Serial Communication Protocol
[Modbus Version]

Operation Manual, First Edition

1Al America, Inc.




I1A]T

PROFIBUS Gateway

Table of Contents

Chapter 2

(O a1 (=] A O AV =T o T SR 1
B 1 511U Tod 1o P U T UUPTPPRTRTN 1
2 ©7o) ] aU=Ted 10 o I @0 o ile [ U= L1 o] o SRS 1
1V/[To | o JUISH ad o) (o Tolo] IS o 1= Tox o= 11 o] g U 3
1. BaSIC SPECIFICALIONS ....ceeiiiiieiiiiiie ettt ettt e et e e st e e e s sabneeeeaae 3
1.1 ComMUNICAION MOUE......uuiiiiiiiiiee ittt e st e e s bt e e e s snbeeee e 4
1.2 Serial TranSMISSION MOUE ......ccuviiiiiiiiiee ettt e e st e e e s srbe e e e s snbeeee e 4
1.3 MESSAQE FramMES ... it e a e e e aare 5
I 4 (o] g O 1= o TP PPPRRTN 7
1.5 Send/ReceiVe BUEIS ... 8
1.6 Message TransSmiSSION TIMINGS ...cc.covcuriiierieeeiieiiirirr e e e s ssssnrrerr e e e e e s s srnrerer e e e e e s e nnnnnees 8
A N1 =T o LU A= g To B L= USSP 9

B\ o T | oW T3 o £ o] o < PSP URRRR 10
2.1 Read COil StAtUS (OL1) ..ueeeieeeieiiiiiiiiee e e e s cste e e e e e e s s e e e e e e s s e e e e e e e s s snnnrreeeeeeeen 10
2.2 Read INPUL STAtUS (02) ..eveeeeieiiiiiieiee et see e e e e e s e e e e e e e s s anrr e e e aaaaeas 11
2.3 Read Holding REGISLErS (03) .....uuuiiiieaiiiiiiiiieeee e ettt e e e e e e s snreaeeeaaaaeeas 12
2.4 Read INPUt REJISIEIS (04) ...eeeiiiiiiiee ettt 13
2.5 FOrce Single Coil (05) ...uuuieeeiiiiiiiieiiee e icte et e e e e s s e e e e e s s e e e e e e e s s ennnrrereeaaees 14
2.6 Preset Single REGISIEr (06) .......uuvieiieeeiiiiiiiiiee e e e e e e cccrre e e e e e s e e e e e s s srnrreeeaaeeeas 15
2.7 Read EXCeption STAtUS (07).....uuerieeieaaieiiiiieii ettt e e e e e raeee e e e e e 16
2.8 Force MUItiple CoilS (15).....uiiiiiiiiiie et 17
2.9 Preset Multiple REGISErS (16) ...uuurriieeeiiiiieiieiie e e e s st ee e e e e e s s e e e e e e e s snnrnnereeeeeeeas 19
2.10 REPOI SIAVE ID (A7) urrriiiieeeie ittt e e e s eeecte et e e e e e st e e e e e e e e st e e e e e e e s s s nnnrreeeaaaeeas 21
2.11 Read/Write REQISIEIS (23) ...ciiiieiiiiieee ittt e e e e e s eeeaa e as 22

B\ o o | U S T (o =T o] 1 o] g <SR 24
3.1 EXCEPLON RESPONSES ...ceiiiiiiiiiiiitiiie e e e e eettte et e e e e e e st e e e e e e e s s st e e e e e e e s s annnnrareeaaeeeas 24
3.2 EXCEPLON COUES. ... .ceeiieiiiei ettt ettt e e e et e e e e e e e e e nnabeeeaaaeeas 26

. Data Structure in INterNal MEMOIY .........coiiiiciiieie e e e e e e e s s e e e e e e s nennes 27
4.1 ReQISters and STALUSES .....cciiiiiiiiiiiieii e e e s et e e e s s r e e e e e s s s bree e e e e e e s e e nnnrraeees 27
N = To 115 (=T AN (o | =TT 1Y =T o SRR 28
4.3 StAtUS AAIESS MaAP . ..ceeiiiiiiiie ettt e e e e e e e e e e e e e e rnnaeeeeas 29
4.4 Data Structures of Controller Monitor Information Registers..........ccccovcveeiniieeennnen 30
4.4.1 Current Position Monitor (PNOW) (9000H)..........ccoiiiiiriiiieeeeeiiiiiieeeeeee e 31

