10,11 (7hit)
334 Parity check | 0,1,2 1 2 Select 2
yes/no
335 Comms 0~10, 9999 1 1 During trial run select 9999 and
retry perform adjustment. During
count actual operation
336 Comms 0~999.8,9999 | 0.1 1 select value in accordance with
check system specifications
time interval
337* Wait time 0~150ms, Ims 9999 While default value 0 is selected,
setting 9999 communications are disabled.
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Select 9999, perform adjustment,

then select optimal value. See

Note below.
338 Operation 0,1 0 Select either value in accordance
command to system
write specifications
339 Speed 0,1 0 Select either value in accordance
command to system
write specifications
340 Link start 0,1,2 0 Select either value in accordance
mode to system
selection specifications
341 CRI/LF 0,1,2 1 Select 1 CR only
yes/no
selection
342 EEPROM 0: write to 0 Select either value in accordance
write EEPROM to system
selection 1: write to specifications
RAM
*Note:

The time settings should be set as low as possible to avoid problems during a
communication failure. The inverter will continue to run during the set time which may
cause equipment damage or raise a safety issue. Please turn the inverter Off when
communication problems are encountered.

E500 series settings

Parameter Description Set value Contents Setting for comms to
number PLC
117 Station No. 0~31 Corresponds to the station Align setting with station
No. number in the sequence
specified from the PU program
connector.
If two or more inverters, set
the
station No. at each inverter
118 Communication | 48 4800bps Normally select 192.
speed 96 9600bps If high speed processing
192 19200bps in PLC
use960r48
119 Stop bitlength/ | O 8data bits/1stop bit Select 10
Data bitlength | 1 8data bits/2stop bits
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10 7data bits/1stop bit
11 7data bits/2stop bits
120 Parity check 0 Absent Select 2
1 Present (Odd)
2 Present (Even)
121 Number of 0,1~10 Set number of retries after During trial run select
communication data receive error. 9999 and
retries If this value is exceeded, perform adjustment.
inverter comes to alarm stop | During actual operation
9999 If a comms error occurs, select
(65535) inverter will not come to value in accordance with
alarm system
stop. At this time inverter specifications
can be
coasted to stop by MRS or
RES
input. During comms. error,
the LF
signal is output to the open
collector output. Allocate
one
terminal from Pr.190-192
122* Communication | 0 Comms not executed While default value 0 is
check time 0.1~999.8 Set comms check time selected,
interval interval. communications are
If a no-communication state | disabled.
persists for longer than the Select 9999, perform
set adjustment, then select
time, inverter comes to optimal value
alarm stop.
9999 Comms check suspended
123 Waiting time 0~150 Set waiting time between Select 9999
setting data
transmission and response
Select 9999
9999 Waiting time set by
communication data
124 CR,LF 0 CR & LF instructions absent | Select 1
selection 1 CR instruction present
2 CR & LF instructions

present
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S500 series settings

Parameter Description Set value Contents Setting for comms to
number PLC
nl Station No. 0~31 Corresponds to the station Align setting with station
No. number in the sequence
specified from the PU program
connector.
If two or more inverters, set
the
station No. at each inverter
n2 Communication | 48 4800bps Normally select 192.
speed 96 9600bps If high speed processing
192 19200bps in PLC
use960r48
n3 Stop bitlength/ | O 8data bits/1stop bit Select 10
Data bit length 1 8data bits/2stop bits
10 7data bits/1stop bit
11 7data bits/2stop bits
n4 Parity check 0 Absent Select 2
1 Present (Odd)
2 Present (Even)
n5 Number of 0,1~10 Set number of retries after
communication data receive error.
retries If this value is exceeded,
inverter comes to alarm
stop
9999 If a comms error occurs, During trial run select
(65535) inverter will not come to 9999 and

alarm stop.

At this time inverter can be
coasted to stop by MRS or
RES input.

During comms. error, the LF
signal is output to the open
collector output. Allocate
one

terminal from Pr.64-65

perform adjustment.
During actual operation
select

value in accordance with

system specifications
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né* Communication | 0 Comms not executed While default value 0 is
check time 0.1~999.8 et comms check time selected,
interval interval. communications are
If a no-communication state | disabled.
persists for longer than the Select 9999, perform
set adjustment, then select
time, inverter comes to optimal value
alarm stop
9999 Comms check suspended
n7 Waiting time 0~150 Set waiting time between Select 9999
setting data
transmission and response
9999 Waiting time set by
communication data
nll CR,LF 0 CR & LF instructions absent | Select 1
selection 1 CR instruction present
2 CR & LF instructions
present

Example of transmission format when data is written from PLC to inverter

Inverter Command Wait
ENQ station 6 H80 ﬂgg}e Data = 1234 SUM CR
HO5 H30 H36 H38 H30 H30 H31 ‘ H32 ‘ H33 | H34 H43 H38 | HOD

H30+H36+H38+H30+H30+H31+H32+H33+H34=H1C8

C=H43 8=H38

5.16.1.1.4 EXTR K10 - Monitoring operations (Inverter to PLC)

S s2 53 sS4 16 Bit Operation |v"
|—| EXTR | K10 | K6 | HBF | D100 32 Bit Operation | %
Pulse - P x
Parameter Device type Parameter range
S1 K/H K10: function No. to monitor inverter operations
S2 KH, D Inverter station number (0 to 31)
S3 KH, D Inverter instructuion code (varies with model)
54 D, KnY, KnM, KnS Read value storage destination
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Details of S3
Ins(t:r gggion Monitor contents A500 | E500 | S500 | Data digits | Comms format
H7B Operation mode v v | v 4 B=E|F
H6F Output frequency v v | v 4 B=E |F
H70 Output current v v | v 4 B=E|F
H71 Output voltage v v 4 B=E|F
H72 Special monitor v 4 B=E|F
H73 Special monitor selection No. v 2 B=E'|F
H74 Alarm definition v v | v 4 B=E|F
H75 Alarm definition v v | v 4 B=E|F
H76 Alarm definition v v 4 B=E |F
H77 Alarm definition v v 4 B=E |F
H7A Inverter status monitor v v v 2 B=E' |F
HBE Set frequency read (EEPROM) v 4 B=E |F
H6D Set frequency read (RAM) v 4 B=E |F
HOO~H7B |Parameter read v v | v 4 B=E |F
H7F Link parameter v v | v 2 B=E'|F
H6C Second parameter change v v | v 2 B=E'|F
Note:
The shaded area is supported but is executed by EXTR K12.
5.16.1.1.5 EXTR K11 - Control operations (PLC to Inverter)
51 g2 93 S4 16 Bit Operation |v
— extr | k11 | & | wea | ko2 H[32 Bit Operation |x
Pulse - P x

Parameter Device type Parameter range
S1 K/H K11: function No. to control inverter operations
S2 KH, D Inverter station number (0 to 31)
S3 KH, D| Inverter instructuion code (varies with model)
S4 KH D, KnX, KnY, KnM, KnS |Value to be written to inverter
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Details of S3
S3 Control contents A500 | E500 | S500 | Data digits | Comms format
HFB Operation mode v v v 4 A=C D
HF3 Special monitor selection No. v 2 A=C|D
HFA Operation command v v v 2 A=C|D
HEE Set frequency read (EEPROM) v v v 4 A=C|D
HED Set frequency read (RAM) v v v 4 A=CI|D
HFD Inverter reset v v v 4 A (no response)
HF4 Alarm definition batch clear v v 4 A=C|D
HFC All parameter clear v v v 4 A=C D

H80~HFD |Parameter write v v v 4 A=C |D

HFC User clear v 4 A=CI|D
HFF Link parameter extension setting| v v v 2 A=C|D
HEC '(.:‘:;t;c;nlc:i I_Pf;a;meter changing v v 2 ASC D

Note:

The shaded areas are re-written in the internal processing when EXTR K13 is executed.

5.16.1.1.6 Relationship between EXTR K10/K11 and A500/E500/S500 series

The page below is taken from section 4.2.41, paragraph 5“Instructions for the program”
<setting items and set data> in the FR A500 series instruction manual, IB(NA)-66790-G
The following example reads the Output Frequency from Inverter station #1 and stores

this value to D100.
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MNumber of digits, 2 or
4. is automatically
determined by the
PLC, based on the
instruction code.

The following example writes the Run Command parameters to Inverter Station #1.
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Note: As parameters 9,10 11 and 12 are used for EXTR K12/13, DO NOT use them with
EXTR K11/ K12

5.16.1.1.7 EXTR K12 - Parameter read (Inverter to PLC)

S1 s2 S3

S4

16 Bit Operation |+
32 Bit Operation | *

EXTR

K12 K2 K3

D100

— |Pulse-P x

Parameter

Device type

Parameter range

51

KiH

K12: function No. to read inverter parameters

52 KH.D Inverter station number (0 to 31)
53 KH,D Inverter instructuion code (varies with model)
54 D, KnY, KnM, KnS Value of storage destination
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Link parameters are automatically re-written in accordance with the parameter No
5.16.1.1.8 EXTR K13 - Parameter write (PLC to Inverter)

16 Bit Operation | v

S1 S2 S3 S4 32 Bit Operation | x
—— EXTR K13 K2 K3 K5600 I~ |Pulse -P x
Parameter Device type Parameter range
S1 K/H K13: function No. to write inverter parameters
S2 KH, D Inverter station number (0 to 31)
S3 KH, D Inverter instructuion code (varies with model)
S4 KH, D, KnX, KnY, KnM, KnS |Value to be written to inverter

Link parameters are automatically re-written in accordance with the parameter No.

5.16.1.1.9 Relationship between EXTR K12/K13 and A500/E500/S500 series

The following page is from

EXTR

K12 | K(Station No.)

Ki{Parameter MNo.)

—— the Data COD list of the

manual, IB(NA)-66790-G.

FR A500 series instruction

The following example

EXTR

K13 K(station No.)

K(FParameter No.)

k== - displays how to read the

parameter from the inverter.

The following example displays how to write the parameter to the inverter.

EXTR

K12

D100

EXTR

K13

K5600

The following example reads the Base
Frequency from the 2nd inverter station
and stores this value to D100

The following example writes K5600 to
the Base Frequency in the 2nd inverter
station.

No. Reading and Writing to parameters which require a second parameter

Instruction

o Number of
No. Item code Description data digits
Read HBC When setting the programmed operation
(data code H3D to H5A, HBD to HDA)
rameter
Second P H000: time
parameter HO01: time
13 | changing . HOO02: rotation direction 2 digits
(code | Write HEC When setting the bias/gain (data code H5E to HBA, HDE to
FF=1 :l HED) paran‘leter
HOOO: Offset/Gain
HO01: Analog
HO02: Analog value of terminal
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For parameters that require the setting of a second parameter. If a value of'+0’, ‘“+1000’ or
‘+2000’ issettoaparameterNo.in the inverter manual, the second parameter will be
automatically re-written before a general parameter read/write.

Classification

Offset for parameter number

HOO: Operation frequency +0
a) HO1: Time +1000
HO02: Rotation direction +2000
HO0O0: Offset / Gain +0
b) HO1: Analog +1000
HO2: Analog value of terminal +2000

Setting the third parameter of EXTR K12/K13 during programmed operation in the A500

PR | Name | PO e Y | Time readharite | ROTE0 CECtON
201 Program set 1 21 1204 22
202 Program set 1 m2 1202 2202
203 Program set 1 m3 1203 2203
204 Program set 1 204 1204 2204
205 Program set 1 05 1205 2205
206 Program set 1 06 1206 2206
207 Program set 1 g 1207 2207
208 Program set 1 a 1208 2208
208 Program set 1 09 1209 2209
210 Program set 1 10 1210 2210
an Program set 2 m 1211 M
212 Program set 2 2 1212 amz2
213 Program set 2 3 1213 213
214 Program set 2 4 1214 2214
215 Program set 2 5 1215 225
216 Program set 2 s -] 1216 226
217 Program set 2 T 1217 N7
218 Program set 2 sl 1218 2218
218 Program set 2 9 1219 2218
220 Program set 2 20 1220 2220
2 Program set 3 sl 1224 221
222 Program set 3 22 1222 2222
223 Program set 3 23 1223 2223
224 Program set 3 24 1224 2224
225 Program set 3 x5 1225 2225
226 Program set 3 26 1226 2226
227 Program set 3 7 1227 2227
228 Program set 3 =28 1223 2228
220 Program set 3 9 1229 2229
230 Program set 3 0 1230 2230
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!

Fl'equency read EXTR K12 Kistation No.) | K230 | D{register Nn.J|—
Frequency write | £x1r | ki2 | KstatonNo)| K230 | Kifrequency) |-

Paramater No.

Time read | &R | k12 [k(staton No.]| K1230 | Diregister No.) |—
Time write | extr | k12 | k(station Nn.]| K1230 H(time]|»
Parameter Ma. +1000
Rotation direction read | ExTrR K12 | K(station No.) | K2230 | D(register Na_}|—
Rotation direction write | extrR | ki2 | Kistation Mo} | k2230 deirsc:tion]|»

Parametar No. <2000

Reading and writing the bias/gain in the A5S00/E500/S500

Parameter Name Offset/gain Analog Terminal analog
No. read/write read/write value read
902 Frequency setting voltage bias 902 1902 2902
903 Frequency setting voltage gain 903 1903 2903
904 Frequency setting current bias 904 1904 2904
905 Frequency setting current gain 805 1905 2905

Offset/Gain read | extrR | k12 |KstationNo)) | Kao2 D(reg'.smrrqo.]|—
Offset/Gain write | extr | ki2 |kistatien no) | Kooz K;fmquency]|—

Parameter No.

Ana|og read | EXTR K12 | K(station No.) [ K1802 | Diregister Na_}|—

Analog write | ExTR | Ki2 | K(station No.) | K1902 K[pemanrags)l—
Parameter No.+1000

Terminal analog value read | EXTR | Kiz |K(stef-on N0-1| K2s02 | D100 |-
Parameter No.+2000

The following parameters CANNOT be used with EXTR K12/K13
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c E Data code
% g o Name Link parameter
- E z Read Write | extension set value
o (data code 7F/FF)
- | Second parameter changing 6C EC -
- Frequency Operation frequency (RAM) 6D ED -
- setting | Operation frequency (E2PROM) 6E EE -
- Frequency monitoring 6F - -
- Output current monitoring 70 - -
- Monitoring | Output voltage monitoring 71 - -
- Special monitoring 72 - -
- Special monitoring selection No. 73 F3 -
) gligsta rlezr;!rNoﬂ ,No.2/ alarm 74 Fa 3
- Alarm  Fyast recent No.3, No.4 75 - -
display
- Most recent No.5, No.6 76 - -
- Most recent No.7, No.8 7 - -
- | Inverter status monitoring / run command TA FA -
- | Operation mode aquisition 7B FB -
- | Parameter all clear - FC -
- |Inverter reset - FD -
- | Link parameter extension setting 7F FF -
Note:

Parameters 77 and 79 are accessible for computer link operation, but they are NOT
available if a FR-A5NR is used as they need the PU connector.
» Definition of special D registers and special M

coils
M8154 |Offers debugging function. D8154 |Waiting time for a response from the
inverter.
M8155 |ON during communication, and OFF | D8155 |Step No. of the instruction which is
when communication is complete. executing a function related to the
inverter.
Stores -1" while communication is
not executed
M8156 | Turns ON when a communication D8156 |Communication command error
error occurs. code.
Effective only just after the EXTR Updated when an error occurs in the
instruction is executed. When the EXTR instruction at the next time.
next EXTR instruction is executed, Initialized to 1" by STOP = RUN.
M8156 is cleared.
M8157 | Turns ON when a communication D8157 |Step No. in which a communication
error occurs (latch). command error has occurred’
Reset by STOP = RUN (Latches the step No. which
occurred for the first time after start
of run.)
Initialized to *-1' by STOP = RUN
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* D8154: Waiting time for response from the inverter

If the inverter does not give a response within the time set here, after the PLC has
transmitted a command, it is regarded as no response.

When'0’ is set to D8154, if the inverter does not give a response in 2 seconds, it is
processed as an error.

The value is set to D8154, multiplied by 0.1(s) is treated as the judgement time for no
response.

* Use EXTR K10 (INV MON), K11 (INV CMD), K12 (RD PARAM) and K13 (WR PARAM)
in accordance with the contents of read/write communication to/from the inverter.

* For EXTR K12/K13, the PLC automatically re-writes the link parameters in accordance
with the parameter No.

For parameters relating to a second parameter of the inverter, program them using the
parameter No. adding by‘+0’,'+1,000’ or‘+2,000’.

* EXTR K10 to EXTR K13 repeatedly execute communication while the drive condition is
ON.

* If two or more read instructions are driven at the same time, when the first is completed,
next is automatically executed. The step No. being executed is stored in D8155.

* Communication start

If communication is driven while the comms port is open, communication starts.

If the drive condition turns OFF during communication, communication continues until it is
completed. (The system will be adversely affected if communication is aborted by turning
OFF the drive condition.)

* Debugging function by M8154

A standby time of 15 ms is assured after communication with the inverter is completed
until next communication starts. While M8154 is ON, the standby time becomes 1,000 ms.
By monitoring D8156, the user can confirm the step which is executing communication.

5.16.1.1.10 Consistency with other instructions

¢ STL instruction

During communication, if the executed state is set to OFF, the communication port is not
open. As a result, communication is disabled.

* Branch instructions CJ and CJP

During communication, if the EXTR instruction is skipped by a CJ or CJP instruction, the
communication port is not open. As a result, communication is disabled.

* Description in subroutine

As the EXTR instruction requires the time of two or more operation cycles until execution
is complete, it is prohibited to write a subroutine where the EXTR instruction is called twice
or more in one operation cycle.

* Inside master control

No problems are expected.

* FOR-NEXT

It is prohibited to use an EXTR instruction together with a FOR-NEXT instruction.
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* Description in interrupt

It is prohibited to describe an EXTR instruction in any interrupt.

* Cautions on write during run

(1) Itis prohibited to rewrite the function No. of the EXTR instructions first parameter.

(If the function No. is rewritten during run, a problem will occur in the same way as change
in the application instruction No.)

(2) It is prohibited to delete an EXTR instruction.

(If the EXTR instruction is deleted during run, communication will be disabled.)

* Communication complete

When communication is finished, the completion flag M8029 turns ON, without regard to
the completion status (normal or abnormal). (M8029 turns ON for one calculation cycle at
the time of completion.

M8029 is used by manu instructions and therefore the ON/OFF status of M8029 is held
only until the next instruction which utilizes M8029 is executed.)

* Communication error

Communication is executed three times in total, including two retries. If communication is
abnormally finished even after the third execution, it is regarded as an error. Error types
are classified as follows.

1) When an error code is returned from the inverter

2) When the inverter does not give any response

3) When a response is given by an unspecified station

4) When a receive error (such as overrun, parity error and framing error) occurs

5) When M8063 turns ON and error code 6301 is set to D8067

6) When the check sum of the data returned by the inverter does not match

For 1), 2) & 3) M8156 is set to ON, and an error code is set to D8156.

If a communication error occurs, it is cleared when the next EXTR K10/K11/K12/K13 is
executed.

In general when an error occurs, M8157 turns ON and remains ON (latch) until it is set
OFF.

5.16.1.1.11 Communication command error codes
The table below shows values set to D8156 after EXTR K10 K13 are executed.

D8155 Contents of error Inverter operation
HO0000 Communication is terminated normally (no error)
HO001 The inverter does not give any response
HO0002 Timeout error interlocking with M8129. Error occurs when

transmission from the inverter is aborted

H0003 An unspecified station has given a response
HO0004 The sum of the data returned by the inverter does not match
HO005 In parameter read/write, parameters Nos. 400 to 899 are

specified but cannot be supported. Sets error code 6702
into D8067
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HO06

The communication port is being used for another function
and therefore cannot be used for the EXTR instruction. Sets
error code 6702 into D8067.

H0100

The inverter has transmitted the error code HO - Computer
NAK error. Communication request data includes an error

beyond the permissible number of retries

HO0101

The inverter has transmitted the error code H1 - Parity error.

The contents are different from the specified parity

H0102

The inverter has transmitted the error code H2 - Sum check
error. The sum check code value in the computer is different

to that of the inverter

H0103

The inverter has transmitted the error code H3 - Protocol
error. There is a grammar error in the data received by the
inverter, data receive is not completed within the specified

time, or the CR or LF is different from the parameter setting

H0104

The inverter has transmitted the error code H4 - Framing
error. The stop bit length is different from the default set

value

HO0105

The inverter has transmitted the error code H5 - Overrun
error. Data sent before previous receive transmission was

complete.

HO0106

The inverter has transmitted the error code H6. Currently

undefined

If an error occurs

beyond the permissible
number

of retries, the inverter will

come to an alarm st

H0107

The inverter has transmitted the error code H7 - Character
error. An unused character (any character other than 0 to 9,
A to F and control codes) is received

The inverter does not
accept the data nor does it

come to an alarm stop.

H0108

The inverter has transmitted the error code H8. Currently

undefined

HO0109

The inverter has transmitted the error code H9. Currently

undefined

HO10A

The inverter has transmitted the error code HA. This is a
mode error. A parameter write was tried while the inverter

was in operation or computer link mode was not selected

H010B

The inverter has transmitted the error code HB -Instruction
code error.

A non-existing instruction code is specified

HO10C

The inverter has transmitted the error code HC -Data range
error. In a

parameter write, data outside the permissible setting range
is specified.

The inverter does not accept the data and an alarm does

not occur

The inverter does not
accept the data nor does it

come to an alarm stop.
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HO010D The inverter has transmitted the error code HD. Currently
undefined

HO10E The inverter has transmitted the error code HE. Currently
undefined

HO10F The inverter has transmitted the error code HF. Currently
undefined

5.16.1.1.12 Example program 1
This program reads parameters 0 to 99 in the inverter at station No. 6, to D1000 to D1099

in the PLC.

X010
i1l SET M11
M11 |
ST [ extr | k12 | k6 | v [prooovH
M8029
i
\-{ > | v | ke | RST | Mi1
END

5.16.1.1.13 Example program 2

This program reads parameters 0 to 99 in the inverters at station Nos. 6, 7, 8 and 9, to
D1000 to D1099, D1100 to D1199, D1200 to D1299 and D1300 to D1399 respectively in
the PLC.
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X010
L} SET | Mi1

RST D10

[ IEXTRl K12 | K6 | V1 |D1DUD\.-’2|—

MB029
11

-I = | D10 | K99 I INC D10

V Station No. control
V1 Parameter No. control
V2 Read parameter storage destination

5.16.1.1.14 Example program 3

This program writes the speed parameter from PLC to inverter, performs forward rotation
by input X1, and reverse rotation by input X2.

By re-writing D10 in the peripheral equipment or the display unit, the frequency of the
inverter can be changed.