4.4.2 Present Alarm Code (ALMC) (9002H) ......ccvveeeiiiiieeiiiiiie e 31

4.4.3 Input Port Monitor Register (DIPM) (9003H)........cooiiiiiiiieiiiaieiiiiieeee e 31

4.4.4 Output Monitor Register (DOPM) (9004H).......cccoouiiiiiiiiiiiaaeeiiiiiieeee e 31

4.45 Device Status Register 1 (DSS1) (9005H)........ccoiiiiiiiiiieiiiiieeeiiiieeeesiieeens 32

4.4.6 Device Status Register 2 (DSS2) (9006H)..........ccoeviiiirirrieeeeeiiiiiiireeeeee e 34

4.4.7 Expansion Device Status Register (DSSE) (9007H) ......coocvveeiviiieeeiiiinnenns 36

4.4.8 System Status (STAT) (9008H) ....coeviriiiiiiiiiie e 38

4.4.9 Current Speed Monitor (VNOW) (900AH).......coiiiiiiiiiiiie e 39

4.4.10 Current Ampere Monitor (CNOW) (900CH) .......cccoviiiiiiiieieee e ciiiiieeee e e e 39

4.4.11 Deviation Monitor (DEVI) (900EH)........cccoiiiiiiiiiiiiieiiiiee e 39

4.4.12 System Timer (STIM) (90L0H) ......ccoiiiiiiiiiiiiee e 39

4.4.13 Special Input Port Monitor Register (SIPM) (9012H).......ccccoovviiiiiiieneeennnne 40

4.4.14 Zone Status Register (ZONS) (9013H).....ccuveeeiiiiiieeiiiiee e 42

4.4.15 Position Number Status Register (POSS) (9014H) .......ccoveeiiiiiiiiiiiieniaannnnnne 44

4.4.16 Current Position Monitor [Pulses] (PNWP) (9016H) ........cccccoviiiiiiieeniaannnnne 44

4.4.17 Current Speed Monitor [Pulses] (VNWP) (9018H) ......ccccceeeeviiiiiiviiineeeeeennns 44



I1A]T

Serial Communication (Modbus)

4.5 Data Structures of Position Command RegiSters.............cuvveeriiiiiiiiiiiie e 45
4.6 Data Structures of Numerical Command RegIStErsS .........ccceeviiiiiviiiriieeeieiiiiiieeeeenn 46
4.6.1 Target Position Coordinate Specification Register (PCMD) (9900H).......... 46

4.6.2 In-position Band Specification Register (INP) (9902H)...........cccoviieeiieennnns 46

4.6.3 Speed Specification Register (VCMD) (9904H)........ccccoeeieeeiiiiiiiiiieeeaeeee 46

4.6.4 Acceleration/Deceleration Specification Register (ACMD) (9906H)............ 46

4.6.5 Push-current Limiting Value (PPOW) (9907H) .......cccciiieeeeeeie e a7

4.6.6 Control Flag Specification Register (CTLF) (9908H) ........ccccovviviiivieereeennnnnns a7

4.7 Data Structures of Position Table Information RegiSters ...........cccoceeieiiiiniiiieeenenn. 48
4.7.1 Target POSItION (PCMD) .......cuiiiiiiiiie it siiiieessiee e seee e siaeeesssaneeessnnaeee s 48