This program also monitors the frequency and output current in the inverter.
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Pregram which
manitars the
related specal
devioes from the
persanal compuier

X1: Forward,
X2 Reverse

- o ] oanee [ ovm |
e

o

= o | cersr | ors |

“al?m Wriles parameiers bo the imerier ai skat e m
W I I I N
[oon [ wn [ = [ w [wa |

(o[ we [ [ = [ww |

[ [ v [ % [ % [}

[ o | & [ & [wm |

[oon [ ws [ % [ % [}

[ o [ = [ w [ w0}

[Eom] o [ = [ [ |

i
“!i?m ZSaix the default value of the frequency e m
e S ey (e [ o [ v v [ 5w |
Sy e [ [ v [ v [ omn [mom}
M0 Monfors the inverter [omm [ wn | % | o [ravoma ]
(oo [ wn | w [ [ow |

(G [ v [ = [ w0 [os |

(oo [ wn [ = [ [ o= |

(== |

5.16.1.1.15 Example program 4
In the previous example, monitoring and write to the inverter are always driven. If the
program changes the frequency or gives a forward/reverse rotation command,
communication with the inverter may be delayed depending on the step executing

communication.

Hatog e
mwerier

Swep Na. af

inx| on .
c.un-enlg; executing
Error code:

Sep in which an
emor has cocumed
fior the first Sme

Specifizs
uter link
aparation

Mandmum
fraquancy

Minimum
frequency
Multezpeed
=aiting (speed 3)
Mult-speed
saiting (speed 2)
Multezpeed
=aiting (speed 1)
Acceleration time
Decelemation time

Clears, M10 when
execution is
compbele

Monitors siatus
Monilors
frequency

honitors owtput
current

e o

In the example below, when a request to write is generated, a request to read is

interrupted, write is executed, then monitoring is continued again after write is completed.
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Program which
manitars the nel _"ﬁu mm ‘Waiting time for response from
special devices from inwerier
the personal compules ?ﬂ%ﬁgﬂr imstruction curently
| caess | ooees [Ermor code
“ﬁ“ Step in which eror has ocowred far
. the frst time
wame Writes parametsrs (o the inverisr ad start
it
_uﬁn I EXTR | wie Specifies compuler link aperation
[eme [ wn [ we [ wi [ weeo HMaximum frequency
[om ] ou [ w [ o | ow HMinimum frequency
[om [ en | m | s | esso HMulli-spesd sating (3}
[om [ eu [ w | w [ csso Hutulti speed setting (2)
ERaEIEEERLET Iulli speed setting [1)
[em [ eu [ | @ | sw HAcoskration tme
[ [ = [ = [ = [ #it HOeceleration ime
I EE'_ Clears M10 when execution
Exscutes wiite only whan | el fhe dafault value of the frequency omplets
D10 has changed i e mm
N ENED | mov | oo | omea Hiisidrews to detect change
[
; [ T Hsets  request o wrie
H1II T .
I [om [ o [ s [weo | oo Hvrites the requency
e
i o= [ |

X1: Forweard, X2: Reverss

Execuies write io the inverier, only when one of X0 1o X7 has changad

mo | zucce [ omes |

Withdraws to detect change

(= [ =]

[eme [ win [ we [ woea Jazssw HiGihes a command bo the inverter

[ = [weee | cowa
s |
—it
[T
it 1
e

Monitors the status, only when nothing i written to the ireerier

(= [ =]

i = [ ]
 um
| [@m T an T s [ s Jamew Hidonitors the status
:ucrr.| ] | = Moritars the frequency
I‘-"-"‘"l o | - Moritars the output current
EEEE Klonitors the output woltage:

5.16.1.1.16 Example program 5
Example using the STL instruction
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520  MB00D
T T Mov | K2 | D100 | @)

I MOV | HFA | D101 | b)

| mov | Hoz | pioz | c)

EXTR | Ki2 | D100 | D101 | D10z | d)

MB156 g)

SET | S900 e)

meozs  h)
T SET | s21 f)

a) Specifies station No. 2

b) Instruction code for operation command

¢) Forward rotation command

d) Transmits/receives a command to/from the inverter.

e) Changes to the ‘error processing’ state as an error has occurred.
f) Changes to the ‘next’ state as receive is normally finished.

g) Receive is abnormally finished.

h) Receive is complete.

5.16.1.1.17 Related Error Code Lists
PLC hardware error code list (M8061, D8061)

‘K6110 ‘There is an abnormality in the extension ROM cassette. ‘

Grammar error code list (M8065, D8065)

|K6512 |The FNC 180 is described while the extension ROM cassette is not mounted. |

Operation error code list (M8067, D8067)

K6760 The sum of the value read by the ABS instruction does not match.
K6761 When FNC185 was executed, the extension memory cassette was not
mounted.

QOr, the firmware of the function No. specified by the first parameter does not
exist in the extension memory cassette.
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Applied Instructions:

1.

2.

3.

10.

1.

12.

13.

14.

15.

16.

71 17

FNC 00 - 09

FNC 30- 39

FNC 40 - 49

FNC 60 - 69

FNC 80 - 89

FNC 1

s

q

FNC 1

g

1

FNC 1

3

FNC 180-189

FNC 220-249

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/0O Devices
External FX Serial Devices

Floating Point 1 & 2

Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons
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5-16

- X, +)

5-24
5-34

5-42

5-52

5-66

5-80

5-94

5-110

5-118

5-122

5-126

5-136

5-146

5-146

5-150
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Q: Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with the
same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number,
ie.

positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

<Y< Y- An instruction operating in 16 bit mode, where << vxOidentifies the instruction
mnemonic.

Y ¥¢ ¥¢P - A 16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥ - An instruction modified to operate in 32 bit operation.

D¢ ¥¢vc- A 32 bit mode instruction modified to use pulse (single) operation.

-

unless modified by the pulse function.

~ Arepetitive instruction which will change the destination value on every scan

o - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.

5.17.1 LD compare

(FNC 224 to 230)
) . Operands
Mnemonic Function 3 ) Program steps

LDO Initial comparison |K,H, KnX, KnY, KnM, [K,H, KnX, KnY, KnM, |(LDO:
(LoaD contact. KnS, T,C,D, V., Z KnS, T,C,D,V, Z 5 steps
compare) Active when the

comparison DLDO:
where O S100Szis true. 9 steps
iS =| :’1 q:1
<> < =

16 BIT OPERATION 32 BIT OPERATION PULSE-P
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[81] [S2]
H LD = [ K200 | C10 | Yo1

H LD > [D200 | K-30 |£
-{ LD > |ke78493]C200| M50
%

Operation:

The value of Sland S2are tested according to the comparison of the instruction. If the
comparison is true then the LD contact is active. If the comparison is false then the LD
contact is not active.

Points to note:
The LD comparison functions can be placed anywhere in a program that a standard LD
instruction can be placed. l.e., it always starts a new block.

ENC No. Mnemonic Active Inactive
16 bit 32 bit when when
224 LD = DLD = S1=S2 S1#8S2
225 LD > DLD > S1>S2 S1<82
226 LD < DLD < S1<8S2 S1282
228 LD <> DLD <> S1#8S2 S1=S2
229 LD < DLD < S1<82 S1>82
230 LD > DLD > S1>82 S1<S2

5.17.2 AND compare (FNC 232 to 238)

j i Operands
Mnemonic Function S D Program steps
ANDO Serial comparison | K,H, KnX, KnY, KnM, |K,H, KnX, KnY, KnM, |ANDJ:
(AND contact. KnS, T,C,D,V, Z KnS, T,C,D,V, Z 5 steps
compare) Active when the
comparison DANDO:
where O S10 82 is true. 9 steps
is =, > <
<> < >
16 BIT OPERATION 32 BIT OPERATION PULSE-P
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[S1] [S2]
| X920 rAND [ K200 10
i’r‘“—{AND >[K-10 | Do |+ SET | yo11 H
| X2 oano>kereass] D10 F——M50)

M3
i

Operation:

The value of Sland S2are tested according to the comparison of the instruction. If the
comparison is true then the AND contact is active. If the comparison is false then the AND
contact is not active.

Points to note:
The AND comparison functions can be placed anywhere in a program that a standard
AND instruction can be placed. i.e., it is a serial connection contact.

ENC No. Mnemonic Active Inactive
16 bit 32 bit when when

232 AND = DAND = S1 =82 S1#S2
233 AND > DAND > S1>S2 S1<S2
234 AND < DAND < S1<S2 S1=S2
236 AND <> DAND <> S1#52 S1=52
237 AND < DAND < S1<S2 S1>S2
238 AND > DAND > S1=S2 S1<S2

5.17.3 OR compare (FNC 240 to 246)

j . Operands
Mnemonic Function S ) Program steps

ORO Parallel K.H, KnX, KnY, KnM, |[K,H, KnX, KnY, KnM, |ORO:
(OR comparison KnS, T,C,D,V,Z KnS, T,C,D,V, Z 5 steps
compare) contact.

Active when the DOR™:
where O comparison 9 steps
is =, >, <, S108S2is true.
<>, <, 2

16 BIT OPERATION 32 BIT OPERATION PULSE-P
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X001
it Y000
[S1] [S2]
H OR=| K200 | c10

X002 M30

M&0

H OR | D100 [k100000}

The value of Sland S2are tested according to the comparison of the instruction. If the
comparison is true then the OR contact is active. If the comparison is false then the OR
contact is not active.

Points to note:
The OR comparison functions can be placed anywhere in a program that a standard OR
instruction can be placed. i.e., it is a parallel connection contact.

ENC No. Mnemonic Active Inactive
16 bit 32 bit when when
240 OR = DOR = S1=52 S1252
241 OR > DOR > S1>Sz S1<S2
242 OR < DOR < S1<S2 S1=S2
244 OR <> DOR <> S1%92 S1=5S2
245 OR < DOR < S1<S2 S1>S2
246 OR= DOR = S1=S2 S1<S2

6. Diagnostic Devices

The following special devices are used by the PLC to highlight the current operational
status and identify any faults or errors that may be occurring. There are some variations in
the application of these devices to members of the PLC family, these are noted where
appropriate.

The Internal diagnostic devices consist of both auxiliary (M) coils and data (D) registers.
Often there is a correlation between both M and D diagnostic devices for example M8039
identifies that the PLC is in constant scan mode but D8039 contains the value or length of
the set constant scan.

Devices unable to be set by user:

Any device of type M or D that is marked with a“(C] )’cannot be set by a users program. In
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the case of M devices this means the associated coil cannot be driven BUT all contacts
can be read. For data devices (D) new values cannot be written to the register by a user
BUT the register contents can be used in a data comparison.

Default Resetting Devices:

* Certain devices reset to their default status when the PLC is turned from OFF to ON.
These are identified by the following symbol*(=1)”

Symbol summary:

- X notable to be set by user

+ =t automatically reset to default at power ON.
. =R, Also reset to default when CPU is switched to RUN.

. =S Also reset to default when CPU is switched to STOP.

6.1 Device Lists

Device HCA2

M8000

M8001

M8002

M8003

AR D b b o
* (| ¢

M8004

M8005 - -

M8006

M8007 - -

M8008 | - -

AR D 20 2P b 2 b P 2P o

M8009 | - -

M8010 Reserved

M8011

M8012

M8013

M8014

M8015

M8016

M8017

M8018

M8019

M8020

AR D 2 b b 20 20 20 JP 2P
AR SR 2 b b 20 20 20 JP 2P
AR SR 2R b 2 20 20 20 JP 2P

M8021

276



M8022

*

fec

intelligent solutions worldwide

(x|

*

M8023

Reserved

M8024

M8025

M8026

M8027

* [ | % | %

M8028

**1

M8029

%

%

M8030

M8031

M8032

M8033

M8034

M8035

M8036

M8037

M8038

M8039

M8040

M8041

M8042

M8043

M8044

M8045

M8046

M8047

AR AR 2D b b 20 20 2P 2P 2P A 2 S 2 2B S

AR 2R 2 2R b 20 2D 2P 2P Jb 2 B 2 2 2 S

M8048

M8049

AR SR 2P 2P 2D 2D P 2 2D AP 2D 2P 2 2P 2P 2D 2P 2P 2P AP

Device

HCA2

D8000

D8001

D8002

D8003

D8004

X (|6 | b | %

* || % | %

D8005

D8006

D8007

D8008

D8009

D8010

D R b 2P 2P 2B b 2 2P 2P 5
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*

D8012

D8013

D8014

D8015

D8016

D8017

D8018

D8019

D8020

A D b S b 20 AP 2

AR AR 2D b P b b 2B o

AR D 2B b 2P 2 b 2B 2P 5

D8021

D8022

D8023

D8024

D8025

D8026

D8027

Reserved

D8028

D8029

D8030

D8031

* 6| | %

* | % | %

D8032

D8033

D8034

D8035

D8036

D8037

D8038

Reserved

D8039

D8040

D8041

D8042

D8043

D8044

D8045

D8046

AR SR B 2P 2P 2B b

D8047

R S S D b b 2P 2P

%

AR 2R b b 2P 2P 2B 2P 2

D8048

Reserved

D8049

’ -

*

Note *1: M8028 offers a different functionality for
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Device

M8050

M8051

M8052

M8053

M8054

M8055

D 2D 2B 2B b o

M8056

M8057

M8058

M8059

M8060

M8061

*

*

M8062

M8063

M8064

M8065

M8066

M8067

M8068

AR b b 2B 2P 5

D S D b b

M8069

M8070

M8071

M8072

* | % | %

M8073

* ||| ¢

*

AR B 2B S 2 2D 2b 2P 2P 2P JP 2D 2 b b S0 20 2P b 2P A A Sb o

M8074

Reserved

M8075

M8076

M8077

M8078

M8079

%6 | b | b | %

M8080

M8081

M8082

M8083

M8084

M8085

M8086

M8087

M8088

M8089

Reserved
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M8090

M8091

M8092

M8093

M8094

M8095

M8096

M8097

M8098

Reserved

M8099

Device

D8050

D8051

D8052

D8053

D8054

D8055

D8056

D8057

D8058

D8059

Reserved

D8060

D8061

*

*

D8062

D8063

D8064

D8065

D8066

D8067

D8068

D8069

D8070

LR S D 2D b AP 2P

AR R b 2 b b 2P o

AR 2D D b 2D b 2D b S b o

D8071

D8072

D8073

Reserved

D8074

D8075

D8076

D8077

D8078

* % || b |
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D8079

D8080

D8081

D8082

D8083

D8084

D8085

D8086

D8087

D8088

D8089

D8090

D8091

D8092

D8093

D8094

D8095

D8096

D8097

D8098

D8099

A 2P 2D 2P 2P 2P 2P AP 2P 2P AP 2P 2P 20 2P 2P 20 2P 2 2P

Device

M8100

M8101

M8102

M8103

M8104

M8105

M8106

M8107

M8108

Reserved

M8109

M8110

M8111

mM8112

M8113

M8114

M8115

M8116

mM8117

Reserved
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M8118

M8119

M8120

Reserved

mM8121

*

M8122

*

M8123

*

M8124

* |k | ¢

*

* | b | ¢

M8125

Reserved

M8126

*

mM8127

M8128

M8129

D B P o

* || ¢

M8130

M8131

M8132

M8133

LR S D 2D b AP 2P

M8134

M8135

M8136

M8137

M8138

M8139

Reserved

M8140

E

M8141

mM8142

M8143

M8144

Reserved

M8145

M8146

mM8147

* | % | ¢

M8148

* (%% | ¢

*

M8149

Reserved

Device

| Hea2

D8100

D8101

Reserved

D8102

|

| x

D8103

D8104

D8105

D8106

D8107

Reserved
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D8108

D8109

’ ]

| *

D8110

D8111

D8112

D8113

D8114

D8115

D8116

D8117

D8118

D8119

Reserved

D8120

D8121

D8122

D8123

D8124

* ||| |

D8125

%% ||| | %

*

AR D P b AP o

D8126

Reserved

D8127

%

*

D8128

%

*

D8129

*

D8130

D8131

D8132

D8133

D8134

D8135

D8136

D8137

%

AR D b b 2D I b S b A o

D8138

D8139

Reserved

D8140

*

D8141

*

D8142

*

D8143

* |||

*

* || | ¢

D8144

Reserved

D8145

*

D8146

D8147

D8148

* | % || ¢

* | % | %
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Reserved

Device

‘ HCA2

M8150

M8151

M8152

M8153

M8154

M8155

M8156

M8157

M8158

M8159

Reserved

M8160

M8161

*

%

M8162

*

M8163

Reserved

M8164

M8165

M8166

Reserved

M8167

%

M8168

%

M8169

Reserved

M8170

*

mM8171

mM8172

M8173

M8174

M8175

X% | 6| | | %

LA D A b o

D D 2B b b o

M8176

M8177

M8178

M8179

M8180

mM8181

M8182

Reserved

M8183

* M504

M8184

% M505

M8185

*M506

M8186

*M507

mM8187

*M508

L S S S o

%6 || k| ¢
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M8188

% M509

*

M8189

*M510

M8190

*M511

M8191

*M503

* ||
* | OF |+ | ¢

M8192

M8193

M8194

M8195

M8196

M8197

M8198

M8199

Reserved

Device

’ HCA2 ‘

D8150

D8151

D8152

D8153

D8154

D8155

D8156

D8157

Reserved

D8158

D8159

D8160

D8161

D8162

D8163

Reserved

D8164

B

D8165

D8166

D8167

D8168

D8169

D8170

D8171

D8172

Reserved

D8173

D8174

D8175

D8176

* | % || ¢

* |||
* ||| %
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*

D8178

*

D8179

*

D8180

* || ¢

*

% |6 | | ¢

D8181

Reserved

D8182

%

D8183

D8184

D8185

D8186

D8187

D8188

D8189

D8190

D8191

D8192

D8193

D8194

D8195

AR S 2D D b 2D 2D 2P JP 2P 2 S P 2

R D 2P 2P 2P Ab 20 20 2 2P AP 2B o

AR R SR b 2D b 2D 20 2P 2P 2D 3B P o

D8196

D8197

D8198

D8199

Reserved

Note;

When using an N:N network configuration with the

, M503 to M511 are used in place of

the regular M devices as shown above. D208 to D218 are used in place of the regular D
devices shown below.

Device

M8200

M8201

M8202

M8203

M8204

M8205

M8206

M8207

M8208

M8209

M8210

AR AR AR AR AR AR AR AR AR b
>
N

AR AR D 2B b 20 20 2P Jb 3P 2
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*

mM8212

M8213

M8214

M8215

M8216

mM8217

M8218

M8219

M8220

M8221

M8222

M8223

M8224

M8225

M8226

mM8227

M8228

M8229

M8230

M8231

M8232

M8233

M8234

M8235

M8236

M8237

M8238

M8239

M8240

M8241

M8242

M8243

M8244

M8245

M8246

mM8247

M8248

M8249

M8250

M8251

AR 2D 2D b b 2D 2D 2P 2P 20 2B 2 2D 2 b Jb

AR 2D 2 2 b 20 20 2P Jb 2 2 2P 20 Jb 2P 2D 2P JP P 2P 20 S 2D 20 2D 2P 2P AP AP 2P 2D Jb 2D 2D 20 AP 2P 2 b o

AR 2D 2B b b 20 20 2P 2P 20 2P 2D 2 b 2D 2P 20 2P 2P 2P 20 b S0 20 20 JP Jb A AP 2P 20 b b 20 2D 2P 2P 2 b AP 2
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M8252 * * *
M8253 * * *
M8254 * * *
M8255 * * *
Device ‘ HCA2
D8200 Reserved
D8201 % D201 * *
D8202 * D202 * *
D8203 % D203 * *
D8204 * D204 * *
D8205 % D205 * *
D8206 * D206 * *
D8207 % D207 * *
D8208 %*D208 | % *
D8209 %*D209 | % *
D8210 % D210 * *
D8211 *D211 | % *
D8212 *D212 | % *
D8213 * D213 * *
D8214 * D214 * *
D8215 %* D215 * *
D8216 * D216 * *
D8217 * D217 * *
D8218 * D218 * *
D8219 Reserved
D8220
D8221
D8222
D8223
D8224

Reserved
D8225
D8226
D8227
D8228
D8229
D8230
D8231
D8232 Reserved
D8233
D8234
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D8235

D8236

D8237

D8238

D8239

D8240

D8241

D8242

D8243

D8244

Reserved
D8245

D8246

D8247

D8248

D8249

D8250

D8251

D8252

Reserved
D8253

D8254

D8255

6.2 PLC Status (M8000 to M8009 and D8000 to D8009)

Diagnostic Operation

Device

mgooo (X ) | RN
RUN monitor M8061 E‘Ior okc&*rené

NO contact Ve e
mgoo1 (X)) veodi] [ [
RUN monitor Mm8002_] n

NC contact meo@@T] [T ]
M8002 (x) - l_Pngrarn scan time
Initial pulse

NO contact

mg003 (X )

Initial pulse

NC contact

M8004 (x ) ON when one or more
Error error
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occurrence flags from the range
M8060
to M8067 are ON
M8005 (X ) On when the battery
Battery voltage voltage is below the
Low value
(Not /HCA2) set in D8006
M8006 (x ) Latches the battery
Battery error Low error
latch (Not /
HCA?2)
M8007 (X ) See note 2
Momentary

power failure
(Not /HCA2)

M8o08 (X )
Power failure

(Not /HCA2)

Power loss has
occurred

See note 2

M8009 (X )
24V DC Down

(Not /HCA2)

Power failure of 24V
DC

service supply

Diagnostic Operation
Device
D8000 (EIT) [/ HCA2/
Watchdog 200ms
timer See note 1
pgoo1 (X) 22
PLC type and HCAZ2:26 E.g. 26100
version = HCA2, V1.00
24
D8002 (x) 0002: 2K steps
Memory ( only)
capacity 0004: 4K steps ()
(see also 0008: 8K or 16k steps
D8102) (HCA2/ )
DS8003 (x) O00H = Option RAM,
Memory type 01H = Option
EPROM,
02H = Option
EEPROM,
OAH = Option
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EEPROM(protected)
10H = Built-in MPU
memory
D8004 (X ) The contents of this
Error number registerys ¥ v ¥
U PAGAGAGAS identifies which error
flag is active, i.e.
if Y& ¥ ¥evx= 8060
identifies M8060
D8005 (x) E.g. 36 = 3.6 volts
Battery voltage
(Not /HCA2)
pgooe (X) The level at which a
Low battery low
voltage battery voltage is

(Not /HCA2)

detected

pgoo7 (X)
Power failure

count(Not /

The number of times
a

momentary power

HCA2) failure has
occurred since power
ON

D8008 The time period

Power failure
detection.
(Not /HCA2)

before shut down
when a power failure
occurs (default 10ms)

See note 2

D8oog (X )
24V DC failed

device((Not /
HCA2)

Lowest device
affected by 24V DC

power failure

* The contents of this register can be changed
by the user. Settings in 1 msec steps are
possible. The value should

be set greater than the maximum scan time
(D8012) to ensure constant scan operation.
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: Note 2:

* When the power supply used is 200V AC, the power down detection period is

determined by the value of

D8008. This can be altered by the user within the allowable range of 10 to 100msec.

6.3 Clock Devices (M8010 to M8019 and D8010 to D8019)

Diagnostic B Diagnostic 0 -
- . ration
Device R Device pe
Current operation cycle / scan
D8010 (x ) ~urrent op Y
M8010 Reserved time in units of 0.1 msec
Present scan e
. (waiting time for constant scan
time .
mode is included)
M8011 (x ) Mini o/ r—
10 msec Oscillates in 10 msec cycles D8011 (x ) "_“mum Cycle/ scan lime in
clock pulse . units of 0.1 msec
Minimum e
. (waiting time for constant scan
scan time .
M8012 (x ) . . mode is included)
100 msec Oscillates in 100 msec ¥ o
aximum cycle/ scan time in
clock pulse cycles D8012 (x ) . Y
Maximum units of 0.1 msec
M8013 (X ) ti (waiting time for constant scan
1sec Oscillates in 1 sec cycles scan ime mode is included)
clock pulse
M8014 (x )
1 min Oscillates in 1 min cycles
clock pulse
The following devices applyto ,HCA2 and PLC’s as standard when a real time clock
option board installed.
D8013 Seconds data for use with an
Seconds RTC (0 - 59)
D8014 Minute data for use with an
Minute data RTC (0-59)
D8015 Hour data for use with an RTC
M8015 When ON - clock stops, ON Hour data (0-23)
Time setting < OFF restarts clock
When ON D8013 to 10 are D8016 Day data for use with an RTC
M8016 f : Day data (1-31)
- rozen for display but clock y
Register data continues
D8017 Month data for use with an
mgmi’ ] When pulsec_l ON set RTC Month data RTC (1-12)
in. rounding  |to nearest minute
D8018 Year data for use with an RTC
M8018 (X ) When ON Real Time Clock (00-99 or 1980-2079, can be
RTC available |is installed Year data selected)
M8019 Clock data has been set out D8019 Weekday data for use with an

Setting error

of range

Weekday data

RTC (0-6)

6.4 Operation Flags (M8020 to M8029 and D8020 to D8029)

Diagnostic Device ‘ Operation

292




fec

intelligent solutions worldwide

M8020 (X))
Zero

Set when the result of
an

ADD (FNC 20) or SUB
(FNC

21)is“0”

m8021 (X))
Borrow

Set when the result of a
SUB

(FNC 21) is less than
the

min. negative number

M8022 (%)
Carry

Set when ‘carry’ occurs
during an ADD (FNC
20) or

when an overflow
occurs as

a result of a data shift

operation

M8024
(Not /HCA2)

BMOV (FNC 15)
reverse

mode. See note 3

M8025
(Not /HCA2)

When ON
HSC(FNC53-55)
instructions are
processed

even when the external
HSC

reset input is activated

M8026
(Not /HCA2)

RAMP (FNC 67) hold

mode

M8027
(Not /HCA2)

PR (FNC 77) 16
element

data string

M8028
Note:

Separate  and

: Change timers
T32~T62to10mstype

‘Permit

operation FROM/TO to interrupt
(Not HCA2) program.(V3.00 and
above
M8029 (x) Set on the completion
Instruction of
execution operations such as
complete DSW
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(FNC 72), RAMP (FNC
67)

etc.

Diagnostic Device Operation

D8020(=1) Input filter setting for
See note 4 devices; X000 to X017
() default value = 10
msec, zero value =
50usec

(X000, X001: 20psec)
X000 to X007(/ HCA2)
default value = 10msec
zero value = 50usec
(X000, X001: 10usec)

D8021(=1) Input filter setting for
(Not HCA2,) See devices;
note 4 X010 to X017 ()

default value = 10
msec,

zero value = 50usec

D8022 -D8027 Reserved

pgo2g (X ) Current value of the Z0
index register
See note 5

D8029 (X ) Current value of the VO

index register

See note 5

Note 3

* If M8024 is used with a BMOV (FNC 15) instruction, it will operate as follows; M8024
OFF - Normal operation (Forwarding direction is [S] to [D]) M8024 ON - Reverse operation
(Forwarding direction becomes [D] to [S]) This device is not supported in  and HCA2
Note 4

* The settings for input filters only apply to the main processing units which use 24V DC
inputs. AC input filters are not adjustable.
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6.5 PLC Operation Mode (M8030 to M8039 and D8030 to D8039)

Dl;g“n;;:hn Operation Dlgﬂ:ﬁm Operation
MEBDI0 =)
Battery LED Eattery vollage is low but DB030 (X ) Valua read from first setting
OFF BATT.WV LED not lit f “pot” in msec, (0 to 255)
MB03T (=) Current davica settings ara
Non-latch reset at next END, ie. DBo31(x) | Value read from second
. satling “pot” in msec, (0 o
memory all contacts, coils and current | 255)
clear data values for ¥, M, 5, T,C
and D devices respactively.
MB032 (=) Special devices and file
Latch memory | registars which have default
all clear setlings are refreshead with
thase defaults
The davice siatuses and
ﬂgfnznar:;idd setlings are retained when
in 'stop* made the PLC changes from RUN
fo STOP and back info RUN
All of the physical switch
MEB034 (=) gear for activating outputs is
All autputs disabled. However, tha
disable presgram still operates
narmally. DA0AZ -DBO3E | Reserved
MB035 [=5)
F':""I":? By using forced operation
operation mode, i.e. MB35 is tumed
mode ON, it is possible to perform
MBDIE [=5) ramota RUM/STOP or
Forced RUN pulsad RUM/ STOP
signal oparation.
MEO3T [=~s) Please see Chapter 10 for
Eorced STOP | exampls oparation
signal
ME038 For the satting of devices
Mia M when using an N o M
nabworking natwork
When ON tha PLC axecules This register can be written to
the user program within & by the user to define the
MB038 (=) L'.I.:bl'IEl.EI.I'It scan duralion. Tha DB038 (=) dural.il:rr! of the constant scan.
Constant difference betweean the Canetant H.HEI:!IHJI.IDI'IE of imsac ara
scan mode actual Fnd of tha program scan duration pue.islhla..
operation and the sat This register has a default
consiant scan duration satling 0 msec which will be
causes the PLC o ‘pause’. initiated during power OM.
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6.6 Step Ladder (STL) Flags (M8040 to M8049 and D8040 to D8049)

Diagnostic . Diagnostic f
Device Operation Device Operation
MB04D (=) | \rhen ON STL state transfer uaaab ex )
STL transfer s disahled r=||[Loweast active
disable STL step
When OM STL transfer from
MBD4T [=5) initial state is enabled during L g:?::l}:e}
Transfer start | aulomatic opemtion STL state
(ref. IST FMC 60)
M8042 (e3) A pulse output is given in DED#-E.{A' ]
Start pulse respansa bo a start input [ [3rd active
pu {ref. IST FMC 60) STL state
MB043 [=5) On during the last state of CE043 (X )
Zero raturn ZERD RETURN mode = |[ath active STL |Up to B active STL states,
complate {ref. IST FNC 80) siate from the range S0 to SBEE,
MB044 [ =5) 0N when tha machine zam DB044 (X ) are stored in DB040 to DBO4T
Zaro point is detected (|5th active STL |in ascending numerical order.
condition {ref. IST FMC 60) stats (Updated at END)
oo 1| v | Jovoss )
All u:ltd?:;uﬂ Moo i6 changed Btht:.cln.-a STL
e {ref. IST FNC 60) Bl
ON when STL moniforing
ME04E (X )  |has been enabled (MBO4T) L E;D“B_“ }ETL
STL state OM | and there is an active STL active
state
slate
MBDAT [[ex) When ON DB040 to DB04T CE047 (X )
Enable STL are enabled for active STL Bth active STL
monitaring step monitoring state
MED48 (X ) OM when Annunciator
Annunciator manitaring has bean
ON enabled (MB043) and there Basans Faasanved
fhat Fxre, Fxng | 15 &n aclive Annunciator flag
MB04S [ =)
Enatile When ON DB049 is enabled DB049 (X ) | Stores the lowest curmently
. ; : Lowest active | active Annunciator from the
Annunciator for active Annunciator siate :
manitorin manitoring Annuncistor | range S300 to 5959
et P, n%rm; (Mot Fitrs, Fxw) | (Updated at END)

General note:

* M8046 to M8049 STL states are updated when the END instruction is executed.
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6.7 Interrupt Control Flags (M8050 to M8059 and D8050 to D8059)

Diagnostic . Diagnostic .
Device Operation Device Operation
MBOS0 (=)
1001 disable
MBOS1 (=)
1100 disable D8050 -DB05Y | Reserved
MBOS52 (=)
12003 disable When the EI (FNC 04)
M8053 (=1) instruction is driven in the
1300 disable user program, all interrupts
are enabled unless the
H%ﬁg‘(r& special M devices noted
isable here are driven ON. In that
M805 5. (=1) case for each special M coil
|50 disable  |that is ON, the associated
MBOSE (=) interrupt is disabled, i.e. will
|61 disable not operate.
i MNote Ol denctes all types of
MBOST (,.I:' that intermpt
17001 disable
MBOSE (=)
18001 disable
1010 ~ 1060 is disabled for
MBO59( =) high speed counter interrupt
1010 to 1060 (FNC53)
disabled asa |When this flag is ON, the
single group associated interrupt is
disabled and therefore will
not operate.
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6.8 Error Detection Devices (M8060 to M8069 and D8060 to D6069)

Operation
Diagnostic Detection Diagnostic "
, PROGE| PFLC . Operation
Device orther = == Device
MB0ED (X )
o The first /D number of
configuration OFF | RUMN 06060 (x ) the unit or block causing
arror While: the: the arror - Sea note 6
PLC iz in
RUMN
MB0G1 (X ) Error code for hardware
PLC hardware ON | STOP Da0E1 (X ) efmor - Sae appropriate
ENTor ermor code table
MB0E2 (X ) When a
PC/HPP signal fram Error code for PC/HPP
COMMMS Brmor on the DE06E2 (X ) Communications ermor -
programiming programming Sae appropriate arror
port =
port recsived code table
! OFF | RUN
MB0E3X )| =R)
Parallel link/ """"::.:' Error code for parallel
R5232-C and Sgnas mm link arror - See FX
RS485 (422) Lh:::mm' DBOB3(X )}-R) communication usars
COMMS error an received manual
optlional port
ve0s4 o) O oo it
Parametear Da064 (X ) paramet
appropriate ermor code
error ‘Whaan the
program is table
changed Error code identifying
MB0ES (X ) (PLG in syntax arror - Sea
Syntax error ﬂﬂﬂlmu Flash | STOP DBoes (x ) appropriate ermar code
ProgrEm = tauE
transferred Error code identifying
MB0EE (X ) E!'gp'" program construction
Program ! D80G (X )  |error
error Sae appropriate arror
code tabla
MBOBT(X (<R) operation ertor See
Operation DBOG7(x =) appropriaie ermor code
Brrer Whie "etC | OFF | RUN table
MB0ES (=) Operation amor sty
Operation DB06E (=) H A
number latchad
error latch
MB0GS | =) Step numbers for found
WO bus arror See nole T - - DE06H X ){=R) |ermors correspanding to
flags MB0GS to MBOGET

®- Please see the following page for the notes referenced in this table.

Note 6:

*If the unit or block corresponding to a programmed |/ O number is not actually loaded,
MB8060 is set to ON and the
first device number of the erroneous block is written to D8060.
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Note 7:

*An I/O bus check is executed when M8069 is turned ON. If
an /O bus error occurs, error code 6103 is written to D8069
and M8061 is turned ON.
If an Extension unit 24V failure occurs, error code 6104 is
written to D8061 and M8061 is turned ON. M8009 will then
be turned ON and the I/O address of the lowest numbered
device affected by the 24V DC power failure is written to

D8009

General note:
*HPP refers to Handy programming panel.

6.9 Link and Special Operation Devices (M8070 to M8099 and D8070 to

D8099)
Diagnostic n Diagnostic n
Device Operation Device Dperation
Dvfwen it the PLL [ & Parallel link watchdog time -
MEDTD [=R) master station in a parallal DEOTD (X ) SO0 msss
link application
Driven when tha PLC is a
ME0T1 [=R) slave station in a parallsl
link application
MB072 (X ) ONunlathe LG DBOT1 - DBOT3 |Reserved
operating in a parallal link
OM whean MBOTO/ MBO7T1
MBOTI (X ) are incorrectly sat during
parallel link operations
ME0T4 Reserved Lanr4
MB0TS When execuling Sampling DBOTS
trace in GX-Daveloper ar ,
PCS/AWIN-E, thase
L0786 davices are used by the Donre
PLC internal systam :
BTy OM during sampling traca malll
MEDTE DN when sampling trace DBO7E Eg"i:’é“;fggfﬂif‘p";f';’:ﬂ
complete ' PCSIWIN-E, these
When executing Sampling devices are used by the PLC
traca in GX-Daveloper or inlernal system
MBo79 PCSIWIN-E, this device !}EDTQ 4
! is usad by the PLC internal
system
DE080D to
DB02S
MB0S0 -MB0598 |Re d
sernve DB096 1o
CBOSE
High EFIEEH:I free timer Frea ring timer, range: 0-
MB0SS ) operation ) DE059 32,767 in units of IZ.H msec
When ON, cantinue (for use in measuring high
counting free ring timar spead pulse input durations)
(DB0ag) Sen sacion 10.9.2
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6.10 Miscellaneous Devices

(M8100 to M8119 and D8100 to D8119)

Dlagn?stlc Operation
Device
M8109 (x ) Output refresh error
Not HCA1HCAZ |

6.11 Communication Adapter

Diagnostic Operation
Device
0002: 2K steps ( yca1 )
5181 02 (x') 0004: 4K steps ( HCAS )
Cemm’ 0008: 8K steps (HCA2/HCAS )
apacity 0016: 16K steps (ucas = )
D8109 (X ) Output refresh error, lowest
device number; 0, 10, 20, etc.

Devices, i.e. 232ADP, 485ADP (M8120 to M8129 and D8120 to D8129)

Diagnostic -
Device Operation

M8120 Reserved

Data transmission delayed
M8121(x )(=<R) (RS instruction)

Data transmission flag
MB122 (<iR) (RS instruction)

Finished receiving data
M8123 (iR} (RS instruction)

Carrier detection flag
MB124(x ) (RS instruction)
Ma125 Reserved

Global flag
MB126 {Computer link)

On Demand handshake flag
MB127 (<) {Computer link)

On Demand error flag
MB128 (<) {Computer link)

On Demand Byte/Word

change over
M8129 (=) (Computer link),

Time out evaluation flag

(RS instruction)

Diagnostic
Device

Operation

Communications format

D8120 (RS instruction, Computer
link)
D8121 Station number setting

(Computer link)

D8122(X )(=R)

Amount of remaining data to
be transmitted
(RS instruction)

D8123(X )(=R)

Amount of data already
received
(RS instruction)

D8124 (=)

Data header, default STX
(02H)
(RS instruction)

D8125 (=)

Data terminator, default ETX
(03H)
(RS instruction)

D8126

Reserved

DB127 (=)

On Demand head device
register
(Computer link)

D8128 (=)

On Demand data length
register
(Computer link)

D8129

Data network ‘time-out’ timer
value

(RS instruction, Computer
link)
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6.12 High Speed Zone Compare Table Comparison Flags

(M8130 to M8148 and D8130 to D8148)

Diagnostic . Diagnostic .
Device Operation Device Operation
) Contains the number of the
M8130 Selects comparison tables D8130 (X )(=1) |current record being
| to be used with the HSZ rocessed in the HSZ
See note 8 instruction P .
comparison table
Contains the number of the
current record being
M8131 (X )(=x) |ON when the H5Z )
. comparison table has been _" DB,‘K“ (X )(=1) | processed in the HSZ
See note 8 completed comparison table when the
P ’ PLSY operation has been
enabled
M8132 Selects the use of the PLSY
. instruction with the HSZ - .
See note B comparison tables D8132 Contains the source (output
D8133 pulse frequency) data for the
ON when the HSZ PLSY instruction when used
M8133 (X )(=) |comparison table (when (X )(=2) with the HSZ comparison
* |used with the PLSY table
See note 8 instruction) has been
completed.
Contains a copy of the value
for the current comparison
gg:gg when the H5Z comparison
=l ) (=) table and combined PLSY
output are used. This data is
only available in 32 bit or
MB13 double word format.
M8 3;_ Reserved Contains the total number of
D8136 pulses that have been output
D8137 using the PLSY (or PLSR)
(X ) (<0) instruction on Y000 and Y0O01.
This data is only available in
32 bit or double word format
D8138 -
D8139 Reserved
Note 8

* See section 5.6.6 for full explanation and use.
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Diagnostic
Device

Operation

MB8140 (X )(=1)

When ON, clears pulse
output in FNC156(ZRN)
instruction

M8141 to
M8144 Reserved
M8145 (=x) Y000 Pulse output stop

command

M8145 (=1)

Y001 Pulse output stop
command

M8147 (X ) Y000 Pulse output monitor
. (Busy/Ready)
M81438 (X ) Y001 Pulse output monitor

(Busy/Ready)

Diagnostic .
Device Operation
Contains the total number of
D8140 pulses that have been output
D&141 to YO using the PLSY or PLER
X ) (=) instructiocns. This data is only
(X (= avallable in 32 bit or double
word format.
Contains the total number of
D&142 pulses that have been output
to Y1 using the PLSY or PLSR
D&143 . - - :
(X ) (=) instructions. This data is only
' available in 32 bit or double
word format.
FNC156{ZRN),
D&145 (=1) FNC158({DRVI),
P FNC159(DRVA) Bias value
setling (default:0)
D8146 (=v) FNC156{ZRN),
P FNC158(DRVI),
FNC159{DRVA)
D8147 (=9) Max. speed setting
(default:100,000)
FNC156{ZRN),
FNC158(DRVI),

D8148 (=)

FNC159(DRVA) Acceleration/
Deceleration time setting
(default:100)
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6.13 Miscellaneous Devices (M8160 to M8199)

m" Operation m" Operation
Device Device
Selaction of XCH operation
MB1E60 (=) fo swap byles in a single
data word
Selection of B bit operations
MB161 (=) for applied instructions
ASC, RS, ASCI, HEX, CCD
High speed maode for
MB162 (=) Parallal link, 2 data words
Readiwrite anly
When OM, a valua in DB164
is usad as the numbear of
MB162 (<) | FROMTO exchange points.
{FXawne CPU Verslon 2.00
and above)
Selection of haxadecimal
MB1ET (=) input mode for the HKY
instruction
Selaction of BCD mode for
MB1E8 | =) use with the SMOV MB17E -MB199 |Raesaerved
instruction
ME165 Reservad
MB170 (=R) When the leading edge of a
X0 pulse catch | pulsse is received at an input
MBTTT (=R from the range X0 io X5 the
X1 pulse catch |associated M device
%2 pulse catch reselting the sama davice
ME173 (=R} within tha usear program l_ha
X3 pulse catch rﬂx! pulse OCCUrrence wiill
again set tha M coil OM.
MET74 (=) Hence, fast input pulsas are
XA puies colch ‘caught” and stored. This
operation requires tha El
MB1T5 (=R) | (FMCO4) instruction to be
X5 pulse catch | activa. For details see page

612
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6.14 Miscellaneous devices (D8158 to D8164) and Index Registers (D8182

to D8199)
m;g::::m Operation D'Eﬂ:ﬁ:ﬂuc Operation
D8158 (=1) CHg:tET'SI[?he’II:’;CE or D8187 (X ) Value of V3 index register
Default: k-1
Control device for
D815 (=) HCA2-5DM*1 D8188 (X )  |Value of Z4 index register
Default: k-1
Number of FROM/TO
P'.gmd' (=) {Exﬁgigg?‘:gﬂ'ﬂzsian 200 and D8189 (X ) Value of V4 index register
above)
D181 (X ) Reserved DB8190 (X ) Value of Z5 index register
DB8182 (X ) Value of Z1 index register D8191 (X ) Value of V5 index register
D8183 (X ) Value of V1 index register DB8192 (X ) Value of Z6 index register
D8184 (X ) Value of 22 index register DB8193 (X ) Value of V6 index register
D8185 (X ) Value of V2 index register D8194 (X ) Value of Z7 index register
DB186 (X ) Value of Z3 index register DB195 (X ) Value of V7 index register

*1 See Chapter 10.19.2 for more information
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6.15 N:N Network Related Flags and Data Registers

Note: Functionality available for
CPU Version 2.00 and above.

Diagnostic Operation
Device
D8173 (X) Station number
D8174 (X) Total number of slave

stations
D8175 (-X) Refresh range
D8176 Station number setting
See notel0 Default value kO
D8177 Total number of slave
See notel0 stations

setting

Default value k7
D8178 Refresh range setting
See notel0 Default value kO
D8179 Retry count setting
See notel0 Default value k3
D8180 Comms time-out setting
See notel0 Default value k5

8201 ('x) (For use
D201)

Current network scan time

D8202 (X) (For use
D202)

Maximum network scan time

D8203 (X)) (For use
D203)

Number of communication

error at master station

D8204 to
D8210 (X)) (For use
D204

to D210)

Number of communication
error at respective slave

station

D8211 (X) (For use
D2113

Code of communication error

at master station

D8212 to D8218 (X))

(For use D212 to D218)

Code of communication error

at respective slave station

Diagnostic Operation

Device

mM8183 (X)) ON when

(For use communication error
M504 in master station
m8184 (X) ON when

(For use communication error
M505 in 1 st slave station
M8185 (X) ON when

(For use communication error
M506) in 2 nd slave station
M8186 (X)) ON when

(For use communication error
M507 in 3 rd slave station
m8187 (X) ON when

(For use communication error
M508 in 4 th slave station
m8188 (X) ON when

(For use communication error
M509) in 5 th slave station
M8189 (X)) ON when

(For use communication error
M510) in 6 th slave station
M8190 (X)) ON when

(For use communication error
M511) in 7 th slave station
M8191 (X) ON when

(For use communicating to
M503) another station

@Note 9

* Devices M503-M511 and D201-D255 in the
the user program. These devices are used exclusively for the N:N Network.
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Note 10

* When these devices are not being used for an N:N Network their respective default

values are all'0’. The relevant default values are assumed at each power ON.

6.16 Up/Down Counter Control (M8200 to M8234 and D8219 to D8234)

Dlagnf:stlc Operation
Device

When M8<r ¢y is operated,
counter C7e7¢ 7% functions as

M8200 - a down counter. When

MB234 (=1) M8 7% ¥ is not operated the
associated counter operates
as an up counter

Diagnostic
Device

Operation

D8219 -D8234

Reserved

6.17 High Speed Counter Control (M8235 to M8255 and D8235 to D8255)

Diagnostic
Device

Operation

M8235 -M8245
(=1)

When M8¢ ¢ is operated,
the 1 phase high speed
counter Cx7¢ 7 functions as
a down counter. When

M87r ¢y is not operated the
associated counter operates
as an up counter.

The available counters
depends upon the PLC type.

Diagnostic
Device

Operation

M8246 - M8255
(X )(=1)

When M87¢ 7t 7r is operated,
the 2 phase high speed
counter Cr ¢ r functions as
a down counter. When

M8 ¢ 7t is not operated the
associated counter operates
as an up counter.

The available counters
depends upon the PLC type.