4.7.2 In-position Band Specification Register (INP)..........cccoveeeeeeiiiiiiiiieeeee e 48

4.7.3 Speed Specification Register (VCMD).......cccoveveeeiiiiiiiiieicee et 48

4.7.4 Individual Zone Boundaries = (ZNMP, ZNLP)..........cccooveeeeiiiiiiiiieeee e 49

4.7.5 Acceleration Specification Register (ACMD) ..........ccccviieieeeeeiiiiiiiieee e 49

4.7.6 Deceleration Specification Register (DCMD)..........ccccvveeeieeeesiiiiiiineneeee e 49

4.7.7 Push-current Limiting Value (PPOW) ......cccviiiiiiee e 49

4.7.8 Load Output Current Threshold (LPOW) .......coovvviiiiiiiiiiece e 49

4.7.9 Control Flag Specification Register (CTLF) .......ccceeeriiiieiiiiiiie e 49

4.8 Data Structures of I/O Control Information RegiSters.......ccccccvvvvvviieereeeiieiiiiieeeeeen, 50
4.8.1 Device Control Register 1 (DRG1) (ODOOH).......ccovievviveiiieeeieiiiiiieeeeeee e 50

4.8.2 Device Control Register 2 (DRG2) (ODO1H) ......cccoviviviiiriieeeeeiiiiiieeeeeee e 52

4.8.3 Expansion Device Control Register (DRGE) (ODO2H)..........cccovivveeeeiiineeennns 54

4.8.4 Position Number Specification Register (POSR) (ODO3H) ........cccceevvivveeeenne 55

4.9 EXCEPLON STATUS.....eeiiiiiiiiii ittt e ettt e et b e e e sbb e e e e s bbeeeesaaneeeeee 56

5. COMMUNICALION PrOCEAUIES .......vviiieiiiiiie ittt st e et e e st e e s st e e e enbae e e e aneees 57
5.1 Controller Status Monitoring ProCEAUIE .........cocoiiiiiiiiiiiiea i 57
5.2 PIO Command Disable Specification Procedure............cccoocviieiniiiie e 58
5.3 Servo ON Command ProCEAUIE..........uuiie ittt 59
5.4 HOMING PrOCEAUIE.....cuuiiiiei ettt e e s e e e e e e e st e e e e e e e e s s nnrreeeeaaeeas 60
5.5 Movement Procedure by Position Number Specification ...........cccccccoviiiiiicinnnnne. 61
5.6 Movement Procedure by Position Coordinate Specification ...........cccoccveeviiieeennne 62
5.7 Position Data Wrte ProCEAUNE ........coouiiiiiiiiiee et 63
B8 INOLES ..o s 64

L I O = O - | (o1 T] - o o SRR 65
5.10 LRC CalCUIALION.......eeiiiiiiiee ettt e e e e e e e st e e e e e e e s e nnnnreeeeeaeeas 67
Chapter 3 Modbus ProtOCOl FOIMALS ........ciiiiiiiiiiiiiieiie e e e e e e e s e e e e e e s e e sanrraaeeeaeeesenanns 68
L. MESSAGE FIAME ..cciiiiiiiiiiee ettt e e e s e e e e e e s e e r e e e e e n e 68
R = Vo [T T o TSP ERRRR 68
1.2 AAreSS FIeld......cooiiiiiiiie et 68
R T W o Tox 1o o T = o PSP PR 69
R B - - T i = o SRR 69
1.5 LRC CheCK FIEll......cvviiiiiiieie ettt bae e et ae e e e e 70
G = 1 =T g =Y o ST 70
1.7  SeNA/RECEIVE BUFEIS ....ciiiiiiiiiiiii ettt e e e 70

2. Query List (Functional COMPAriSON) .......cciiuuriieiiiiiie ettt 71
3. Queries Using Function Code 03H (Read Holding RegiISters) ........cccvcvveeeeiiiiivineeeeeeeeennns 76
3.1 Basic QUEry/RESPONSE SIIUCLUIES .......cccuuiiiieieee e e e ccitire e e e e e e s siirrrr e e e e e e e s snrnrreeeaae e s 76
0 0 R ' o 1T o ISP PP 76