6.18 Error Code Tables

D8235 -D8255

Reserved

Error Detection
Device

Stored Error
Number

Associated Meaning

Action

D8061
PLC Hardware
error

0000 No error

6101 RAM error

Check the cable
connection between the

6102

Operation circuit error

extension unit/block and

6103

/O bus error (M8069 = ON)

the PLC

6104

Extension unit 24V failure (M8069=0N)

6105

Watch Dog Timer error

Scan time has exceeded
the WDT time value set
in D8000. Check user
program.
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Error Detection

Stored Error

Associated Meaning

Action

Device Number
0000 No error
D8062 6201 Parity/ overrun/ framing error Check the cable
PC/HPP 6202 Communications character error connection between the
ce::)rrz:numcatlon 6203 Communication data sum check error | programming device and
6204 Data format error the PLC
6205 Command error

Error Detection

Stored Error

Associated Meaning

Note

Device Number

0000 No error

6301 Parity/ overrun/ framing error

6302 Comms character error Check communication

6303 Comms data sum check error settings, parameters and

6302 C data f t applicable devices.
D8063 omms data Tormat error (Computer link, N:N
Serial gommandl_erll('or ved d network, Parallel link
communication 6305 omputer link - receive comman etc.)
errors other than GW (global) when station Referto

number was FF Communication Users

6306 Watchdog timer error Manual for wiring

6312 Parallel link character error techniques

6313 Parallel link data sum check error

6314 Parallel link data format error
=L De_tectlon i Associated Meaning Action

Device Number

0000 No error

6401 Program sum check error

6402 Memory capacity setting error STOP the PLC. check
Eggas:leter 6403 Latched device area setting error parameter, if incorrect
error 6404 Comment area setting error change to a suitable

6405 File register area setting error value

6406 - 6408 |Reserved
6409 Other setting error
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Error Detection | Stored Error
Device Number

0000 MNo error

Incorrect instruction/ device symbol/
6501 i -
device number combination

Associated Meaning Action

Mo timer or counter coil before setting
value

1)No setting value following either a timer
or a counter coil

2})Insufficient number of operands for an
applied instruction

1)The same label number is used more During programming
than once '

6504 ) . . each instruction is
D8G5 2)The same interrupt input or high speed | -hacked as it is entered.

Syntax error counter input is used more than once If a syntax error is
6505 Device number is outside the allowable |detected, re-enter the
range instruction correctly
6506 Invalid applied instruction

Invalid Pointer device [P] assignment for
6507 ) .
Jump or Call instruction
6508 Invelllld Interrupt pointer device [I)
assignment
6509 Other error
6510 MC nesting (M) number error

6502

6503

The same interrupt input or high speed

6511 counter input is used more than once

Error Stored Error Associated Meaning Action
Detection Number

Device

D8066 0000 No error A circuit error occurs if a

Circuit error | 6601 LD and LDl is used continuously 9 or combination of

more times in succession instructions is incorrect

6602 1)No LD/ LDl instruction. The use of or badly specified.
LD/LDI or ANB/ORB instruction is Select programming
incorrect. mode and correct the
2)The following instructions are not identified error.
connected to the active bus line: STL,
RET, MCR, (P)ointer, (I)nterrupt, El, DI,
SRET, IRET, FOR, NEXT, FEND and
END

3)When MPP is missing

6603 MPS is used continuously more than 12

times

6604 The use of MPS, MRD, MPP instruction

is incorrect

6605 1)The STL instruction is continuously
used 9 times or more
2)MC, MCR instruction, (I)nterrupt

pointer
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orSRETIinstructionisusedwithinanSTL
program area
3)RET has not been used in the program

or is not connected to an STL instruction

6606

1)No (P)ointer, ()nterrupt pointer

2)No SRET/ IRET

3)An (Dnterrupt pointer, SRET or IRET
has been used within the main program
4)STL, RET, MC or MCR have been
used within either a subroutine or an

interrupt routine

6607

1)The use of FOR and NEXT is incorrect
2)The following instructions have been
used within a FOR -NEXT loop: STL,
RET, MC, MCR, IRET, SRET, FEND or
END

6608

1)The use of MC/ MCR is incorrect
2)Missing MCR NO

3)SRET, IRET instruction or an
()nterrupt pointer has been used within

an MC/ MCR instruction area

6609

Other error

Error
Detection

Device

Stored Error

Number

Associated Meaning

Action

D8066

Circuit error

6610

LD, LDl is used continuously 9 or more

times in succession

6611

Number of LD/LDI instructions is more
than ANB/ORB instructions

6612

Number of LD/LDI instructions is less
than ANB/ORB instructions

6613

MPS is used continuously more than 12

times

6614

MPS instruction missing

6515

MPP instruction missing

6616

Unauthorized use of the MPS/ MRD/
MPP instructions; possible coil missing

6616

Unauthorized use of the MPS/ MRD/

MPP instructions; possible coil missing

6617

One of the following instructions is not

connected to the active bus line: STL,

A circuit error occurs if a
combination of
instructions is incorrect
or badly specified.
Select programming
mode and correct the

identified error.
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RET, MCR, (P)ointer, (I)nterrupt pointer,
El, DI, SRET, IRET, FOR, NEXT, FEND
and END

6618 STL, RET, MC or MCR programmed
within either a subroutine or an interrupt
routine
6619 Invalid instruction programmed within a
FOR - NEXT loop: STL, RET, MC, MCR,
()nterrupt pointer, IRET and SRET
6620 FOR - NEXT instruction nesting levels
(5) exceeded
6621 The number of FOR and NEXT
instructions does not match
6622 NEXT instruction not found
6623 MC instruction not found
6624 MCR instruction not found
6625 The STL instruction is continually used 9
times or more
6626 Invalid instruction programmed within an
STL - RET program area: MC, MCR,
()nterrupt pointer, IRET and SRET
6627 RET instruction not found
6628 ()nterrupt pointer, SRET and IRET
incorrectly programmed within main
program
6629 (P)ointer or (I)nterrupt pointer label not
found
6630 SRET or IRET not found
6631 SRET programmed in invalid location
6632 IRET programmed in invalid location
Error Stored Error Associated Meaning Action
Detection Number
Device
D8067 0000 No error These error occur
Operation 6701 1)No jump destination (pointer) for CJ or | during the execution of
error CALL instructions an
2)(P)ointer is designated in a block that operation. When an
comes after the END instruction operation error occurs,
3)An independent label is designated in | STOP the PLC enter
a FOR-NEXT loop or a subroutine programming ode and
6702 6 or more CALL instruction nesting correct the fault.

310




fec

intelligent solutions worldwide

levels have been used

Note: operation errors

6703 3 or more interrupt nesting levels have can occur even when
been used the syntax or circuit
6704 6 or more FOR - NEXT instruction design is correct, e.g.
nesting levels have been used D500Z is a valid
6705 An incompatible device has been statement within an
specified as an operand for an applied HCAZ2PLC. But if Z had
instruction a value of 10000, the
6706 A device has been specified outside of | data register D10500
the allowable range for an applied would be attempted to
instruction operand be accessed. This will
6707 A file register has been accessed which | cause an operation
is outside of the users specified range error as there is no
6708 FROM/ TO instruction error D10500 device
6709 Othererror,i.e.missingIRE/SRET, available.
unauthorized FOR - NEXT relationship
D8067 6730 Sampling time TS(TS<0 or >32767) The identified
PID 6732 Input filter valuea(a<0 or >=101) parameter
Operation 6733 Proportional gain KP(KP<0 or >32767) | is specified outside of
error 6734 Integral time constant Tl (TI<0 its allowable range
or >32767) Execution ceases PID
6735 Derivative gain KD(KD<0 or >=101) instruction must be
6736 Derivative time constant TD (TD<0 reset before execution
or >32767) will resume
6740 Sampling time TS is less than the TS is set to program
program scan time scan time -Execution
will continue
6742 Current valueAexceeds its limits Data affected resets to
6743 Calculated erroreexceeds its limits the nearest limit value.
6744 Integral result exceeds its limits For all errors except
6745 Derivative gain over, or differential value | 6745, this will either be
exceeds allowable range a minimum of -32768 or
6746 Derivative result exceeds its limits a maximum of +32767.
6747 Total PID result exceeds its limits Execution will continue,
but user should reset
PID instruction.
6750 SV - PVnf< 150, or system is unstable The error fluctuation is
(SV - PV nf has wide, fast variations) outside the normal
6751 Large Overshoot of the Set Value operation limits for the
6752 Large fluctuations during Autotuning Set | PID instruction.

Process

Execution ceases. PID

instruction must be
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‘ ‘ reset.
7. Execution Times And Instructional Hierarchy
7.1 Basic Instructions
Mnemonic | Object Steps Execution Time inusec
Devices HCA2
ON OFF ON OFF ON OFF
LD X,Y,M,S,T.C 1 0.7 0.08
LDI and special
AND M 0.65
ANI
OR
ORI
LDP X,Y;M,S,T,.C 1 11.7 - 11.7 - 43.2
LDF - -
ANDP - - 374
ANDF - -
ORP - -
ORF - -
ANB Not 1 0.55 0.08
ORB applicable
MPS 0.5
MRD 0.55
MPP 0.5
INV
MC Nest level, 3 8.6 8.0 8.6 8.0 24.8 27.5
MY
MCR Nest leve 2 4.1 - 4.1 - 20.8
NOP Not 1 0.45 0.08
END applicable 450 - 450 - 508
STL S 1 15.8+ - 15.8+ - 27.3+12.6n
(see note 1) 8.2n 8.2n
RET Not 4.8 - 4.8 - 21.6
applicable
Mnemonic | Object ‘ Steps ‘ Execution Time inuysec
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Devices HCA2
oN |oFF |on OFF | ON | oFF
ouT Y, M 1 0.7 0.08
s 2 4.4 24.4 | 243
Special M 2 2.8 0.16
T-K 3 11.2 10.2 11.2 10.2 42.3 37.4
T-D 3 12.2 11.2 12.2 11.2 42.2 37.2
C-K (16 bit) 3 8.1 6.9 8.1 6.9 25.5 249
C-D (16 hit) 3 9.5 8.0 9.5 8.0 253 25.0
C-K (32 bit) 5 8.1 6.8 8.1 6.8 25.3 24.9
C-D (32 bit) 5 9.5 8.0 9.5 8.0 25.2 249
SET Y, M 1 0.85 0.08
S 2 4.2 24 4.2 2.4
S when used 18.6+ 2.4 18.6+ 2.4 27.3+ 17.2
in 6.8n 6.8n 12.6n
an STL step
(see note 1)
Special M 2.8 0.16
RST Y, M 1 0.85 0.08
s 2 38 |24 |38 |24 23.1 17.3
Special M 2 2.8 0.16
TC 2 8.7 7.3 8.7 7.3 27 25
D, V, Zand 3 3.8 1.1 3.8 1.1 21.9 17.1
special D
PLS Y, M 2 10.8 0.32
PLF Y, M 2 0.32
P 0TO6 1 0.45 0.08
I iogo 1
Note 1:

.‘(

n’in the formulae to calculate the ON/OFF execution time, refers to the number of STL
instructions at the current parallel/merge branch. Thus the value of “n”will fall in the range
1to 8.
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Execution Time in sec

Mnemonic 16;;2 HCA1 HCAZ HCAS
ON | OFF ON [ OFF [P | ON | OFF
0o
cJ 16 7.1 1.2 7.1 1.2 |« | 29.0 | 64
[i}]
CALL 16 9.3 3.2 9.3 3.2 |+ 322 | 64
02
SRET 16 8.3 83 - 21.2
03
IRET %1 8.1 8.1 18.1
04
El %1 6.0 6.0 55.8
05
DI %1 53 53 18.5
06
FEND %1 450 450 508
o7
WDT 16 3.7 2.7 3.7 27 |#| 263 | 64
08
FOR *1 7.5 7.5 276
09
NEXT ®1 4.6 4.6 5.2
10 16 40 2.5 40 2.5 7 B7T.6E | 6.4
CMP 32 41 45 41 4.5 919 | 64
1 16 45 2.5 45 2.5 P 103.2| 64
ZCP 32 47 4.5 47 4.5 10889 6.4
12 16 19 25 19 25 7 152 | 1.52
MOV 32 22 3.0 27 3.0 184 | 1.84
13
SMOV 16 Mot Availa 155.2| 6.4
13 16 ot Available 574 64
CML 3z K9 64
15
78+ 78+ 97.0+
Bmgv 16 27n 25 290 25 |4 1.7n 6.4
16 16 ﬁfg: 6.4
FMOW ?:3'2+
%2 3z Mot Available 5 on 6.4
17 16 57.2 6.4
XCH 3z 64.0 6.4
18 16 30 25 30 2.5 7 379 | 64
BCD 32 (386 | 30 386 | 3.0 ATE | 6.4
19 16 a0 25 30 2.5 7 32.4 6.4
BIN 3z 355 | 3.0 355 3.0 44 .5 6.4
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Execution Time in pusec
Mnemonic 1 EBﬂltz HCAT HCAZ HCAB
ON [OFF [P| ON [OFF [P ON | OFF
20 16 [ 375 | 25 7 375 | 25 7 276 | 6.4
ADD 32 [402 ] 45 402 | 45 2889 | 6.4
21 16 | 375 25 7 arTs | 25 7 276 | 64
suUB 32 [405 ] 45 405 | 45 289 | 6.4
22 16 | 382 25 7 382 | 25 7 252 | 64
MUL 32 | 503 45 503 | 45 314 | 64
23 16 [ 392 | 25 7 392 | 25 7 32.0 | 6.4
DIv 32 [ 635 45 635 | 45 364 | 64
24 16 (145 | 2.5 7 145 | 25 7 18.8 | 6.4
INC 32 167 | 45 167 | 45 2021 64
25 16 14.5 25 7 14.5 25 7 18.9 6.4
DEC 32 167 | 45 167 | 4.5 200 ] 6.4
26 16 | 357 | 25 7 3BT | 25 7 234 | 64
WAND 32 | 373 | 45 373 | 45 247 | 6.4
27 16 | 367 | 25 7 387 | 25 7 235 | 64
WOR 32 | 373 | 45 373 | 45 247 | 6.4
28 16 | 357 | 25 7 357 | 25 7 235 | 6.4
WXOR 32 [373 | 45 Ar3 | 45 250 | 6.4
29 16 353 | 64 7
NEG 3z 384 | 64
30 16 61.7 | 6.4
Rf?’R 32 653 | 64 ’
3 16 61.2 | 64
R*C;L 32 . 652 | 64 ’
Mot Available
2 | 16 603! 64
RCR BT J
*3 32 o6n | 64
33 | 16 5! 64
RCL 5 g 5t +
*3 a2 2 6n 6.4
M 55+ 55+ 107+
Sas | ™® [125n] 2 | ]128n| 2° | |s38n| O |7
35 56.1+ 56.1+ 104.9
S;ZL 16 1.96n 25 |4 1.25n 25 |+ 53 8n 64 |4
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Execufion Time in usec

Mnemonic 1%"{:'2 HCA1 HCA2 HCAS
ON [OFF [P| ON | OFF [P | ON | OFF
36
WSFR | 16 12611 64
%2 -
Mot Available
37 125+
WSFL | 16 1530 | 64
%2 :
38
SFWR | 16 |416 | 25 |/ |416| 25 |/ | 839 | 64
*5
30
SFRD 16 | 523 | 25 |« |523| 25 |/ | 802 64
*5
324+ 324+ 77+
16(D) 0.5n 0.5n 1.7n
16(3)
40
zrst [1600) |38 25 |/ |38 25 || 8% | 64
*6 16(T)
16(M) | 51.8+0 51.8+0 89.2+
16(Y) | -&n An 9.4n
a1
bECO | 16 | 656 | 25 |/ | 656 | 25 || 760 | 64
vy
ENGO | 16 | 467 | 25 || 467 | 25 || 818 | 64
43 16 728 | 6.4 7
SUM 32 046 | 6.4
a4 16 782 64 |
BON 32 823 | 6.4
45 16 838+ 6.4
MEAN - 7
Q7 | 32 0+ 6.4
5 Mot Available -
ANS 16 100.8 | 96.2
a7
ANR 16 377 | 64 |/
48 16 150.2| 6.4 7
SaRr 32 1548| 64
29 16 668 | 64 |
FLT 32 668 | 64
50 195+ 195+ 996+
REF*8 | 16 |43n| 29 |¥|43n| 2% |¥|06n | B4 |
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fec

Execution Time In usec
Mnemonic TEﬁz HCAM HCAZ HCAG
ON [OFF [P | ON | OFF [P | ON | OFF
51
REFF | 16 Not Available 853+ 6.4
*9 :
¥
MTR 16 | 226 | 9.8 226 | 9.8 39.1 | 23.6
]
HSCS | 32 | 468 | 45 468 | 4.5 87.8 | 6.4
*10
54
HSCR | 32 | 468 | 45 468 | 4.5 88.6 | 6.4
*10
55
HSZ 32 Not Available 1006 | 6.4
*10
] *1 | 395 | 438 39.5 | 43.8 80.2 | 80.2
SPD _ . _ . . .
57 16 | 826 | 228 82.6 | 22.8 850 | 73.3
PLSY [ 32 [100.6]| 34.9 100.6| 34.9 866 | 75.8
58
PWM 16 | 387 | 426 387 | 42.6 704 | 73.3
59 16 | 916 | 27.8 916 | 27.8 1226| 875
PLSR [ 32 |113.7|416 1137|416 1256 90.5
0 |16 |817| 25| |81.7| 25| |1143| 64
129.2
61 16 | e 6a| 229
iER Mot Available 147+
14 32 oon | 229
56.5+ 56.5+ 91.8+
A2 16 1 63n | 2° 6an | 25| |202n| 64
*11 62.7+ 62.7+ a7.5+
a2 11n 25 11n 2.5 21.5n 6.4
INESD 16 | 60.5 | 52.7 60.5 | 52.7 1105 19.5
B4
16 549 | 44.9
T-g;m Mot Available
sTur | 18 84.4 | 84.4
o8 16 | 218 | 25 218 | 25 50.1 | 6.4
Remp | 16 | 525|448 | |s525|448| |981 816
68
roTc | 18 118.4 | 107.2
B9 Mot Available
SORT | 16 50.5 | 19.5
*15
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Execution Time in usec
Mnemonic 1%’52 HC A1 HCAZ HCAS
ON |0FF|P ON |0FF|P ON | OFF
70 16 972 | 22.2
TKY 32 ) 987 | 222
= T Mot Available 555 5734
HKY az 650 64
72
DSW 16 95.0 | 926 95.0 | 926 g92.2 | 27.4
sggn 16 Not Available 65.0 | 6.4
T4
sEgL | 16 | 845 | 407 845 | 40.7 | |1059| 26.5
75
ARWS | 16 134.4 | 22.1
76
ASC 16 . 495 64
Mot Available
16- 114.8
77 printing 885
PR 16- 88.0 |
ready ‘
87+ 87+ a7+
78 16 | 4g3n | 25 483n | 25 487n | 84
FE?EM qp 102+ o Y 02+ 45 Y oo+ 6.4
973n . 973n . 962n -
85+ 85+ 94+
;g 16 549n 25 , 54720 25 , 557n 6.4
*12 98+ 98+ OR+
a2 1121n 45 1121n 4.5 1099n| 64
Igg 16 | 563 | 9.2 56.3 | 9.2 117.6 | 18.0
48.7 4B6.7 65.6
81 16 |Ton | 25 Ton | 25 170n| 64
PRUN v " "
*13 32 47. 7T+ 30 47.7T+ 3.0 67.0+ 6.4
1.0n : 1.0n : 17.7n :
82 52.8+ 52.8+ 88.2+
ascl | '8 |san| 25 [ |B58n| 2% | |108n| B4 |¥
83 54+ 54+ 89.7+
HEX 16 8.9n 25 |« 8.9n 25 |« 20.0n 6.4 |4
&84 54.3+ 54.3+ 90.5+
ceb 16 450 25 | 450 25 |4 4 8n 6.4 |4
85
VRRD 16 (1427 | 89 |« |142.7| 89 |/ |209.7| 27.3 |/
86
VRSC 16 (1427 8.9 |« |142.7| 8.9 |4 |2024 | 27.3 |/
87 ;g Function Not Available
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Execution Time in usec

Mnemonic 163"?;2 HCA1 HCAE ’ HCAS
ON [OFF[P| ON |[OFF [P| ON | OFF [P
F?lg 16 | 655 | 85 655 | 85 155.0 | 89.0
89 16 7 7 7 ? ? ?
USER 32 7 7 s 7 7 o 7 7 o
110
32 104.4| 64 |«
E::1TP Mot Available
ezep | 32 1245| 64 |«
118
EBCD | 32 1069| 64 |«
119
EBIN 32 813 | 64 |«
Efé’D 32 117.4| 64 |«
177 Mot Available
esug | 32 174 | 64 |«
120
EmuL | 32 96.4 | 6.4 |«
123
EDIV 32 1004 | 64 |«
127
esar | 32 152.1| 6.4 |«
129 16 675 | G4 P
INT 32 704 | 6.4 I
15?3 32 Not Available 1995| 64 |«
131
coS 32 2625| 6.4 |«
132
AR 32 4253| 64 |«
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Execufion Time in usec
Mnemeonic 1%’52 HCA1 HCAZ HCA3
ON [OFF [P | ON [OFF [P| ON [ OFF [P
147 16 , 361 | 6.4
SWAP 35 Mot Available P INER T v
153 32 | 867 | 857 86.7 | 85.7 86.7 | 85.7
ABS a . s . . .
156 16 |107.8| 27.8 16 |107.8
ZRN 732 [1305] 408 32 1305
157 16 | 796 | 22.7 16 | 79.6
PLSV [732 [ 978 | 335 32 | 978
Mot Av
158 16 | 87.7 | 26.8 6 | 877
DRVI 32 |110.6 | 40.7 32 | 1106
159 16 | 806 | 26.8 16 | 896
DRVA 32 |112.7 | 40.7 32 |112.7
160
TCMP % | 526 | 25 |« |528 | 25 |+ |1342| 64 |«
161
17CP 16 | 647 | 25 |« | 647 | 25 |« 1402 64 |/
162
TADD 16 429 | 25 |« | 429 | 25 |4 |[1188| 64 |/
163
TSUB 16 (4209 | 25 |/ | 429 | 25 |/ 1004 64 |/
166 16 | 207 | 25 |« |207 | 25 || 462 | 64 |v
TRD a - . - . '
167
TWR 16 |6335| 25 |/ |6335| 25 |« 1120 64 |«
169 16 | 39.7 | 38.7 30.7 | 38.7 307 | 38.7
HOUR 32 (419 | 406 419 | 40.6 419 | 406
170 16 1025 6.4 P
GRY a2 Mot Available 107.1) 64
171 16 1034 6.4 P
GBIN £V 107.5| 6.4
176 16 |12483| 7.5 |« |12483| 7.5 |« |12483| 75 |«
RD3A : : : : - :
177
WR3A 16 12637 | 7.5 | |126837| 7.5 |4 |12637| 7.5
224230 | 16 | 27.6 - 276 - 1.52
LD 32 | 282 | - 782 | - 184
292938 16 [ 27.6 - 276 - 1.562
ANDO 32 | 282 | - 282 | - 1.84
240246 | 16 | 27.6 - 276 - 1.52
ORO 32 | 282 | - 782 | - 184
*]:

* These instructions require NO preliminary contact devices such as LD, AND, OR etc.
*2:

* Where“n”is referred to this identifies the quantity of registers to be manipulated. “n”can
be equal or less than 512.
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*3:

* Where“n”is referred to this identifies the quantity of bit devices to be manipulated.
“n”can be equal or less than selected operating mode, i.e. if 32 bit mode is selected

then“n”can have a value equal or less than 32.

*4:

* Where "n" is referred to this identifies the quantity of bit devices to be manipulated.

When an HCA2 PLC is used "n" can be equal or less than 1536. However, when an

controller is used "n" can be equal or less than 512.

*5:

* Where "n" is referred to this identifies the quantity devices to be manipulated. "n" can

have any value taken from the range 2 through 512.

*6:

* Where "n" is referred to this identifies the range of devices to be reset. The device type

being reset is identified by the device letter in brackets in the '16/32 bit' column.

*7:

* Where "n" is referred to this identifies the number of devices the mean is to be

calculated from. The value of "n" can be taken from the range 1 through 64.

*8:

* Where "n" is referred to this identifies the range of devices to be refreshed. The value of

"n" is always specified in units of 8, i.e 8, 16, 24.....128. The maximum allowable range is

dependent on the number of available inputs/outputs.

*9:

* Where "n" is referred to this identifies the time setting for the input filters operation. "n"

can be selected from the range 0 through to 60 msec.

*10:

* There are limits to the total combined use of these instructions. For and HCA2there
should be no more than 4 simultaneously active instructions. However, can have 6
simultaneously active instructions.

*11.

* Where "n" is referred to this identifies the number of output points. "n" may have a value
equal or less than 64.

*12:

* Where "n" is referred to this identifies the number of words read or written FROM/TO
the special function blocks.

*13:

* Where "n" is referred to this identifies the number of octal (8 bit) words read or written
when two HC PLC’s are involved in a parallel running function.

*14:

* Where "n" is referred to this identifies the number of elements in a stack, for 16 bit
operation n has a maximum of 256. However, for 32 bit operation n has a maximum of
128.

*15:
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* Where "m1" is referred to this identifies the number of elements in the data table. Values
of m1 are taken from the range 1 to 32. For a the SORT instruction to completely process
the data table the SORT instruction will be processed m1 times.

7.2 Hierarchical Relationships Of Basic Program Instructions

The following table identifies an ‘inclusive relationship'.
This means the secondary program construction is
included within the complete operating boundaries of the
primary program construction, e.g.:

Primary Secondary program construction
Program FOR - STL - FEND -
Const?uction MC-MCR| CJ-P El - DI NEXT RET P -SRET| | -IRET END
v -8
MC - MCR nest v v J v X -(6608) |Xx -(6608)|x -(6608)
levels
CJ-P v v v v [ ] ® X -(6701)
El - DI v v v J v v J D
v -5
FOR - NEXT | x -(6607) v v nest X - (6607) | x - (6607)|Xx - (6607)|X - (BB0T)
levels
7 -
STL -RET |x -(6605) [ ] v (within 1 v X -(6605)|Xx -(6605)|Xx -(6605)
STL step)
P -SRET X -(6606) v v "y X - (6606)| x -(6606)|X - (6606)|Xx -(6709)
|-IRET X - (6606) v 4 "y X - (6606)| x -(6606)|X - (6606)|Xx -(6606)
FEND - END v v v [ ] v 2
0 - FEND v v v X -(6606) |Xx - (6606) 2
0 - END v v v v X -(6606) |x - (6606) g2
(no FEND)

v Instruction combination is acceptable - for restrictions see appropriate note.

X. Instruction combination is not allowed - bracketed number is the error code.

operational error.

The combination of instructions with an ‘inclusive relationship' is allowable. However
please be aware of the following exceptions:

1) MC-MCR and STL-RET constructions cannot be used within FOR-NEXT loops,
P-SRET or I-IRET subroutines.

2) Program flow may not be discontinued by using any of the following methods while
inside MC-MCR, FOR-NEXT, P-SRET, I-IRET program constructions, i.e. using interrupts
(), IRET, SRET, FEND or the END instruction is not

allowed.

Instruction combination is not recommended for use even though there is no
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The following table identifies an 'overlapping relationship'. This means the secondary

program

construction starts within the complete operating boundaries of the primary program

construction but finishes outside of the primary construction, e.g.:

Primary Secondary program construction
Program FOR - STL - FEND -
Const?uction MC-MCR| CJ-P El - DI NEXT RET P -SRET| I -IRET END
MC - MCR L L] v X -(6607)|x -(6605)|Xx -(6606) X -(6606) X -(6608)
CJ-P L ] L] v o L [ ] L v
El - DI + v v v v v v v
FOR - NEXT |x - (6607) M v /- |x -(6601)|x -(6607)|x - (6607) | X - (6607)
STL-RET |x -(6605) L] v X -(6607) v X - (6606) | x -(6606)|Xx - (6605)
P-SRET |x -(6608) ® v X -(6607)| x - (6605)|x - (6606)| x - (6606) | x - (6709)
I-IRET | X - (6606) ® 7 X -(6607)|X - (6606)|X - (6606)|X - (6606)| X - (66086)
FEND -END [x - (6608)|x - (6601)] <@ |x -(6607)|x - (6605)[x -(6700)|x - (6709)] <2
0-FEND |x - (6608) s v X - (6607) | X - (6605)| X - (6709) | X - (6606) 3z
(nc:'.a-l-FENNDD] X -(6608)|Xx - (6601) I X -(6607)|x -(6605)|x -(6709)|x -(6606) Sz

O:QDEnters a state as if the DI instruction was missing. An error is not generated.

@The first occurrence of either an FEND or the END instruction takes priority. This
would then end the program scan prematurely.
(3The sequence will not process as expected, e.g.:

Desired
FOR

FOR
NEXT

NEXT

Actual

FOR

Operating
boundries

FOR
NEXT

NEXT

7.3 Batch Processing

This is the system used by all members of the HC family of PLC’s. The basic concept is
that there are three stages to any program scan. In other words, every time the program is
processed form start to end the following sequence of events occurs:
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Input processing:

All of the current input statuses are read in to a

. temporary memory area; sometimes called an image
—_:> Input Processing )
memory. The PLC is now ready for the next

ﬂ program processing.......

Program processing:

[ Program Processing W All of the updated inputs are checked as the program
is processed. If the new input statuses change the

@ status of driven outputs, then these are

noted in the image memory for the......

Output processing:

The new, current statuses of the outputs which have

just be processed are physically updated, i.e relays are turned ON or OFF as required.

The

program scan starts again............ The system is known as 'Batch processing' because all

of the inputs, program operation and finally the outputs are processed as batches.

;L Output Processing }

7.4 Summary of Device Memory Allocations

The memory allocations of the programmable are very complex, but from a users point of
view there are three main areas:

a) The Program Memory:

This memory area holds all of the data regarding: parameters, sequence program,
constant values K and H, pointer information for P and | devices, nest level information,
file register contents/allocations and also the program comment area.

- This memory area is latched either by battery backup or by use of EEPROM program
management (dependent on the PLC being used). Any data stored in this area is kept
even when the PLC is powered down. The duration and reliability of the data storage is
dependent upon the condition of the battery or EEPROM being used to perform the
backup process.

b) Data Memory

This memory area contains, as the title suggests, all of the data values associated with:
data registers (normal and special), Index registers, current timer values, retentive timer
values (if available) and current counter values.

- All of the devices which are designated as being latched (including retentive timers) are
backed up in a similar method to the one mentioned under point a).

- Index registers and special data registers (D8000 to D8255) operate in the specified
manner under the following circumstances.
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Circumstance

Reaction

PLC's power is turned OFF

All data is cleared

PLC's power is turned ON

Certain devices are reset to their defaults see chapter 6

PLC is switched from STOP to RUN

PLC is switched from RUN to STOP

Certain devices are reset to their defaults see chapter 6

- All other devices such as current values of non latched data registers, timers and
counters behave in the following manner.

Circumstance

Reaction

PLC's power is turned OFF

PLC's power is turned ON

All data is cleared

PLC is switched from STOP to RUN

No change

PLC is switched from RUN to STOP

Cleared (unless special M coil M8033 is active)

c) Bit Memory

This memory area contains the contact status of all inputs, outputs, auxiliary relays, state

coils, timers and counters.

- All of the devices which are designated as being latched (including retentive timers) are
backed up in a similar method to the one mentioned under point a).
- Special auxiliary relays (M8000 to M8255) act in a similar way to the special data

registers mentioned under point b).

- All other devices are subject to the same changes as the current values of data registers,
timers and counter (see the last point and table under section b).

Summary
Memory tvpe Power PLC
— OFF OFF » ON | STOP > RUN | RUN »STOP
All devices backed by battery Not changed
Special M and D devices (8000 to
8255) and index registers V and Z Cleared Default Not changed
. Not changed |  Cleared
All other devices Cleared Not changed when M8033 is set
7.5 Limits Of Instruction Usage

7.5.1 Instructions Which Can Only Be Used Once In The Main Program Area

The following instructions can only be used once in the main program area. For PLC
applicability please check either the detailed explanations of the instructions or the
instruction execution tables list earlier.

..: Instructions which can only be used once are:

FNC 52 MTR FNC 60 IST

FNC 57 PLSY FNC 61 SORT

FNC 70 TKY
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FNC 58 PWM FNC 62 ABSD FNC 72 DSW
FNC 59 PLSR FNC 63 INCD FNC 74 SEGL
FNC 68 ROTC FNC 75 ARWS

- Only one of either FNC 57 PLSY or FNC 59 PLSR can be programmed at once.

Both instructions can not be present in the same active program.
7.5.2 Instructions Which Are Not Suitable

For Use With 110V AC Input Units

When using 110V AC input units certain operations, functions and instructions are not
recommended for use due to long energize/de-energize (ON/OFF) times of the 110V input
devices.

* Program operations not recommended for use are:

- Interrupt routines

- High speed counters

* Instructions not recommended for use are:

FNC 51 REFF FNC 68 ROTC FNC 72 DSW
FNC 52 MTR FNC 70 TKY FNC 75 ARWS
FNC 56 SPD FNC 71 HKY

8. PLC Device Tables

8.1 Performance Specification Of The

Item Specification Remarks

Operation control method Cyclic operation by stored program

I/O control method Batch processing method (when I/O refresh instruction is available

END instruction is executed

Operation processing time | Basic instructions: 0.55 to 0.7us
Applied instructions: 1.65 to several 100us

Programming language Relay symbolic language + step Step ladder can be used to
ladder produce an

SFC style program

Program capacity 2K steps Provided by built in EEPROM
memory
Number of instructions Basic sequence instructions: 29 A Maximum 116 applied
Step ladder instructions: 2 instructions
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Applied instructions: 85

are available including all

variations

I/O configuration

Max total I/O set by Main Processing Unit

Auxiliary General 384 points MO to M383
relay(M Latched 128 points (subset) M384 to M511
coils) Special 256 points From the range M8000 to M8255
State General 128 points S0 to S127
relays Initial 10 points (subset) SO0 to S9
(S coils)
Timers (T) | 100 msec Range: 0 to 3,276.7 sec 63 points TO to T55
10 msec Range: 0 to 327.67 sec 31 points T32 to T62 when special M coil
M8028 is driven ON
1msec Range: 0.001 to 32.767 sec 1point T63
Counters General Range: 1 to 32,767 counts 16 points COto C15
© Type: 16 bit up counter
Latched 16 points(subset) Cl6to C31
Type: 16 bit up counter
High 1lphase Range: -2,147,483,648 to C235 to C240 (note C235 is
speed +2,147,483,647 counts latched) 6points
counters 1phase c/w C241(latched), C242 and C244
©) start stop (latched) 3 points
input
2phase C246, C247 and C249 (all
latched) 3 points
A/B phase C251, C252 and C254 (all
latched) 3
points
Data General 128 points DO to D127
registers Type:16 bit data storage register
(D) pair for 32 bit device
Latched 128 points (subset) D128 to D255
Type:16 bit data storage register
pair for 32 bit device
Externally Range: 0 to 255 2 points D8013 or D8030 & D8031
adjusted Data is entered indirectly through
the external setting potentiometer
Special 256 points (inclusive of D8013) From the range D8000 to D8255
Type: 16 bit data storage register
Index 16 points VandZ
Type: 16 bit data storage register
Pointers For use with | 64 points PO to P63
P) CALL
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For use with | 6 points 100to 1300
interrupts (rising triggerJ=1,
falling trigger(J=0)
Nest levels 8 points for use with MC and MCR NO to N7
Constants | Decimal K 16 bit: -32,768 to +32,767
32 bit: -2,147,483,648 to +2,147,483,647
Hexadecimal | 16 bit: 0000 to FFFF
H 32 bit: 00000000 to FFFFFFFF

8.2 Performance Specification Of The HCA2

Item

Specification

Remarks

Operation control method

Cyclic operation by stored program

I/O control method

Batch processing method
(when END

instruction is executed)

I/O refresh instruction is available

Operation processing

time

Basic instructions: 0.55 to 0.7us

Applied instructions: 1.65 to seve

ral 100ps

Programming language

Relay symbolic language + step
ladder

Step ladder can be used to produce an

SFC style program

Program capacity

8K steps

Provided by built in EEPROM memory

Number of instructions

Basic sequence instructions: 29
Step ladder instructions: 2

Applied instructions: 89

A Maximum 120 applied instructions

are available including all variations

I/O configuration

Max hardware I/O configuration p

oints 128, dependent on user selection
(Max. software addressable Inputs 128, Outputs 128)

Auxiliary Genera 384 points MO to M383
relay Latched 1152 points (subset) M384 to M1535
(M coils) Special 256 points From the range M8000 to M8255
State Latched 1000 points SO to S999
relays Initial 10 points (subset) SO0to S9
(S coils)
Timers (T) | 100 msec Range: 0 to 3,276.7 sec 200 TO to T199
points
10 msec Range: 0 to 327.67 sec 46 T200 to T245
points
1msec Range: 0 to 32.767 sec 4point | T246 to T249
100 msec Range: 0 to 3,276.7 sec 6 T250 to T255
retentive points
Counters General Range: 1 to 32,767 counts 16 COto C15 Type: 16 bit up counter

©)

points
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Latched 184 points (subset) C16toC199 Type: 16 bit up counter
General Range: 1to 32,767 counts 20 | C200to C219 Type: 32 hit
points bi-directional counter
Latched 15 points (subset) C220 to C234 Type: 32 bit bi-directional
counter
High lphase Range: -2,147,483,648 to C235to0 C240 6points
speed 1phase c/w +2,147,483,647 counts C241, C242 and C244 3points
counters start stop Select upto four 1 phase
©) input counters with a combined
2phase counting frequency of 5SkHz or | C246, C247 and C249 3points
A/B phase | less. Alternatively selectone 2 | C251, C252 and C254 3points
phase or A/B phase counter
with a counting frequency of
2kHz or less. Note all counters
are latched
Data General 7128 points DO to D127 & D1000 to D7999
registers Type: 16 bit data storage register pair for
(D) 32 bit device
Latched 872 points (subset) D128 to D999
Type: 16 bit data storage register pair for
32 bit device
File 7000 points D1000 to D6999 set by parameter in 3
blocks of 500 program steps
Type: 16 bit data storage register
Externally Range: 0 to 255 Data is move from external setting
adjusted 2 points potentiometers to registers D8030 and
D8031)
Special 256 points (inclusive of D8013, From the range D8000 to D8255
D8030 Type: 16 bit data storage register
and D8031)
Index 16 points Vandz
Type: 16 bit data storage register
Pointers For use 128 points PO to P127
(P) with CALL
For use with | 6 points 100to 1300
interrupts (rising triggerJ=1,
falling trigger[J=0)
Nest levels 8 points for use with MC and NO to N7
MCR
Constants | Decimal K 16 bit: -32,768 to +32,767
32 bit: -2,147,483,648 to +2,147,483,647
Hexadecimal | 16 bit: 0000 to FFFF
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H

‘ 32 bit: 00000000 to FFFFFFFF

8.3 Performance Specification Of The

PLC’s

Item

Specification ‘

Remarks

Operation control method

Cyclic operation by stored program

I/O control method

Batch processing method
(when END

instruction is executed)

I/O refresh instruction is available

Operation processing

time

Basic instructions: 0.08us

Applied instructions: 1.52 to several 100us

Programming language

Relay symbolic language + step
ladder

Step ladder can be used to produce an

SFC style program

Program capacity

8000 steps built in

Expandable to 16000 steps using
additional memory cassette

Number of instructions

Basic sequence instructions: 20
Step ladder instructions: 2

Applied instructions: 125

A Maximum 125 applied instructions are

available

I/O configuration

Max hardware I/O configuration p

(Max. software addressable Input

oints 255, dependent on user selection
s 255, Outputs 255

Auxiliary General 3072 points MO to M3071
relay Latched 2572 points (subset) M500 to M3071
(M coils) | Special 256 points From the range M8000 to M8255
State General 1000 points S0 to S999
relays Latched 500 points (subset) S500 to S999
(S coils) Initial 10 points (subset) SO0 to S9
Annunciator | 100 points S900 to S999
Timers (T) | 100 msec Range: 0 to 3,276.7 sec 200 TO to T199
points
10 msec Range: 0 to 327.67 sec 46 T200 to T245
points
1 msec Range: 0to 32.767 sec 4 T246 to T249
retentive points
100 msec Range: 0to 3,276.7 sec 6 T250 to T255
retentive points
Counters General 16 Range: 1 to 32,767 counts COto C199
© bit 200 points Type: 16 bit up counter
Latched 100 points (subset C100to C199
16 bit Type: 16 bit up counter
General Range: -2,147,483,648 to C200to C234
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32 bit 2,147,483,647 35 points Type: 32 bit up/down counter
Latched 15 points (subset) C219to C234
32 bit Type: 16 bit up/down counter
High 1 phase Range: -2,147,483,648 to C235to C240 6 points
speed 1 phase +2,147,483,647 counts C241 to C245 5 points
counters clw start General rule: Select counter
© stop input combinations with a combined
2 phase counting frequency of 20kHz or | C246 to C250 5 points
A/B phase less. C251to C255 5 points
Note all counters are latched
Data General 8000 points Type: 16 bit data storage register pair for
registers 32 bit device
(D) Latched 7800 points (subset) D200 to D7999
Type: 16 bit data storage register pair for
32 bit device
File 7000 points D1000 to D7999 set by parameter in 14
registers blocks of 500 program steps
Type: 16 bit data storage register
Special 256 points From the range D8000 to D8255
Type: 16 bit data storage register
Index 16 points VO to V7 and Z0 to Z7
Type: 16 bit data storage register
Pointers For use 128 points PO to P127
(P) with CALL
For use with | 6 input points, 3 timers, 6 10000to 150 00and 165k Ysto 18 ¥ ¥
interrupts counters (rising triggerd [1=1, falling trigger]
0=0,
YcYe=time in msec)
Nest levels 8 points for use with MC and NO to N7
MCR
Numbers | Decimal K 16 bit: -32,768 to +32,767
32 bit: -2,147,483,648 to +2,147,483,647
Hexadecimal | 16 bit: 0000 to FFFF
H 32 bit: 00000000 to FFFFFFFF
Floating 32 bit: 0, +1.175 x 10", +3.403 x 10%
Point (Not directly enterable)
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9. Assigning System Devices

9.1 Addressing Extension Modules

Most of the HC family of PLC’s have the ability to connect additional discreet I/O and/or
special function modules. To benefit from these additional units the user must address
each block independently.

Addressing Additional Discrete I/O

This type of I/O is the standard input and output modules. As each extension block or
powered extension unit is added to the system they assume the next available addresses.
Hence, the units closest to the base unit will have the lowest I/O numbers or addresses.
I/O numbers are always counted in octal. This means from 0 to 7 and 10 to 17 etc. Within
a users program the additional addresses are used as normal. Discreet I/O can be added
at the users discretion as long as

the rules of system configuration for each PLC type are obeyed. This information can be
found in the appropriate hardware manual. For easy use and identification, each
additional I/O unit should be labeled with the appropriate I/O numbers using the provided
number labels.

:Caution when using an system with 8ER, 24MR units

* When an 8ER or an 24MR are used an additional 8 points (as 4 inputs, 4 outputs) of /O
must be allowed for. This is because both units split blocks of 8 inputs and 8 outputs to
obtain a physical 4 input/ 4 output configuration. Hence, an 8ER unit actually occupies 8
input points and 8 output points even though there are only 4 physical inputs and 4
physical outputs.

Addressing Special Function Blocks

Special function blocks are allocated a logical‘station/block number’ from 0 to 7. This is
used by the FROM/TO instructions to directly access each independent special function
module.

The lower the‘station/block number’ is, the closer to the base unit it can be found. Special
function blocks can be added at the users discretion but the rules of configuration for each
type of PLC must be obeyed at all times. The configuration notes can be found in the
appropriate hardware manual for each programmable controller.

9.2 Real Time Clock Function
The time data of a RTC cassette or chip (builtinto and HCA2) is battery backed. This

means when the PLC is turned OFF the time data and settings are not lost or corrupted.
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The duration or storage life of the timedatails dependent upon the condition of the battery.
The real time clock has a worst case accuracy of £ 45 seconds per month at an ambient
temperature of 25°C. The calendar function of the RTC caters for leap years during the
period 1980 through 2079.

9.2.1 Setting the real time clock

The RTC can be set using the special data registers and control flags as follows:

2I0EE Comments
Number
Set ON to stop the clock.
M8015 When the clock is stopped the
Time time values can be reset.
Device - setting The clock restarts when the flag
Number | Fumction Range is reset to OFF.
D8013 Seconds |0 to59 The clock data in the data regis-
M8016 ) .
D8014 Minutes |10 to 59 Register ters is held. The clock still runs.
Hold Use this to pause the data to
D8015 Hours 0to23 read the current time.
D8016 Date 1 to 31 (correct for M§017 When on rounds the time up or
t Month) Minute .
curren . down to the nearest minute.
Rounding
D8017 Month 1to12 MB018
Clock Automatically set to indicate the
00 to 99 (1980 to ; i
D8018 Year 2079) Available RTC is available.
M8019
58019 Dayof |0to6 (SundaytoSat-|| Setting ON when the values for the RTC
Week |urday Error are out of range.

These devices are used as shown in the program on the right.
Note:The has special instructions that simplify the setting and use of the RTC.
See section 5.14 for more detalils.
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The clock stops when X0 is ON.
The new values are set when X0 tums OFF.
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X1 is used to reset the clock
to the nearest minute.

9.3 Analog Expansion Boards

The HCA2 expansion boards can be installed on the /1N Series PLCs to provide extra
analog I/0O channels. Please see the respective expansion board User’s Manual for more
information on configuration and hardware specifications.

The expansion boards are not equipped with a Gain/Offset setting so that these values
must be calculated in the PLC ladder program. Example programs are provided below.

9.3.1 HCA2-1DA-BD

This expansion board is used to convert a digital value in the range of 0 ~ 4000 that is
stored in D8114 to an analog output value. The analog output can be in the Voltage range
of 0-10 Volts DC or 4-20mA.

Voltage Output Mode
The following program example sets the Voltage Output mode. A digital value in DO is
converted to the analog equivalent for output.