3.1.2  QUETY FOMAL ... .uuuiiiiiiiiiiiiiiiii s 76

3.1.3  Start AdAress LiSt.......uueeiiiiiii ettt e et e e saaee e 77

3.1 4  RESPONSE FOIMAL......uuuuiuiiiiiiiiiiiiiiiiieterere s 78



I1A]T

PROFIBUS Gateway

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

Current Position Monitor (Unit: 0.01 mm) <<KPNOW>> ..., 80
32,1 QUETY FOMAL ....uutiiiiiiiiiiitiiit s 80
3.2.2  RESPONSE FOIMAL.....uuuiiiiiiiiiiiiriiiiiiiiii s 81
3.2.3 Sample Query/Response Messages (AXiS NO. 0) ...ccceevvviveeniiieeeiiiiieee e 81
Present Alarm Code Query SSKALMECS> ...t 82
3.3 1 QUETY FOMAL .....uuiiiiiiiiiiiiiiitt s 82
3.3.2  RESPONSE FOIMAL.....uuuiiiiiiiiiiiiriiiiii s 83
3.3.3 Sample Query/Response Messages (AXiS NO. 0) ...cccoeevviiieeniiineeiiiiieeennee 83
Input Port Query <K<KDIPM>> . 84
341 QUETY FOMAL .....uuiiiiiiiiiiiiitit s 84
3.4.2 RESPONSE FOIMAL..... ittt e e e e aaee 85
3.4.3 Sample Query/Response Messages (AXIS NO. 0) .....coeveeviiiiiiiieeeeeeeeiiinnnn, 85
Output Port Query KKDOPMS> ...t 86
3.5. 1 QUETY FOIMAL.....cciiiiiiiieeeiieiiitis ettt e e e e e e e e e e ee st naeeaaees 86
3.5.2 RESPONSE FOIMAL..... ittt ee e e e aees 87
3.5.3 Sample Query/Response Messages (AXIS NO. 0) .....cceveevviiiiiiiieeeeeeeiiinnnn, 87
Device Status QUEry 1 SKDSSI>> ... 88
3.6.1  QUETY FOIMMAL.....cciiiiiiiiieii ittt e e e e e e e e e ee et e e e eaaees 88
3.6.2  RESPONSE FOIMAL......ciiiiiiiiiiiiiiiie e ee e e aees 89
Device Status QUErY 2 SKDSS2>> .. ittt 91
371 QUETY FOMMAL .....uiuiiiiiiiiiiiiiititt s 91
3.7.2 RESPONSE FOIMAL... ..ottt e e e aee 92
Expansion Device Status Query SKDSSE>> .. ...ttt 94
381 QUETY FOMMAL.....uuuiiiiiiiiiiiiiit it 94
3.8.2  RESPONSE FOMMAL.....utuiiiiiiiiiiiiiiiiiiiit s 95
System Status QUETNY SKSTATSS L.t 97
3.9.1  QUETY FOMAL .....uuuiiiiiitiiiiiiit s 97
3.9.2  RESPONSE FOMMAL.....uuuiiiiiiiiiiiitiiiiiiii s 98
Current Speed Monitor KKVNOWS .. ... e sraee e 100
3.10.1 QUETY FOMMAL.......eieieiiiee ettt e e s e e e e e e e 100
3.10.2 RESPONSE FOIMAL....uutuiiiiiiiiiiiiiitiiiiiii s 101
Current Ampere Monitor KKCNOWS> L....oiiiiiiiiiiiiiiee et e e e 102
3. 111 QUETY FOMMAL ... ieiieiiiee ettt e e s s e e e e e e s 102
3.11.2 RESPONSE FOMMAL....uuuuuitiiiiiiiiiiiiiiiiiti s 103
Deviation Monitor KKDEVIZ>>......cciiiiiiiiiccie e 104
3.12.1 QUETY FOMAL ... ieiieiiieeee ettt e e e e e e s 104
3.12.2 RESPONSE FOMMAL......eeiiiiiiiiiiiiiii it e s 105
System Timer QUErY SKSTIM>> ... 106
3.13.1 QUETY FOMMAL ... ittt e e e e e e e 106
3.13.2 RESPONSE FOMMAL......eeiiiiiiiiiiiiiii ittt e e 107
Special Input Port QUEry KKSIPIM>> ...t e e annees 108
3.14.1 QUETY FOIMMAL.....uuuiuieiiiiiiieiiiiiiiiteeeee s 108
3.14.2 RESPONSE FOMMAL......eeiiiiiiiiiiiiiiiiie et e e 109
Zone Status QUEry SKZONSSS L...uiuiiiiiiiiiiieieiirirererereeeenennenneen s 111
3.15.1 QUETY FOMMAL.....uuuuiieiiiiiiiiieiiriiiiiee s 111
3.15.2 RESPONSE FOIMAL.....uuuuuieieiiiiiiiiiiiiiiieeiereene s 112
Completed Position Number Query <KPOSS>> .......coooiciiiiieieece s e e 114
3.16.1 QUETY FOMMAL......uuuuiiiiiiiiiiiiiiiiiitiiee s 114

3.16.2 RESPONSE FOIMAL.....uuuuuieieiiiiiiiiiiiiiiiitteeaen s 115



I1A]T

Serial Communication (Modbus)

4. Queries Using Function Code 05H (Force Single Coil) .......cccvveiviiiieiiiiiiee e 116
4.1 Basic QUEry/RESPONSE SITUCIUIES ....cceeeiieiiiiiieeee e e s e eiitrrer e e e e e e e s sarrae e e e e e e s e snnrraee s 116
ot A ¥ o 1o o PSSR 116
4.1.2  QUETY FOMMAL...iiiiii i e e e ar e e e e eerenen 116
4.1.3  Start AAAreSS LiSt....coiuiiiieiiiiie it 117
4. 1.4 RESPONSE ... iiiiiiti ettt e ettt e ettt e e e e e e e e e e e e e e eerraan 117
4.2 Safety Speed Enable/Disable Switching <<SFTY>>.....ccccccccoiiiiiiiiiiene e, 118
N R @ 1 U1 =T o VA o] 41 = L PP PPPPPPTPPN 118
4.2.2  RESPONSE ... iiiiitiii ittt ettt e e aa 118
4.3 Servo ON/OFF (Old g Command) <<KSON>>.......ccoiiiiiiiiiiriie e 119
4.3.1  QUETY FOMMAL...uiiiiii it e e e e e e e e eareaen 119
4.3.2 RS PONSE .. iiiiiitii ittt et aaaa b 119
4.4 Alarm Reset (Similar to Old r, d Commands) <<ALRS>>.........cccccceveeiviiiciiinennnnn. 120
ot R @ 1 U T=T o VA o] 41 = L PP PPN 120
A.4.2  RESPONSE ...ciiiiiitii ittt ettt e ettt e e aa 120
4.4.3 Sample “Alarm Reset” Query/Response (Sent to Axis No. 0 Controller) .. 120
4.5 Brake Forced Release <<KBKRL>>.......ccvviiiiiiiiiiiiiiie e 121
451 QUETY FOMMAL...ciiiiiiii it e e e aa e e e e e eeaenen 121
4.5.2  RESPONSE .. iiiiiitii ittt ettt a e 121
4.6 PaUSE SKSTP>> Lo s 122
4.6.1  QUETY FOIMAL ... 122
4.6.2  RESPONSE . .iiiiiitii ettt et aaa 122
4.7 Homing (Old 0 Command) SKHOMES> .......cccceiiiiiieei ittt siaee e 123
4.7. 1 QUENY FOMMAL ... 123
A.7.2  RESPONSE ..o 123
4.7.3 Sample “Homing” Query/Response (Sent to Axis No. 0 Controller).......... 123
4.8 Positioning Start Command <KCSTR>>.......uiiiiiiiiiiiii e 124
4.8. 1 QUEIY FOMMAL ... 124
4.8.2  RESPONSE ..o 124
4.9 Jog/INCh SWItChING SKIISL>> ..oiiiiiiiiii e seaaeee s 125
4.9.1  QUETY FOMMAL ... 125
4.9.2  RESPONSE ..o 125
4.10 Teaching Mode Command SKMOD>> .........uiiiiiiiiiiiiiiee e 126
4.10.1 QUETY FOIMAL ... 126
4.10.2 RESPONSE ... a e e e e 126
4.11 Position Data Load Command <STEACS> ... 127
4.11.1 QUETY FOIMAL .....ciii ittt e e e e e s 127
4.11.2 RESPONSE ..ot e e e e e e e e e e e e e e e aaaaas 127
4.12 Jog+ Command SKIOGH>> .oiiiiiiiiiiiciiieie ettt e et e e e e e e anaee e 128
4.12.1 QUETY FOIMAL .....ciii ittt e e e e s 128
4.02.2 RESPONSE ...ceiiiiiiiie ettt e e ettt e e e e s e e e et a e e e e e 128
4.13 J0og- ComMMANA SKIOG-> ....uiiiiiiiiiii ettt e e nanne e s 129
4.13.1 QUETY FOMMAL .....coiiiiiiiiieiie et s e e e s 129
4.13.2 RESPONSE ...ceiiiiiieie ettt ettt e e e a et a e e a e e 129