M8001
{l M8114 Sets the Voltatge Output maode (0 to 10V default).
MB000 FNC 12 The value of DO is converted "D to A" and is
{f Do D8114
MOV output as an analog value.

Current Output Mode

The following program example sets the Current Output mode. A digital value in DO is
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converted to the analog equivalent for output.

M8000
{} M8114 Sets the Current Output mode (4 to 20mA default).

FNC 12 D2 D8114 The value of D2 is converted "D to A" and is
MOV output as an analog value.

Example Application Programs

The user can use any digital value range that is convenient in the program but must
convert the value to the 0 ~ 4000 range before the correct analog value can be output. In
the same way, the analog outputs can be modified via PLC programming to give outputs
within a certain range. Please note that outputs outside the given range are not possible.
The Please see programming examples below.

Example Application Program #1
Output an analog value in the range of 0 to 10 Volts when the digital value in the user
program is 0 ~ 10000.

M8001
il Ma112

Ch1 is set for the voltage input (0 to 10V).

Ch2 is set for the current input (4 to 20mA).

MB000
It M8113

The digital value gained through AD

MBI?“D FNC12| pg112 | pg LI conversion of Chlis stored at DO.
MOV
Frﬂg‘:’z pe113 | pz | The digital value gained through AD
conversion of Ch2 is stored at D2

DO ranges from 0 ~10000. To convert DO to the 0 ~ 4000 value needed for D8114:
D8114 = [D0 x 4000] / 10000 or [D x 2] /5
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M8001
——it M8114
M8000

FNC 22
—t MUL K2 DO D2

FNC 23

D2 K5 D4
DIV
FNC 12
OV D4 | D8114

Example Application Program #2
An output of 0 ~ A[ 0 < A< 10] is desired in the program that is using a digital range of
0~4000 that is stored in register D10.

A

Digital value
(D8114) for practical
analog output

0

0

U — 10V
| Analog A
| output value
. )

4000

Digital value (D10) for output

00— A

Because Ais smaller than 10 Volts, the digital value of 0~4000 must be converted to a

value of 0~A’ as shown in the graphs above. 4000/10V = A/Aor A

A

[4000/10] x A= 400

D8114 = [A] x (D10 / 4000) = [400 x A] x [D10 / 4000) = (Ax D10) / 10.

IfA=8

M8001
it Me114
M8000
FNC 22
— MUL ‘ K8 ‘ D10 ‘ D12 ‘
FNC 23
D12 K10 D14
Bl piv
FNC 12
D14 | D8114
MoV ‘

Example Application Program #3
The desired analog output is from values Ato B where 0 < A< B < 10 and the digital

values range from 0 ~

B

T

A

Digital value
(D8114) for practical
analog output

0

4000 in D20.

e

Analog
! output value

P——>0D

...............................

Digital value (D8114) for output

X

i
-+

0

Digital value (D20) for output
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This example is equivalent to setting an offset and gain for the analog output.
The digital values must be converted to A’ and B’ per the graphs above.
[B-A)/[10-0]=[B’ -A’]/ [4000 - 0], therefore [B’ -A] = [B - A] x 400.

D8114 = [B’' -A] x (D20 / 4000) + A

B’ =400 x B and A’ = 400 x A (see previous example programs for calculation)
D8114 =[400 x (B - A)/4000] x D20 + (400 x A)

D8114 = [(B-A)/10] x D20 + (400 x A)

If A= 2 and B = 5, see the programming example below

M800
—t M8114

M8000
FNC 22
1 K3 D20 D22
MUL

FNC 23
DIN D22 K10 D24

FNC 20
— D24 | K8DO | D26
B ADD

FNC 12
— D26 | D8114
MOV

Example Application Program #4

In Voltage Output Mode, a digital range of values A~ B is used in the program for an
analog output of 0 ~ 10 Volts. The digital range of A ~ B stored in D30 must be converted
to 0 ~ 4000 before the correct analog value can be output.

T4 00 i NV ey
Digital value Analog
(D8114) for practical ; output ;
analog output | value i
0 ‘ 0 ‘
0 A— - B 0 4000
Digital value (D30) for output Digital value (D8114) for output

[(4000 - 0) / (B-A)] = D8114 / (D30 - A)

D8114 =[4000 x D30/ (B - A)] - [(4000 xA) / (B - A)]
If A= 500 and B = 5500, then

D8114 = (4/5) X D30 — 400
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MB001
—t MB114

MB000
FNC 22
—— — K4 D30 D32
e e [ oo | o= |

FNC 23
D32 K5 D34
e 0@ [ re [ o]

FNC 21
2S21| oae | koo | pos |

POV

FNC12| D38 |EB114‘

Example Application Program #5

If using a digital range of C ~ D in the program to output an analog value of A~ B, the
digital value must be converted to the 0 ~ 4000 equivalent and the analog value must be
converted to 0 ~ 10 Volt equivalent.

Digital Values for conversion to analog are stored in D8114

4000 10V :
< e — , B | 5

Digital value |
(D8114) for practical | Analog T E
analog output A b | output value i
0 : i 0 .

0 C——D 0 A—>B 400

Digital value (D40) for output Digital value (D8114) for output

Please see prior programming examples for sample equations for the conversion of data
ranges.

D8114 = [(B’-A)xD40)/(D-C)+[(A xD)-(B’ xC)/(D-C)

D8114 = [(400 x B - 400 x A) x D20]/ (D-C) + [(400 xAx D) - (400 x B x C)]/ (D - C) (from
prior

examples A =400 xAand B’ =400 xB
D8114=[400x(B-A)]/(D-C)+400x[(AxD)-(BxC)])/(D-C)

If A=1, B =5.5, C = 1000, and D = 5500, then

D8114=(2xD40)/5

MB001
o i

—{NC2| o | pyp | Da2

ENC 23
- D42 K5 D44
DIV

L_{FNC12| Dby | pe114

Example Application Program #6
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In the Current Output Mode, the 1DA converts values from 0 ~ 2000 to the analog output
of 4 ~ 20 mA. If using a digital range of 0 ~ 20000 in the program, the range must be
converted to 0 ~ 2000 as shown in the programming example below. Digital values for
conversion to analog are stored in D8114.

2000 g-----mmmmmmmmmmm e e 20mMA, g--- - ;
Digital value i Analog E
(DB114) for practical i output value i
analog output | 4mA :
0 + 0 +
0 20000 0 2000
Digital value (D50) for output Digital value (D8114) for output

D8114 = [(2000 - 0) x D50] / (20000 - 0)
D8114 = D50 / 10

MB000
il MB114

FNC 23
BV K50 K10 D52

FNC 12
D52 | D8114
MOV

Example Application Program #7
In Current Output Mode, a user wants to use a range of 0 ~ Ain the program to output the
analog current of 4 ~ 20mA. The user range 0 ~ Astored in D60 must be converted to the
range of 0 ~ 2000 as shown below.

Digital value Analog
(D8114) for practical | output value |
analog output | 4mA |
0 ‘ 0 ‘
0 A 0 2000
Digital value (D60) for output Digital value (D8114) for output

D8114 = [(2000 -0) x D60] / (A - 0)
D8114 = (2000 x D60) / A, if A= 10000
D8114 = D60 /5
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MB000
1 nMa114

FNC22|  » D60 DE2

FNC 23
D82 K10 D64
E Div

FNC12| ps4 | DB114

Example Application Program #8

In Current Output mode, the user digital range of A~ B is used to output a current of 4 - 20
mA. The range of A~ B stored in D70 must be converted to a range of 0 ~ 2000 per the
example program below.

2000 ¢---------------72
!
Digital value
(D8114) for practical !
analog output I
0 )
0 A——=B 0 2000
Digital value (D70) for output Digital value (D8114) for output

D8114/(D70 - A) = (2000 - 0)/ (B - A)

D8114 = {[(2000 - 0) x D70] / (B - A)} - {[(2000 -0) x A] / (B - A)}

If A= 4000 and B = 20000, then [(2000 x D70 /(20000 - 4000)] - [2000 x 4000 / (20000 -
4000)]

D8114=(D70/8)-500

d MB114

FNC23| p7p K8 D72

FNC 21
D72 | K500 | D74
EsuBs

FNC12| 74 | p8114

Example Application Program #9

In Current Output mode, a current in the range of A~ B (4mA< A< B <20 mA) is output
by using a digital range of C ~ D that is stored in D80. The current range A~ B must be
converted to the 4 ~ 20mA equivalent value and the digital range C ~ D must be converted
to the 0 ~ 2000 range equivalent value.
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=
=

2000 .
Bt - 5
! T
| ! |
Digital value T i | i
(D8114) for practical g ! |
analog output . | ! !
A | ! |

i i

0 ! i

> c—  .p 0 A s 200

Digital value (D80) for output Digital value (D8114) for output
Please see previous programming examples for sample range conversion calculations.
D8114 = (B’ -A')xD80/(D-C)+{(A' xD)-(B’ xC)}/(D-C)
A =125xA-500,B =125 xB - 500,
D8114 = [(125 x B - 500) - (125 x A- 500)] x D80 / (D - C) +[(125 x A- 500) x D - (125 x B
-500) x C]/ (D - C)
If A=5, B =15, C =5000, and D = 15000
=[125 x (15 - 5)] x D80 / (15000 - 5000) + 125 x [(5-4) x 15000 - (15-4) x 5000]/ (15000 -
5000)
D8114=(D80/8)-500

MB000
1} MB114

FNC23  pg K8 D&

FNC 20
D2 | K500 | Ded
B ADD

FNC12l pgq | D8114

9.3.2 TX1IN-2AD-BD

This expansion board is used to convert up to two channels of analog input into digital
values for use by the /1N Series PLCs. Voltage input (0 ~ 10 Volts) or Current input (4 to
20 mA) for analog to digital conversion can be set by switching the auxiliary relays
assigned to each channel. The output values can be adjusted after the conversion via
PLC program code but resolution cannot be improved.

Basic Program #1

The following program sets Channel 1 in the Voltage Input mode and Channel 2 in the
Current Input mode with the A/D converted digital value of each channel stored in DO and
D2 respectively.

M8001 _ _
It Me112 Ch1 is set for the voltage input (0 to 10V).

(eri2)]
ME000 Q

't M8113 Ch2 is set for the current input (4 to
20mA).

M8000
It FNC 12
It MOV D8112 DO

FNC 12
D8113 Dz H
MOV
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The digital value gained through AD conversion of Chl is stored at DO.

The digital value gained through AD conversion of Ch2 is stored at D2.

Basic Program #2

Ch1l is set to Current input, Ch2 is set to Voltage input, and the average converted digital

value over a set time period is stored in D10 and D14.

W30 00
3— | C HB113 )
Ha000
B— | [ZRST 00 017 ]
MMOVP  DB112 D10 ]
MMOVP  D8113 D14 J
[MEIV Do Do ]
[ AR E] D2 ]
[DADD D D4 D4 ]
[DADD D2 08 [ ]
[inc D6 ]
81| D6 K10 ———————— | 1)) D4 b8 D10 ]
L D3 b8 D14 ]
[ZRST D4 b3 7
97 [ EWD ]

Basic Program 3

Chl is set to Current input, Ch2 is set to Voltage input, and the average converted digital

value over a set time period is stored in D30 and D34, respectively.
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u%
]

2 f
S—HBF:DD [ZRSTP D20
WOvP 08112
[MOve  pel13
[y Da112
THOY 08113
{DEDD D20 D24 D24
meoD D22 DZE D26
(e
Bu—Jrf“r (T
64 H]‘, [DD]'I.I' D24 L] o230
{ioIv D2k D28 Da4
[ZRST 024
a7

C oz
C M )
087 1
il 1
D 1
D 1
D22 7

]

]
02 1
(§ 3

]

L
02 1
[ oo ]

Example Application Programs

Because the 2AD does not have Offset and Gain capabilities, if values are required

outside the standard specification range, additional program commands are required to
either multiply or divide the conversion values.
When adjusting the conversion values, some of the resolution will be lost. The original
range of the analog input does not change.

Example Application Program #1
In Voltage input mode, the 2AD converts analog values from 0 ~ 10 Volts to a digital output
of 0 ~ 4000. If using a digital range of 0 ~ 10000 in the program, the 0 ~ 4000 output value
must be converted as shown in the programming example below. Digital values that are

converted from analog values are stored in D8112 or D8113.

Digital output
(D8112, D8113)

&

0———=10v

Analog input

Digital value {D10)
used in the program

10000

0

0

4000

D8&112 or D8113 original AD conversion value

D10 =10 x D8112 /4, (D8113 would be used for Ch2)
The programming code for the Equation above is given below.
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Ma001
it M8112

M&000
FNC 22
— MUL K10 | D8112 | D14

ENC 23| pqgq K4 D10
DIV

Example Application Program #2
In Voltage input mode, the 2AD converts analog values from 0 ~ 10 Volts to a digital output
of 0 ~ 4000. If using an analog range of 0 ~ A (where 0 < A< 10) by a digital output range
of 0 ~ 4000, the range must be converted from 0 ~A’ to 0 ~ 4000 as shown in the
programming code below.

4000 g----mrmmmmeemmmneee, ; 4000 §------r==emmmmmmneee,

Digital AD A
conversion '
value

(D8112,08113)

! Digital value (D20) E
! used on the program |

0 i 0
0—— A 10V 0— S A 4000

Analog input D&112 and D8113 original AD conversion value
If a digital value of 0 ~ 4000 is used in D20,
D20 = (4000) x (D8112 or D8113) / A
4000/ (10 volts) = A’/ (A volts), therefore A = 400 x A
D20 = 4000 x (D8112 or D8113) / 400 x A
D20=10x(D81120rD8113)/AandifA=5
D20 =2 x (D8112 or D8113)

MBDD1
It MB112

MB000

FNC22| o | ps112| Deo
MUL

Example Application Program #3
If using an analog range from A~ B by a digital range of 0 ~ 4000, the range must be
converted from A ~B’ 0 ~ 4000 in the program as shown in the example below.

T o1 e — 4000 +
B p—————e ! E
[
T I Digital value (D30)
o [ used in the program
- | i
| ' i
| | i
| i | i
0 . L " 0 -
0 A ——= B 10V 0 A——=p' 4000

Analoa inout DB112 or D8113 original AD conversion value
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If the digital range 0 ~ 4000 is desired in D30, please see the program below.

D30 = 4000 x (D8112 or D8113) / (B’ -A')-4000xA /(B -A)

A =400xA,B’ = 400 x B so that

D30 =[4000 x (D8112 or D8113) / (400 x B - 400 x A)] - 4000 x (400 x A) / (400 x B - 400 x
A)

D30 =[10 x (D8112 or D8113) / (B - A)] - 4000 xA/ (B - A)

IfA=1andB=5

D30 =[5 x (D8112 or D8113) / 2] — 1000

1t MB112

FNC22| w5 | ps112 | Da2

FNC23| pao K2 D34
EDiv

FNC 21
ESLB D34 | K1000 | D30

Example Application Program #4
If using an analog range from 4 ~ 20mA to obtain an output range from 0 to A, the normal
output range of 0 ~ 2000 be converted to the new range.

2000 S — .
Digital value . !
Digital value (D70) I
?D%ﬁ?;}egf 1d 3) used on the program i
0 + 0 i

0 4mA——— 20mA 0 ——— 2000

Analog input Digital values (DB8112 and D8113) practically AD-converted

Please perform the conversion as below.

D70 =Ax(D8112 or D8113) / 2000. If A= 5000 then,
D70 = 5000 x (D8112 or D8113) / 2000

D70 =5x(D8112 or D8113) / 2

MBOOO
7 MB113

FNC22| s | pg113| Dva

FNC 23
D7z K2 D70
E DiN

Example Application Program #5
If using an analog range from 4 ~ 20mA to obtain an output range from A ~ B, the normal
output range of 0 ~ 2000 must be converted to the new range.
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2000 = S —
gl value Digital value (D80) ‘ |
(D8112,08113) used on the prugramA i

0 0 3

0 4mA———— 20mA 0 ——— = 2000

Analog input Digital values (D8112 and D8113) practically AD-converted

To convert the normal output range of 0 ~ 2000 to the range of A ~ B, please see below.
D80 = (B - A) x (D8112 or D8113) / (2000 - 0) + A; if A= 4000 and B = 20000

D80 = (20000 - 4000) x (D8112 or D8113) / (2000) + 4000

D80 = 8 x (D8112 or D8113) + 4000

MBO0O
i MB113
FNC 22
ks |DB113| D82
FNC 20
D82 | K4000 | DB0
EADD

Example Application Program #6
If using an analog range from A~ B to obtain an output range from C ~ D, both the current
and the digital ranges must be converted from the standard ranges.

4000 g---mmsmmmmmmmmannaas
BI

Digital value
AD-converted

Digital value (D90)
(D8112,D8113) A

used on the program

|
0 4mA A — B 20mA
Analog input

c A
0 ,ef | |
0 A'— B' 2000

Digital values (D8112 and D8113) practically AD-converted

0

To convert both ranges, please see the programming example below. More details can be
found from the previous examples.

D90 = (D - C) x (D8112 or D8113) / (B’ -A))+(B’ xC-A xD)/(B’ -A)

D90 = (D - C) x (D8112 or D8113) / [(125 x B - 500) - (125 x A-500)] + [(125 x B - 500) x C
-(125 x A-500) x D] / [(125 x B - 500) - (125 x A - 500)]

(A'=125xA-500; B =125 x B - 500)
D90=(D-C)x(D81120rD8113)/[125x(B-A)]+[(B-A)xC-(A-4)xD]/(B-A)

If A=5, B =15, C =5000, and D = 15000

D90 = (15000 - 5000) x (D8112 or D8113) / [125 x (15 - 5)] +

[(15 - 4) x 5000 - (5 - 4) x 15000] / (15 - 5)

D90 = 8 x (D8112 or D8113) + 4000
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MBOOO
1 MB113

FNC2| kg | pe113| Dez

FINC 20
[ ADD De2 | K4000 | DSO

10. Points Of Technique

10.1 Advanced Programming Points

The HC family of programmable controllers has a very easy to learn, easy to use
instruction set which enables simple programs to perform complex functions. This chapter
will point out one or two useful techniques while also providing the user with valuable
reference programs

If some of these techniques are applied to user programs the user must ensure that

they will perform the task or operation that they require. BRASILTEC Electric can take no
responsibility for user programs containing any of the examples within this manual.

Each program will include a brief explanation of the system. Please note that the method
of 'how to program' and 'what parameters are available' for each instruction will not be
discussed. For this information please see the relevant, previous chapters.

10.2 Users of DC Powered Units

When using DC powered programmable controllers, it is necessary to add the following
instructions to the beginning of the installed program

Step 0)MB000
}—1 F——-mMov ]| K 5 |DBBHEH
Explanation:

With AC powered programmable controllers, the power break detection period can be
adjusted by writing the desired detection period to the special data register D8008.
However, in the case of DC powered units this detection period must be set to 5 msec.

This is achieved by moving the value of -5 into D8008. Failure to do this could result
in inputs being missed during the DC power ‘drop'.
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10.3 Using The Forced RUN/STOP Flags

10.3.1 A RUN/STOP push button configuration

The HC programmable controller has a single RUN terminal. When power is applied to
this terminal the PLC changes into a RUN state, i.e. the program contained is executed.
Consequently when there is no power 'on’ the RUN terminal the PLC is in a STOP state.
This feature can be utilized to provide the HC PLC with an external RUN/STOP - push
button control. The following PLC wiring and program addition are required.

Forced RUN m ode
M g0ea

Forced RUN
comm and

Forced STOP
comm and

Explanation:

Pressing the RUN push button sets the PLC into the RUN state. This means M8000 is
ON.

Following the program, M8000 activates both M8035 and M8036. These two special
auxiliary devices set the PLC in to forced RUN mode. Releasing the RUN push button
would normally return the PLC to the STOP state, but because the two auxiliary coils,
M8035 and 36 are ON, the PLC remains in RUN. To stop the, PLC pressing the STOP
push button drives an input ON

and consequently M8037 turns ON. This then automatically forces OFF both M8035 and
36 and resets itself. Hence, the PLC is in its STOP status and awaits the cycle to begin
again.

Input priority:

* The STOP input is only processed after the programs END statement has been reached
-this is because the physical input used, i.e. an X device is normally updated and
processed at that time. Therefor, the RUN input is given priority when both RUN and
STOP inputs are given simultaneously.

* To give priority to the STOP input and provide a 'safer' system, some form of
mechanical/ circuitry interlock should be constructed between both RUN and STOP inputs.
Avery simple example is shown in the wiring diagram above.

* For push-button control to operate correctly, the user must set the RUN/STOP
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switch on  units to the STOP position.
* units do not have a RUN terminal. One of the inputs X0 to X17 (X0 to X7 for -16M)
on the MPU should be configured as a RUN terminal in the parameter settings.

10.3.2 Remote RUN/STOP control

The HC family of programmable controllers can be controlled, i.e. switched into RUN or
STOP modes and have devices monitored by use of intelligent external control devices.
These includes such items as computers, the BRASILTEC data access units and Graphic
Operator Terminals.

The following example utilizes a graphic  unit:

Explanation:

The programmable controller needs no

special wiring or additional programming for

this example.

The only condition required is that the PLC

would not normally be in a RUN state, i.e.,

there is no connection to the RUN terminal

and the RUN/STOP switch on PLC’s that have one is set in the STOP position.

The HMI should be programmed with 'SWITCH' devices

driving the three special M codes M8035,36 and 37. By

activating the 'SWITCH' devices for M8035 and M8036 the

PLC can be switched into a RUN state, while driving the

'SWITCH' device M8037 will put the PLC into a STOP state.

Example 'SWITCH' device setting opposite.

Use an 'Alternate' switch for M8035 and M8036 and use a ‘Momentary' switch for M8037.
(see DU operation manual for SWITCH operation and programming)

@ Note: While M8035 and M8036 are ON the MPU can not be changed to STOP

mode using the RUN terminal or RUN/STOP switch. Either set M8037 ON, or reset M8035
and M8036, to return to the normal operating state.

HCA2, Remote STOP

With HCA2, units, even if the RUN terminal or RUN/STOP switch is in the RUN position,
it is still possible to do a remote STOP by forcing M8037 ON. Return to RUN by resetting
M8037.

10.4 Constant Scan Mode

Some times the timing of operations can be a problem, especially if some co-ordination is
being attempted with a second control system. In cases like this it is very useful to fix the

PLC’s scan time. Under normal conditions the PLC’sscantimewillvaryfromonescantothe
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next. This is simply because the natural PLC scan time is dependent on the number of
and type of the active instructions. As these are continually changing between program
scans the actual scan time is also a varying. Hence, by using the additional program
function identified below, the PLC’s scan time can be fixed so that it will be the same
duration on every program scan. The actual scan duration is set by writing a scan time in
excess of the current longest

scan duration to special data register D8039 (in the example the value K150 is used). If
the PLC scans the program quicker than the set scan time, a 'pause’ will occur until the set
scan duration is reached.

This program example should be placed at the beginning of a users program.

M8000
f MB039

——|mov| k150 [D803g

Newly set
constant scan
time = 150 msec

10.5 Alternating ON/OFF States

It is often useful to have a single input control or toggle a situation. A basic, yet typical
example is the switching ON/OFF of a Light. This can be easily achieved by using
standard ladder program to load an input and switch an output. However, this system
requires an input which is latchable. If basic ladder steps are used to latch the program
then it soon becomes complex

and prone to mis-programming by the user. Using the ALT instruction to toggle the
ON/OFF (SET/RESET, START/STOP, SLOW/FAST) state is much simpler, quicker and
more efficient.

Explanation:
ALT| Y 1] ALT| M 0]
Y 1 Y0
Y 1
Program
example 1 Program example 2

Pressing the momentary push button X1 once will switch the lamp ON. Pressing the push
button for a second time will cause the lamp to turn OFF. And if the push button is again
pressed for a third time, the lamp is turned ON again and so the toggled status continues.
The second program shown identifies a possible motor interlock/control, possibly a
start/stop situation.
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10.6 Using Battery Backed Devices

For Maximum Advantage Battery backed devices retain their status during a PLC power
down. These devices can be

used for maximum advantage by allowing the PLC to continue from its last operation
status just before the power failure.

For example: A table traverse system is operating, moving alternatively between two limit
switches. If a PLC power failure occurs during the traversing the machine will stop. Ideally,
once the PLC regains its power the system should continue from where it left off, i.e. if the
movement direction was to the left before the power down, it should continue to the left
after the restoration of the power.

Explanation

Right X? ﬁl,!’ T Limit switch X0 Limit switch X1

traverse |Mmeoo \; o gl
®1 X0 Motor driven
Left i S MB01 iﬂ‘éﬁﬁ““’f& o1
traverse | M801 Reciprocating an
table
The status of the latched devices (in this example M coils M600 and M601) is retained

during the power down. Once the power is restored the battery backed M coils latch
themselves in again, i.e. the load M600 is used to drive M600

10.7 Indexing Through Multiple Display Data Values

Many users unwarily fall in to the trap of only using a single seven segment display to
display only a single data value. This very simple combination of applied instructions
shows how a user can 'page' through multiple data values displaying each in turn.

Explanation:

The contents of 10 counters are displayed in a sequential, ‘paged' operation.

The paging action occurs every time the input X11 is

received. What actually happens is that the index register Z is continually incremented
until it equals 9. When this happens the comparison instruction drives M1 ON which in
turn resets the current value of Z to O (zero). Hence, a loop effect is created with Z varying
between fixed values of 0 and 9 (10 values). The Z value is used to select the next counter
to be displayed on the seven segment display.

This is because the Z index modifier is used to offset the counter being read by the BCD
output instruction.
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Operation
version of program
z=0 CO
=1 _, c1
x10 =z=2Ep c2
1:’—-1 oAz H (g2 &
=5 C5
— 0 7% ce
X11 0 z=r c7
S BCOP[C 0 Z[K4 Yo Z=6  C8&
Z=n  ca
INC P
K4 Y0
CMPP IE-Z IE:I E E E E‘

10.8 Reading And Manipulating Thumbwheel Data

Data can be easily read into a programmable controller through the use of the BIN
instruction. When data is read from multiple sources the data is often stored at different
locations. It may be required that certain data values are combined or mixed to produce a
new value. Alternatively, a certain data digit may need to be parsed from a larger data
word. This kind of data handling and manipulation can be carried out by using the SMOV
instruction. The example below shows how two data values (a single digit and a double
digit number) are combined to make a final data value.

?:}gﬂit Digit

(1] 1
- 10”10
F———{ BIN [k2xzo[ D2 — ) s
D1=7 B 0 o:-s
———————— BIN [ K1X0| D1 — | —
[ L]
Hsmov] o1 k1] k1| D2 [ k3 X0 to X3 XAW®HEF—Ex opgrammable
controller
D1-02 MY poo76s
Explanation:

The two BIN instructions each read in one of the data values. The first value, the single
digit stored in D1, is combined with the second data value D2 (currently containing 2
digits). This is performed by the SMOV instruction. The result is that the contents of D1 is
written to the third digit of the contents of D2. The result is then stored back into register
D2.

10.9 Measuring a High Speed Pulse Input

10.9.1 A 1 msec timer pulse measurement
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Some times due to system requirements or
even as a result of maintenance activities it is
necessary to ‘find out' how long certain input
pulses are lasting for. The following program
utilizes two interrupt routines to capture a pulse
width and measure it with a 1 msec timer. The
timer used in the example is one of the timers.
However, T63 on the HCA2 would be used for
a similar situation on that PLC.

Explanation:

The 1 msec timer T246 is driven when interrupt

1001 is activated. When the input to X1 is

removed the current value of the timer T246 is
moved to data register DO by interrupt program

1100. The operation complete flag MO is then set ON.
Note: X10 acts as an enable/disable flag.

10.9.2 A 0.1 msec timer pulse measurement

This is a very accurate measuring process for

pulse inputs. The use of a standard timer is not

accurate enough in this case as the highest

resolution is 1Imsec. Therefor, this example

shows how the special high accuracy devices

M8099 and D8099 are used to capture the 0.1

msec resolution pulse data.

Explanation:

The incoming pulse is captured between two

interrupt routines. These routines operate

independently of each other, one on the rising

edge of the pulse input and one on the falling

edge of the same input. During the pulse input

the contents of

special register D8099 are continually moved into data register DO. Once the pulse has
completed the contents of DO can be viewed at leisure.

Please note for this high speed/accuracy mode to be active for D8099, the corresponding
special auxiliary bit device M8099 must be driven ON in the main program.
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10.10 Using The Execution Complete Flag,

M8029

Some of the applied instructions take more than one

program scan to complete their operation.

This makes identification of the current operating state

difficult. As an aid to the programmer,

certainappliedinstructionsidentify

theircompletionbysettinganoperationcompleteflag,

M8029.

Because this flag can be used by several different

instructions at the same time, a method similar to the following should be used to trap the
M8029 status at each of the instructions using it:

Explanation:

The M8029 'trapping’ sequence takes advantage of the batch refresh of the HC family of
PLC’s. As the program scan passes each instruction using M8029 the status of M8029
changes to reflect the current status of the instruction. Hence, by immediately resetting (or
setting) the drive flag for the instruction the current operational status of the instruction is
trapped. So when the batch refresh takes place only the completed instructions are reset.
The example above uses a pulse to set the drive flags so that it is easy to monitor and see
when each instruction finishes (if the instructions are continuously driven it will be difficult
to see when they finish!).

woﬂimMmohmwmq K4 }:L
. . Equivalent
10.11 Creating a User Defined MTR | MTR instruction

| ENy
The interrupt

FEND routine is scanned

1620|MB00D every 20 msec
A EI L
[ |

For users who want to have the benefits of oVl o of
the MTR instruction for BRASILTEC i (Movfesdkaniiol t this routine a
¥iz
e instruction for users oD Mo &

Ly

Instruction

who want to specify more than one MTR I block is read
area, this user defined MTR function will be L
Y3iz ) .
very useful. i This program
] _Y|3'| area controls
Explanatlon: ¥a0 which input block
. . . — will be read
YI0YIYIZYII {
The mam control of thlsj p.rogram re§ts in the
timer interrupt 1620. This interrupt triggers | Mage X30-37 is
; MBD0D refreshed at the
every 20msec regardless of what the main ———{ReF[va0 | K& | start of the
program is doing. On each interruption one RET]— ;?;giréiwhi'e
. L. = are
bank of the user defined matrix is read. The END I refreshed here
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program simply consists of

reading the inputs triggered by each of the multiplexed outputs.
Thereaddataisthenstoredinsequentialsetsof auxiliary registers. Each MOV instruction
reads a new bank of multiplexed inputs.

The equivalent MTR instruction is shown immediately before the 'user defined' MTR.

10.12 An Example System

Application Using STL And IST Program Control

The following illustration shows a simple 'pick and place' system utilizing a small robotic
arm. The zero point has been de-fined as the uppermost and left most position accessible
by the robot arm.

Anormal sequence of events

Aproduct is carried from point 'A’ to point '‘B' by the robot arm. To achieve this operation
the following sequence of events takes place:

Initial position: the robot arm is at its zero point.

1) The Robots grip is lowered to it lowest limit

- output YO: ON, input X1: ON, output YO: OFF.

2) The grip clamped around the product at point A

- output Y1: ON.

3) The grip, now holding the product, is raised to its

upper limit

- output Y2: ON, input X2: ON, output Y2: OFF.

4) The robot arm traverses to its right most position

- output Y3: ON, input X3: ON, output Y3: OFF.

5) The grip and product are lowered to the bottom limit

- output YO: ON, input X1: ON, output YO: OFF.

6) The grip is unclamped and the product is released at point B
- output Y1: OFF.

7) The grip is retrieved back to its upper limit

- output YO: ON, input X2: ON, output YO: OFF.

8) The arm traverses back to its zero point by moving to the left most limit
- output Y4: ON, input X4: ON, output Y4: OFF.

The cycle can then start again.

System parameters
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Left most arm position —/EJ X4 Operation 8

¥4
/ﬂﬁ Operation 4
Zero point Y3 § o]
p R 2 “a | o2
Upper Left most
YO grip limit arm position Yo Y2
Operation 1 Operation 3 Operation 5 Operation 7
Xylﬁu L X1 ¥
Lower
grip limit Y1 ¥1
Operation 2 Operation 6 I:l

1) Double solenoid valves are used to control the up
(Y2)/down (YO) and right (Y3)/left (Y4) motion.

2) Assingle solenoid valve is used for the clamp
(Y1)/unclamp operation.

This example uses the IST instruction (FNC 60)
to control the operation mode of the robot arm.

The program shown opposite identifies how the
IST instruction is written into the main program.

WhenthelSTinstructionisusedthereare5 selectable modes

which access three separate programs. This example has

the following programs associated with its modes. Each

mode is selected. The screen shown opposite is the initial

mode menu. Each of the menu options causes a screen

jump to the selectedmode.Menuoptionsland3alsosetON

auxiliary devices M30 and M31 respectively.

The active bits then trigger a screen change to the selected mode. Please note
'‘Automatic' has three further modes which are selected from a following screen/display.
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Manual Mode:

In this mode ALL operations of the robot arm
are controlled by the operator. An operation or
movement is selected by pressing the
corresponding option on the DUs screen (see
below). These options then trigger DU
SWITCH objects which drive associated
auxiliary relays within the programmable
controller. The SWITCH objects should be set
to momentary so that they

only operate when the key is pressed.

The status of the clamping action could be identified by two INDICATOR (SCR) functions
on the DU unit. They could be monitoring the ON and OFF status of the clamp output Y1.
Hence, when the clamp was ON a single black box opposite the ON button could appear.
When the clamp is OFF the box would appear in front of the OFF button. At any one time
only one box would be active.

Key assignment for DU screen opposite:

Up = M15 Down = M20

Left = M16 Right = M21

Clamp ON = M22

Clamp OFF = M17

Menu = reset M30

Once manual operation is completed the operator can return to the main mode selection
screen by touching the '‘Menu' key. This causes the manual mode bit flag, M30, to be reset.
Once M30 is reset the DU screen then changes back to the desired mode selection
screen.

Zero Return Mode

This mode fulfills an initialization [s1] clampis not activeand the return
. . operation has been started
function by returning the robot arm to :,-113 *5——
o T Ensure 'dowm’ and 'clamp’
a known position. E@_ RST_Y1 | options remain reset
Once 'Z Return' has been selected . RST Y0 |
from the mode selection screen the ol D Move grip up
bit device M35 is ON. At this point the
. (511 RST_Y3 ] Ensure 'right' option is reset

DU screen changes to the 'zero

' : @m Move grip left
return' screen. The actual zero return x4 4
operation will then start when the s12 Set zero refum
'Return’ push button is pressed . complete flag (M8043)
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(activating M25) and the robots grip is not active, i.e. Y1 is OFF (on the STL flow diagram
opposite Y1 OFF is shown as Y1%).

The DU unit could be used to report back the status

of the current returning operation. The example

screen shown opposite uses 3 variable messages

to indicate this status. The messages could be text

strings stored in the PLC which are read and

displayed by the DUs ASCII option.

Once the zero point has been returned to, the

operator would also return to the mode selection

screen. This is achieved by pressing the 'Menu'

touch key. This then resets the zero return bit device M31 which allows the DU screen
change to take place.

Key assignment for DU screen above:

Return = M25

Menu = reset M31

Automatic Mode

Under this option there are three further mode selections. The available modes are:
Step Mode:

- The automatic program is stepped through - operation by operation, on command by the
user pressing the 'Start’ button.

Cycle Mode:

- The automatic program is processed for one complete operational cycle. Each cycle is
initiated by pressing the 'Start' button. If the 'Stop’ button is pressed, the program is
stopped immediately. To resume the cycle, the 'Start' button is pressed again.
Automatic Mode:

- Afully automatic, continuously cycling mode. The modes operation can be stopped by
pressing the 'stop' button. However, this will only take effect after completion of the current
cycle.

In this example these three modes are selected by an external rotary switch. The rotary
switch is not connected to the PLC but to the 1/O

bus on the rear of the DU unit. The use of the

rotary switch means that the selected modes are

mutually exclusive in their operation. For an

operator friendly environment the currently

selected mode is displayed on the DU screen

(again this could be by use of the DUs ASCII

function). The start/ stop controls are touch keys

on the DU screen. When a mode is selected the

input received at the DU unit momentarily activates one of the following auxiliary relays:
Rotary switch:
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position 1 'Step' - Step operation: DU input 10, controls bit device M32 position 2 'Cycle’
-Single cycle operation:

DU input 11, controls bit device M33 position 3

‘Auto’ - Automatic operation: DU input |12, controls bit device M34

Key assignment for DU screen above:

Start = M36

Stop = M37

The program run in all three mode choices is shown opposite. As noted earlier, the 'Step
mode will require an operator to press the 'Start' key to start each new STL block. This
could be viewed as an additional transfer condition between each state. However, the
user is not required to program this as the IST instruction controls this operation
automatically.

The 'Cycle’ mode will process the program from STL

step S2, all the way through until

STLstepS2isencounteredagain.Once

more the IST instruction ensures that only one cycle is

completed for each initial activation of the 'Start' input.

Finally as suggested by the name, 'Auto’ mode will

continuously cycle through the program until the 'Stop’

button is pressed.

The actual halting of the program cycling will occur

when the currently active cycle is completed.

Points of interest:

a) Users of the IST instruction will be aware that only one of the operation modes should
be active at one time. In this example program the isolation of ‘Manual' and 'Zero return'
modes by the use of separate DU control screens, and the use of a rotary switch to isolate
the three automatic modes achieves this objective. Alternatively all of the operation modes
could be selected by a rotary switch.

b) For users who would like to test this example using simulator switches (i.e., without
using a data access unit) the appropriate program changes are noted next to the full
program listing later in this section. Alternatively, the original program could be used with
all of the input conditions being given by forcing ON the contacts with a programming
device e.g. a hand held programmer, Medoc etc.
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¢) Special flags used in this program are:

* M8040: State transfer inhibit

- Manual mode: Always ON.

Zero return and Cycle modes: Once the 'Stop' input is given the current state is retained
until the 'Start' input is received.

Step mode: This flag is OFF when the 'Start' input is ON. At all other times M8040 is ON,
this enables the single STL step operation to be achieved.

Auto mode: M8040 is ON initially when the PLC is switched into RUN. It is reset when the
'Start' input is given.

* M8041: State transfer start

- Manual and Zero return modes: This flag is not used.

Step and Cycle modes: This flag is only active while the 'Start' input is received.

Auto mode: The flag is set ON after the 'Start' input is received. It is reset after the 'Stop’
input is received.

* M8042: Start pulse

- This is momentarily active after the 'Start' input is received.

* M8043: Zero return complete

- This is a user activated device which should be controlled within the users program.

* M8044: At Zero position/ condition

- This is a user activated device which should be controlled within the users program.
Full program listing:
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[1] LD X a5 | 8TL 5 1 T2 | 5TL 5 21
1 AND X 2 36 LD M 35 T3 | SET| Y 1
2 AMI Y 1 37T |RET | M |BO43 T4 |OUT| T o
3 OUT | M | B044 33 | ANI by 1 K 10
5 LDy M | BODO 40 | SET =1 10 7 LD T o
[ IST &0 42 5TL 5 10 T8 | SET 5 22
M 30 43 | RET by 1 B0 | STL 5 22
5 20 44 | RET b 1] Bl |ouT| ¥ 2
5 27 45 |OoUT | Y 2 B2 LD X 2
13 | STL 5 ] 46 LD X 2 B3 | SET 3 23
14 Lo M | BOd44 47 | SET 5 1 B5 | STL 5 23
15 | OUT M | BO43 48 | 5TL =1 11 B |OUT| ¥ 3
17 LD M 22 50 | RET A 3 n) LD X 3
18 | SET Y 1 5 |ouUT)| ¥ 4 BB | SET 5 24
19 LD M 17 52 LD X 4 80 | STL 5 24
20 | RET Y 1 53 | SET 5 12 1 |ouT| Y o
21 Lo M 15 5% | STL 5 12 52 LD X 1
22 | ANI Y ] 56 | SET | M |BDM3 3 | SET 5 25
23 | ouT Y 2 58 | RET =1 12 a5 STL 5 25
24 LD M 20 (RETY 85 |RST| Y 1
25 | AMI Y 2 600 | STL 5 2 gr |ouT| T 1
286 | OUT Y ] 61 LD M| B0 K 10
27 LD M 16 G2 |RET | M |BO43 100 LD T 1
28 | AND X 2 G4 |[AND | M |BDd4 101 | SET =] 26
28 | ANI Y 3 65 | SET 5 20 103 | STL =] 26
30 | ouT Y 4 87 | STL =1 20 04 |OUT| Y 2
KR LD M 3l 68 [OUT| ¥ [1] 105 LD X 2
32 | AND X 2 [:2] LD X 1 106 | SET 5 27
33 | AMI Y 7D | SET 5 21 108 | STL 5 27
34 | OUT Y 08 |ouT| Y 4
(FETF 0 | LD | = i
T This instruction relums the —= [ 1M [ouUT| S 3
+ Instnactions in () are not program flow to STL step 52, I
NECEssany
MECESSArY 114 | EMD
Program options:
i IST 60 17 LD X 12 27 LD X 6
X 20 19 LD X 7 3 LD X 11
] 20 21 LD X 5 36 LD X 25
s 27 24 LD X 10

10.13 Using The PWM Instruction For Motor Control

The PWM instruction may be used directly with an inverter to drive a motor. If this
configuration is used the following ripple circuit will be required between the PLC’s PWM
output and the inverters input terminals.
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Programmable
controller
. E .
il Motor
E
a —
+ _
- | © — | I=
Inverter
Cc1 o
. [

Circuit configuration for a PLC with source outputs

Key to component values:

R1-510Q(1/2 W) R2 - 3.3kQ(1/2 W)

R3 to R8 - 1kQ(1/4 W) R9 - 22Q(1/4 W)

R10 - variable dependent on configuration. In this example 1kQ(1 W)

C1 - 470pF

Note: the values of R10 and C1 are dependent on the system configuration

X10 t T

0
|—| —{PWM| D10] K50 |*r+:mu}—‘

3

Establishing system parameters and values

It is assumed that the input impedance of the inverter is of a high order. Having
established this, the values of C1 and R10 are calculated to giverta time result (in msec)
approximately 10 times bigger than the value used for TOin the PWM instruction:

1 =R10(kQ)ALC1(uF)

During this calculation the value of R10 must be vastly greater than the value of R9. In the
example, R9 is equal to 22Q, where as R10 is equal to 1kQ. This proportion is
approximately 1:50 in favor of R10.

The maximum output voltage (to the inverter) including ripple voltage, can be found by
using the following equation:

t

362



fec

intelligent solutions worldwide

Where:
em= Maximum output voltage
E= pulse (square wave) output voltage (see circuit on the previous page)
t = PWM pulse duration (see previous page for reference)
T0= PWM cycle time for pulse (see previous page for reference)
The average output voltage (to the inverter) including ripple voltage, can be found by
using the following equation:
Ae To-t - To

e T - 1
Where:
Ae= the voltage value of the ripple
e = ripple output voltage
TO= PWM cycle time for pulse
t = PWM pulse duration
T =ripple circuit delay
See previous page for references.
Operation
Once the system configuration has been selected and the ripple circuit has been built to
suit, the motor speed may be varied by adjusting the value of 't' in the PWM instruction.
The larger the value of 't' the faster the motor speed will rotate. However, this should be
balanced with the knowledge that the faster the output signal changes the greater the
ripple voltage will be. On the other hand a slowly changing output signal will have a more
controlled, yet smaller ripple effect. The speed of the signal change is determined by the
size of C1. Alarge capacitive value for C1 would give a smaller ripple effect as charge is
stored and released over a longer time period.

Programmable
controller

Motor

12v

Inverter

Circuit configuration for a PLC with sink outputs.

The component values are the same as stated previously

The following characteristics were noticed when the identified circuit was tested

The PWM instruction had TO set to K50. The value for t was varied and also the load
impedance was varied to provide the following characteristics graph (see over page).
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12.0+ t;
10.04 L3 Tested load impedance
L4 (e.g. inverter impedance)
8.01 L1-100k
@ (volts) 6 5 L2-10k
L3-47k
4.0 L4-22k
2.04
lss 10 20 30 40 50

1.0

The duration of the TO, time base also affects the ripple voltage. This can be clearly seen
in the next set of test data:

PWM parameter setting Measured ripple
t To t/ To voltage
100 200 1.27Vv
50 100 668mV
25 50 0.5 350mv
10 20 154mV
5 10 82mv

The behavior of the Sink switched circuit detailed above will be similar to that of the
Source switched circuit detailed earlier.

10.14 Communication Format

10.14.1 Specification of the communication parameters:

Items such as baud rates, stop bits and parities must be identically set between the two
communicating devices. The communication parameters are selected by a bit pattern
which is stored in data register D8120.
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DB8120
e Bit (bn)status
De t
serption 0 (OFF) 1(ON)
b0 Data length T bits 8 bits
b1 (00): No parity
b2 Parity (b2, b1) {01): Odd parity

{11): Even parity

b3 Stop bits 1 bit | 2bits

(b7, b6, b5, bd)

Eg (0011): 300 bps EE::, 1b f-g%;;‘,is
o Baud rate -bps  |(0100): 600 bps (1000): 9600 bps
by (0101): 1200 bps (1001): 19200 bps
{0110): 2400 bps '
b8 Header character MNone D8124, Default: STX (02H)
b8 | Terminator character MNone D8125, Default: ETX (03H)

Mo Protocol

{b12, b11, b10)

(0, 0, 0): RS Instruction is not being used (RS232C interface)

(0, 0, 1): Terminal mode -RS232C interface

L {0, 1, 0): Interlink mode - RS232C interface (| HCAS V2.00 or above)
b10 | Communication Control | (4 4 1): Normal mode 1- RS232C, RS485(422) interfaces (RS485
b1 (see timing diagrams HCAS (C) only)

b12 | page 10-20 onwards) |4 g 1): Normal Mode 2 - RS232C interface (FX only)

Computer Link

{b12, b11, b10)

(0, 0, 0): R5485(422) interface
(0, 1, 0): RS232C interface

General note regarding the use of Data register D8120: This data register is a

general set-up register for all ADP type communications. Bits 13 to 15 in the 232ADP units
should not be used. When using the network with 485ADP units bits 13 to 15 should be
used instead of bits 8 to 12.