4.14 Start Position 0 to 7 <<STO0 to ST7>>
(Limited to PIO Pattern: Solenoid Valve Mode)............ccccuvriiiieeeeiiiciiiiieeee e 130
4.14.1 QUETY FOIMAL .....coiiiiiiiiieiiee et e e s e e e s 130
4.14.2 RESPONSE ...eeiiiiiiiie ettt e ettt e e e s e e e e e et e e e e e e 131
4.14.3 Example of OPEration .........c..eeoiuiiieiiiiiieeriieee e 132
4.15 PIO/Modbus Switching Setting SKPMSL>> .. ..o 133
4.15.1 QUETY FOIMAL .....coiiiiiiiiiiiiei et e e e e s 133

4.15.2 RESPONSE ...ceiiiiiiiie ettt e e e e et a e e e e 134



I1A]T

PROFIBUS Gateway

4.16 Deceleration StOP SKSTOP>> . ittt 135
4.16.1 QUETY FOIMAL .....cciiiiiiiieiiie et e e s 135
4.16.2 RESPONSE ....eiieiiiiiee ittt ettt e e e et e s a e e 135

5. Queries Using Function Code 06H (Preset Single Register) ........coovvvvvveeeeeeeviiiciiiieeenn. 136

5.1 Movement by Position Number Specification <<POSR>>..........ccccccccviiiiiinnnnnnn. 136
5.1.1  QUETY FOMAL ....ccuuiiiiiiiiiii ittt e e e aa e s e e e e estaa e eeaees 136
5.1.2 RESPONSE FOIMMIAL......cciiiiiiiiiiiiiii ettt a e 136
5.1.3 Sample Response Message (Sent to Axis No. 0 Controller) ........ccc.cco..... 136

6. Queries Using Function Code 10H (Preset Multiple RegiSters) .........ccoccveveeiiiiiiiiiieeennn. 137

6.1 Basic Query/Response Structures of Numerical Movement Commands............... 137
B.1.1  FUNCHON ..eeiiieee ettt e e e e e e st e e e e e e e e nnes 137
6.1.2  QUEIY FOIMIAL.....coiiiiiiiiiiiiiiiiii ittt ettt ee e e e eeseeesaseeeeesennnes 138
6.1.3  RESPONSE FOIMAL......eiiiiiiiiiiiiii e e e e e 138
6.1.4  Start AAAreSS LiSt......ccoiiiuiiieiiiiiie it ee et et e e sbaee e ane 139
6.1.5 Sample Query/Response Formats 1 (Normal Movement)...............ccc....... 146
6.1.6 Sample Query/Response Formats 2 (Incremental MOVE) ..............ccuvneee. 147

6.2 Basic Query/Response Structures for Writing Position Table Data........................ 148
ST R U ] o1 1o ) o [PPSR 148
6.2.2  QUEIY FOIMAL.....cciiiiiiiiie e e e ar s 148
6.2.3  RESPONSE fOIMAL.....cciiiieiiiiiiiiii e e e e r e e e e e s eennes 149
6.2.4  Start AAAreSs LiSt......ccooiuiiiiiiiiiee et 150
6.2.5 Sample Query/Response FOrmMats L.......ccccceeiiiiiiiiiieiieeeeeiiiiiieeee e e e e e 153

7. EXCEPLON RESPONSE ...ttt ettt e ettt e e e e e st e e e e e e e e aas b et e e e e e e e s e e nnbbeeeaaaeeas 156



’A ' Serial Communication (Modbus)

Chapter 1  Overview

1. Instruction

This manual describes the specifications of the Modbus protocol (Protocol M) applied to ROBO Cylinder
Series controllers (ERC2, PCON, ACON and SCON). The specifications described herein do not apply to
other controllers adopting IAI's original Termibus protocol (Protocol T).