10.14.2 Header and Terminator Characters

The header and terminator characters can be changed by the user to suit their
requirements.

The default setting for the header stored in D8124 is 'STX' (or 02H)and the terminator
default setting stored in D8125 is 'ETX' (or 03H). The header and terminator characters
are automatically added to the 'send’' message at the time of transmission. During a
receive cycle, data will be ignored until the header is received. Data will be continually
read until either the termination character is received or the receive buffer is filled. If the
buffer is filled before the termination character is received then the message is considered
incomplete.

If no termination character is used, then reading will continue until the receive data buffer
is full. Only at this point will a message have been accepted and complete. There is no
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further buffering of any communications, hence if more data is sent than the available
destination buffer size then the excess will be lost once the buffer is full.

It is therefore very important to specify the receive buffer length the same size as the
longest message to be received.

Events to complete a transmission:

The RS instruction should be set up and

active.

The data to be transmitted should be moved

into the transmission data buffer. If a variable

is being used to identify the message length

in the RS instruction this should be set to the

new message length. The send flag M8122

should then be SET ON. This will automatically reset once the message has been sent.
Please see the example program right.

Events encountered when receiving a message:

The RS instruction should be set up and active. Once data is being received and an
attempt is made to send out data, the special M flag M8121 is set ON to indicate the
transmission will be delayed. Once the 'incoming’

message is completely received the message

received flag M8123 is set ON. At the same time if

M8121 was ON it is automatically reset allowing

further messages (delayed or otherwise) to be

transmitted.

It is advisable to move the received data out of the received data buffer as soon as
possible. Once this is complete M8123 should be reset by the user. This is then ready to
send a message or to await receipt of a new message.

10.14.3 Timing diagrams for communications:

1) No Handshaking D8120 (b12, b11, b10) = (0, 0, 0)
Y¢ O below version 2.00

366



tec

intelligent solutions worldwide

D (15, {Data 1) {Data 4)
Sendreqest OoF
mMa122 _ T F
Send wait i : OFF /4 ON
flag MB121 : ;. *This period should
jbe1mpscrnnre[. (
RD(RXD) | ' \_/ZF)_* \
Recsive = g
4 ; OFF ON.F
%ﬂtm i The receive wait
= status is started R&ﬁettﬂrgapmgm
When it is not turned off, the
next data cannot be received.
2) Terminal mode D8120 (b12, b11, b10) = (0, 0, 1)
a) Send Only
RS
instruction
Send data
SD (TXD)
Sernd
Ma122
ER(DTR)
DR(DSR)

b) receive only
RS OFF
instruction il

Receive data
RD (RXD)

ER(DTR) OFF ON
Recaive OFF -
completion
MB123 Reset using a program
Wihen it is not tumed off, the next data cannot be received.
3) Normal Mode 1 D8120 (b12, b11, b10) = (0, 1, 1)
O¥¢  below V2.00.
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RS
instruction OFF | ON

Send data SD Data 1 /Data 3)

(TXD)

Send request
nMB122 ON

Send wait

Receive data

S paun i —

RD (RXD) i Data Z \
F .m e A
cormpletion L¥T ON
MB123 Resat using a
When it is not tumed off, the
next data cannat be received.
DF?_(\}}DG OFF

This period should be 100 us or more

4) Normal Mode 2 D8120 (b12, b11, b10) = (1, 0, 1)
O¥¢ after V2.00

RS  OFF ON

instruction

Send data /'Data } Data 3)

SD (TXD)
Send request o

Receive data

RD (RXD) \Data
Recsve OFFE JDN s

MB123
(V2.00 or above) Communications

Inthe  V2.00 or above, full duplex communication is performed.
1) No Hardware Handshaking D8120 (B12, b11, b10) = (0,0,0)
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;ﬂ‘ereneive“ait Reset it using a program

T ostatus is started When it is not tumed off, the

2) Terminal Mode

The control line and transmission sequence are identical to those in the HC, on page
3) Normal Mode 1 D8120 (b12, b11, b10) = (0, 1, 1)

Reset using a
When it is not tumed off, the
next data cannot be received.

4) Interlink Mode D8120 (b12, b11, b10) = (0, 1, 0)

RS  oFF ON
instruction

Send data
SD (TXD)

Sernd
nMB122

DR(DSR)

Reset using a prograrm.
fiag MB129 Whenit isrﬁ::ttmmcﬂ.ﬂ'e
next data cannot be received.

Reset using a program
When it is not tumed off, the next data cannot be received.
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10.14.4 8 bit or 16 bit communications.

This is toggled using the Auxiliary relay M8161. When this relay is OFF 16 bit
communications takes place. This actually means that both bytes of a 16 bit data device
are used in both the transmission and the receipt of messages. If the M8161 device is
activated then 8 bit mode is selected. In this mode only the lower 8 bits (or byte) is used to
perform the transmissionreceiving actions. The toggling of the M8161 device should only
occur when the RS instruction is not active, i.e. it is OFF.

When a buffer area is specified in the RS instruction it is important to check whether 8 or
16bit mode has been selected, i.e. a buffer area specified as D50 K3 would produce the
following results.......

16 bit mode - M8161=0FF | 8 bit mode - M8161 = ON
Data register | High byte Low byte Data register | High byte Low byte
D50 X F D50 F
D51 0 D51 X
D52 0

General note regarding hardware: Information regarding pin outs of the respective

ADP special function blocks can be found along with wiring details in the appropriate
hardware manuals.

10.15 PID Programming Techniques

10.15.1 Keeping MV within a set range

In the reserved registers of the PID data block S 3+18 and S3+19 form a double word
device that contains the previous MV x K100. The following program uses this to keep MV
under control when it exceeds the operating limits.

Example Program to keep MV in th&gange K100 to K5000

10 sV Py Biock hbs
—4——1 A0 [ oa | Do | Do | D8
M
U zcP | wioo [ kS0 | 6 | M0 H  Chedk My ageinst mnge
veg e My
) Lowerlimt [mov | koo | e H MW<100 Fiox MV tolower limit
M et
K100

{ oMov | koo | D@8 Reset FID data to lower limit

h22 . s

| Upper Lirmit : MON | Iml D46 ]_ Wt = SB000: Fio: MW o upperr limit
MV nx
K100

[ Dmov | ksooowo | De8 H  Reset PID dats o upper limit
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If data registers are used to hold the limit values, it is possible to use a MUL instruction
instead of the DMOV. E.g. When D50 is upper limit use: MUL D50 K100 D38 because the
result of MUL is already a double word DMUL is not needed.

Resetting (S3+19, S3 +18) in this way prevents runaway, which occurs if only MV is
changed.

10.15.2 Manual/Automatic change over

In order to switch from automatic (PID) control to manual control and back to automatic it
is necessary for the PID process to perform ‘Manual Tracking'. Although the HC PID
instruction does not have a manual tracking feature there are two methods that can be
used to make the switch from manual back to automatic as trouble free as possible.

To understand the reason for the two methods the following should be noted. The PID
instruction sets its initial output value based on the initial value of the output register.
When the PID instruction is switched on it can only do P as it has only 1 data reading. On
the first reading the current value of the output register is used as AMV. Thereafter the
previous output value is used (stored in S3+18, S3 +19).

After the next reading PI can be calculated and from the third reading full PID is
performed.

Please see section 5.98, PID (FNC 88), for the complete equations.

Method

It is recommended that if manual to auto switching is desired that the PID instruction is
switched off during manual operation and the operator controls the value of the MV
register (the Output Value). When returning to auto mode, the PID instruction is switched
on again and uses the last MV input by the operator during the first PID calculation. After 3
readings full PID will be operating and the process should be under control quickly.
(Assuming that manual control did not cause a move too far from the Set Point.

10.15.3 Using the PID alarm signals

Included as part of the data block there are four alarm values. These set the maximum
positive and negative change that should occur to MV and PV. The PID alarm signals are
used to warn of the system going out of control.

When the system is starting from cold it is usually not good to include the Derivative
numbers of the in the calculation; the changes to PV are large and the Derivative
introduces too much correction. Also, if the system starts to move rapidly away from the
SV then sometimes the use of D can over correct and cause chasing.

By having an 'alarm’ flag for the change in PV and MV it is possible to monitor the state of
the system and adjust the PID parameters to appropriate settings.

When the system is close to the SP the changes in PV (and MV) should be minimal. In

this situation using full PID is very useful in keeping the system close to the SP. (Full PID
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is appropriate).

However, if the conditions change (e.g. opening a refrigerator door, adding ingredients to
a mixture, cold start, etc.) the system reacts. In some cases (especially cold start) the
reaction is too much for the D to be useful (Pl or sometimes just P only is better). In these
cases the alarm flags can be used to change to Pl control until the system returns to a
more stable condition,

when full PID can then be used.

Basically, rather than use actual values of the PV to determine the change over point from
Plto PID (or PID to PI), use the size of the change in PV (or MV). This means changes to
the Set

Point do not require different ranges for the PI - PID change over point (at least, in theory).

10.15.4 Other tips for PID programming

* Itis recommended that an input value for PV is read before the PID is activated.
Otherwise, the PID will see a big change from 0 to the first value and calculate as if a big
error is occurring.

* The PID instruction is not interrupt processed. It is scan dependent and as such the
sampling can not occur faster the HC scan time. It is recommended that TSis set to a
multiple of the program scan time.

* To keep timing errors to a minimum it is recommended that constant scan is used.

* To improve sampling rates it is possible to put the PID instruction inside a timer interrupt
routine.

* It is better to have the PID only perform P until the input value (PV) reaches the working
range.

* When setting up it is a good idea to monitor the input and output of the PID instruction
and check that they are about the expected values.

* If the PID system is not operating properly check the error flags for PID errors (D8067).

10.16 Additional PID functions

The following parameter table gives the additional parameters available with (C)MPUs.
These are:

-S3+1 bit 4: Pre-tuning operation flag.

-S3+1 bit 5: Output Value range limit flag.

-S3+22: Output Value upper limit.

-S3+23: Output Value lower limit.
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Param- | Parameter Settin
eter nameffunc- Description ran eg
Si+P tion 9
b0 Forward operation(0),
Reverse operation (1)
Action-reac- b1 Process Value (52) change alarm OFF(0)OMN(1)

S341 tion b2 Output Value (MV) change alarm OFF{0)/ON(1) Not
direction and b3 Reserved applicable
alarm control b4 Activate pre-tuning (auto resets on completion)

b5 Output Value (MV) range limit OFF(0)OMN(1)
b6-15 |Reserved
Output Value, |Active This is an alarm for the quantity of positive change
maximum when which can occur in one PID scan. If the Qutput 0 to 32767
positive S3+1,b2  [Value (MV) exceeds this value, bit S3+24, b2 is

§3422 change alarm :: :ﬁEt ON. |set
Output Value, ve This is an upper limit for the Output Value (MV).

L when . . : . . -32768 to
Upper limit During operation the PID instruction restricts the

- Sa3+1,bs . o 32767
restriction . output so that it does not exceed this limit.
is set ON.

Output Value, |Active This is an alarm for the quantity of negative
maximum when change which can occur in one PID scan. If the 0 to 32767
negative 5341, b2 |OQutput Value (MV) falls below this value, bit

S3423 change alarm |is set ON. | 53+24, b3 is set.

Outout Value Active This is a lower limit for the Output

Low';r i [when Value (MV). -32768 to

restriction S3+1,b5 |During operation, the PID instruction restricts the 32767
is set ON. |output so that it does not fall below this limit.

Note: S3+1 b2 and b5 should not be active at the same time. Only one value each is
entered into the data registers S3+22 and S3+23.
10.16.1 Output Value range control (S3 +1 b5)

Bit5ofparameterS3+1, when ON, activates S3+22 and S3+23 to be upper and lower limits
for the output value (MV).
This feature restricts the output value to the specified limits; in effect, this automatically
performs the same operation as that described in section 10.15.1.

10.17 Pre-tuning operation

10.17.1 Variable Constants

The Pre-tuning operation can be used to automatically set values for the following

variables:

- The direction of the process; Forward or Reverse (S 3+1, bit 0)
- The proportional gain constant; KP(S3+3)

- The integral time constant; TI(S3+4)

- The derivative time constant; TD(S3+6)

Setting bit 4 of S3+1 starts the pre-tuning process. Before starting, set all values that are
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not set by the pre-tuning operation: the sample time, Ts (S3 +0); the input filtera(S 3+2);
the Derivative gain, KD(S 3+5); the Set Point, SV (S1); and any alarm or limit values, (S 3
+20-23).

The Pre-tuning operation measures how fast the system will correct itself when in error.
Because the P, I, and D equations all react with differing speed, the initial error must be
large so that effective calculations can be made for each type of equation. The difference
in values between SP and PVnf must be a minimum of 150 for the Pre-tuning to operate
effectively. If this

is not the case, then please change SV to a suitable value for the purpose of pre-tuning.
The system keeps the output value (MV) at the initial value, monitoring the process value
until it reaches one third of the way to the Set Point. At this point the pre-tuning flag (bit 4)
is reset and normal PID operation resumes. SV can be returned to the normal setting
without turning the PID command Off.

During the course of normal operation, the Pre-tuning will NOT automatically set new
values if the SV is changed. The PID command must be turned Off, and the Pre-Tuning
function restarted if it is necessary to use the Pre-tune function to calculate new values.

* Caution: The Pre-tuning can be used as many times as necessary. Because the flag
resets, the set bit can be turned On again and new values will be calculated. If the system
is running an oven heater and the SV is reduced from 250 to 200 C, the temperature must
drop below 200 or the“Forward/Reverse”flag will be set in the wrong direction. In addition,
the system error value must be large for the pre-tune variable calculations to work
correctly.

®

pre-tuning operation. It is recommended that the sampling time is generally set to a value
much greater than the program scan time.

* Note: The system should be in a stable condition before starting the pre-tuning
operation.

An unstable system can cause the Pre-tuning operation to produce invalid results. (e.g.
opening a refrigerator door, adding ingredients to a mixture, cold start, etc.)

* Note: Even though Pre-tuning can set the above mentioned variables, additional logic
may be needed in the program to "scale" all operating values to those capable of being
processed by the special function devices being used.

* Note: Set the sampling time to greater than 1 second (1000 ms) during the

10.18 Example Autotuning Program

The following programming code is an example of how to set up the Pre-Tuning function.
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X010
D500: SV = 500 [FHC 1z
wov i | Ks00 | Ds00
" - o FHC 12
D502: MV = 1800, initial value oy @ K1800 | D502
D511: 5,+1, Bits 0-3 and 5-15 Off, Bits 4 and
5 On. Bit 4 = Pre-Tune Function g |H0030 | DS11
Bit 5 = MV Range Limit
D512: Input Filter, S,+2 = 70% Mtz T ko [ osiz |
D515: K, , 5,+5 = 1800, initial FNC1Z | o | osis
value MOV
D532: MV Max, S,+22 = 2000 o I | ®2000 | DS3z
D533: MV Min, S,+23 = 0 [rciz T o [ psas
ENEs
MO
Pulse M1 to turmm On PID command S SET
) _ ) B002 e
Send setling to Special Function Block —n—l T | KO [ KO J Ha:i-n:il K1 }—
Read data from Special Function Block ﬂm FNC 78 | ] [ K10 | D501 | K1 |—
FROM
. X010
Reset Output data when PID command is Off W RST E
||
PID Instruction Command Line M FNC B8
. G | D500 [ D501 | D510 | D502 }—
Turn OFff PID Instruction xon -

10.19.1 Outline of functions.

Symbols in the 5DM refer to;

X: Input, Y: Output, M: Auxillary relay, S: State, T: Timer, C: Counter, D: Data register.
Operator functions: The following functions can be used only from the operation keys on
the front of the 5DM. (Refer to the 5DM Hardware manual for the correct procedure when
using the operation keys).
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Function Description
Clock
Display Displays built-in RTC of HCA1/ HCA2
Setting Allows the setting of - Year, month, day, hour and minute.

Device monitor

Bit device

Displays the ON / OFF status of X, Y, M & S

Word device (16-bit)

Displays the current values of T, C & D. Allows settingof T & C

Word device (32-bit)

Displays the current values of 32bit C & D. Allows setting of 32bit C

Buffer memory monitor

Displays the buffer memory of special units and blocks (Hcaz only)

Error display Displays Error codes and error occurance step number
Forced Set / Reset Forces ON or OFF bit devices Y, M & S

TIC reset Clears the current values of T& C

Data change

Current value

Allows the changing of current values in T, C and D

Set value

Allows the changing of set valuesin T, & C

5DM Control functions: The following functions can be used only when controlled by the

sequence programs.

Function

Description Section

Protect

Enables either, all operator functions, only monitor
function, or only clock time display.

Specified device monitor

Allows user to specify device type and number to be
displayed

Error display enable / disable

Enables or Disables the error display function

Auto backlight OFF

Sets the automatic backlight off time

Operation key status recognition

Recognised the ON/OFF status of the four operation
keys

If a key word to prohibit read or write is registered in the PLC, only the clock time

display is available. All other functions shown above are not. If an operation is performed
in this state, the display flickers for 5 seconds.

10.19.2 Control devices for 5DM

When using the 5DM control functions, write the head device number of Data registers (D)
and Auxiliary relays (M), to the special data registers D8158 and D8159 respectively.
D8158 and 8159 are the control devices for the 5DM.

Five data registers and 15 auxiliary relays are available for the control of a 5DM.
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Special D | Control device Description Application
D8158 D3t Device type to be displayed Specified device monitor
Kz D3r+1 Device number to be displayed function

Ds+2 Backlight OFF time (minutes) Auto backlight OFF function

D43 Display screen protection Protect function

D3r+4 Mot available
D8159 MmO Request Edit of displayed device data |Specified device monitor
KO MO+1 Edit complete response signal function

MO+2 Disable backlight OFF function Auto backlight OFF function

MO+3 Enable / disable error display

MO+4 [ESC] key status ) ) .

MO+5 [ key status fSpecllfied device monitor

unction

MO+6 [+] key status

MO+7 [OK] key status

MO+8

MO+9

MO+10

MO+11 Mot available

MO+12

MO+13

MO+14

If a nagative value or a value outside the D or M device ranges in the /HCAZ2 is written to
D8158 or D8159, the 5DM control functions are disabled. (The initial value of D8158 and
D8159 is'-1’ so that the functions are disabled).

10.19.3 Display screen protect function

By writing a specific numeric value to'D <1 +3’ (5DM control device), operator functions
with regard to display and setting can be restricted.

Control

device Current value of D75+3

D8158 0 All operator functions are valid, no protection

Kve 1 Only time display is valid, current time cannot be changed

2 Only device monitor display is valid, settings cannot be changed

Other value | All operator functions are valid, no protection

10.19.4 Specified device monitor

It is possible to specify in the PLC, the devices to be displayed on the 5DM. When
specifying a device to be displayed, write the correcponding number shown in the table
below to D¥.
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Current value of D3¢ Device type
1 Input (X)
2 Qutput (Y)
3 Auxiliary relay (M)
4 State (S)
5 Timer (T)
6 Counter (C), 16-bit current and set value or 32-bit set value
7 Data register (D) 16-bit
8 Data register (D) 32-bit
9 Time display

Any other value Mot used *1

*1 If a numeric value other than 1~9 is writen, no device will be specified. In this case all
operator functions are valid.

Points to note:

a)During the monitoring of devices T or C, if a device number not used in the program is
specified, the next largest existing device number is displayed. If the specified device
number is beyond the range available, the largest existing device number will be
displayed.

If the OUT instruction for the T or C is not present in the sequence program,‘----" is
displayed on the 5DM screen.

b)When scrolling and displaying consecutive devices using the operation keys, move up
and down the range with the [+] and [-] keys.

c)If the device numbers are not consecutive, and scrolling is required, some additional
PLC code will be needed. The range of device numbers to be displayed will have to be
related to an index register, the [+] and [-] keys increment and decrement the current value
of this register, and therefore change the displayed values.

d)If data registers used in D8158 are located in the non-backup area, the current values of
the data registers are reset to'0’ when the PLC is stopped. As a result of this, the device
type to be displayed, set byD[Obecomes invalid and, the operator functions become valid.
In order to disable the operator functions, use data registers located in a battery backed
area.

10.19.5 Specified device edit

This function allows the operator to edit the devices displayed by the specified device
monitor.
The following devices are used to achieve this.

[Special D Control device Description
D8159 MmO Request to edit displayed device data
KO MO+1 Edit complete response signal
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Points to note;

a)In order to edit a device while it is being displayed, the control device M[]
OshouldbeON.

If the edit request turns OFF, the function is disabled. In order to prevent this, it is
recommended to drive MJOusing a set command.

b)When the edit request is turned ON, bit devices Y, M and S can be set or reset. Also the
current and set values of word devices D, T and C can be edited.

* Bit devices - A cursor under the device flickers, pressing [OK] sets or resets the device.
The [ESC] key signifies the end of the change process, M10+1 set OFF and M[Ois
reset.

* Word devices - The current value flickers, pressing the [+] or [-] keys will increment or
decrement the current value.

Pressing the [OK] key before the [+] or [-] keys in the case of T or C, allows the set values
to be changed.

Pressing the [OK] key after a value change, completes the change. Pressing the [ESC]
key cancels the change and completes the process, for either keyM [10+1is set to OFF
and M0Ois reset.

..:c)lf the [+] and [-] keys are used for device scrolling, when the current or set value

is increased or decreased for editing purposes, the program for timer scroll will be
actuated. For this combination of functions please set an interlock in the sequencer
program.

10.19.6 Automatic Backlight OFF

Using this function a set time until the backlight is switched OFF can be set, or it can be
forced ON and OFF when necessary.

Special D Control device Description

Ef;; 58 Die+2 Backlight OFF time

D8159 . . .

KO MO+2 Disable automatic backlight OFF (Forced ON)

Dy¥0+2 can be set in the following range;
0 (initial value) : 10 minutes

1to0 240 : 1 to 240 minutes

240 or more : 240 minutes

Negative value : Forced OFF

Points to note;
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a)Once the backlight turns OFF, it will turn ON again when any key is pressed. This key
will act as a trigger, not an effective key. The contents displayed before the backlight OFF,
will them be shown.

b)Setting a Negative value in Dyx[0+2 will force the backlight OFF, setting M[1+2 the
backlight can be forced ON.

10.19.7 Error display enable / disable

Users can specify the types of errors in the PLC to be displayed on the 5DM unit.

Special D Control device Description
Eg] 59 MO+3 Enable / Disable operation errors etc.

The following errors are unconditionally displayed when they occur; PLC Hardware,
parameter, grammatical and circuit errors.

While M[1+3 is ON, the following errors are also displayed;

I/O configuration, parallel link and operation errors.

When any key is pressed, or when the error status is released the error display
dissappears.

If two or more errors have occured, the priority is given to errors to be unconditionally
displayed. Additionally the error with the smallest‘error number’ has overall priority.
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