Among the Modbus protocol specifications, this manual only covers those relating to serial communication. For
other items specific to each controller, refer to the operation manual that comes with the applicable controller.
The Modbus protocol can be used to perform the following operations:

[1] Reference the current position, various statuses and other conditions of the controller
[2] Move the actuator by specifying position numbers

[3] Move the actuator by directly specifying target positions

[4] Rewrite the position table

[5] Start multiple axes simultaneously via broadcast addressing

For details on [5], contact IAl's Sales.

2. Connection Configuration

A maximum of 16 controllers can be connected serially with a host PLC, etc., via a SIO converter, as
shown on the next page.

If you wish to use your system over DeviceNet, CC-Link, Profibus or other field network, refer to the
operation manual that comes with the gateway unit for the desired field network.

/N Caution

(1) If any address or function not defined in this specification is sent to the controller, the controller
may not operate properly or it may implement unintended movements. Exercise due caution. Do
not send any function or address not specified herein.

(2) RC Series controllers are designed in such a way that once the controller detects a break (space)
signal of 150 msec or longer via its SIO port, it will automatically switch the baud rate to 9600 bps.
On some PCs, the transmission line remains in the break (space) signal transmission mode while
the communication port is closed. Exercise caution if one of these PCs is used as the host device,
because the baud rate in your RC Series controller may have been changed to 9600 bps.

(3) Set the communication speed and other parameters using IAl's tool (teaching pendant or PC
software), and then transfer the specified parameters to the controller.

(4) If the controller is used in a place meeting any of the following conditions, provide sufficient
shielding measures. If sufficient actions are not taken, the controller may malfunction:
[1] Where large current or high magnetic field generates
[2] Where arc discharge occurs due to welding, etc.
[3] Where noise generates due to electrostatic, etc.
[4] Where the controller may be exposed to radiation
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Connection Configuration
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Chapter 2 Modbus Protocol Specifications

RC Series controllers have a built-in asynchronous serial-bus interface conforming to EIA RS485 as their
host interface. This interface can be connected to up to 16 slave axes using controller link cables, etc.
Note, however, that connecting dedicated controllers and other equipment to the same line may cause the
controllers to malfunction.

The Modbus protocol is a PLC communication protocol developed by Modicon Inc. (AEG Schneider
Automation International S.A.S.), and its specifications are disclosed globally.

For the detailed specifications of this protocol, refer to the specification document (MODBUS Application
Protocol Specification V1.1a) published by Modbus-IDA (http://www.modbus-ida.org/). Refer to the above
specification document together with this specification.

1. Basic Specifications

The table below summarizes the basic specifications of the Modbus protocol.

ltem Method/condition
Interface Conforming to EIA RS485
Communication method Half-duplex communication
Synchronization method Start-stop synchronization
Connection pattern 1-to-N unbalanced bus connection (1 <N < 16)
Transmission mode RTU/ASCII (auto-detect)
Baud rate (bps) Selectable from the following speeds via parameter setting:

9600, 14400, 19200, 28800, 38400
57600, 76800, 115200, 230400

Bit length 8 bits
Stop bit 1 bit
Parity None
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1.1 Communication Mode

Under the Modbus protocol, communication is implemented based on the single-master/multiple-slave
mode. In this mode, only the master can issue a query (to start communication). The applicable slave
receives this query, executes the function specified in the query, and then returns a response message.
The master can issue a query to a specified slave, or issue a broadcast query to all slaves.

In the case of a broadcast query, all slaves only execute the specified function without returning a
response message. Each slave returns a response message only when it has received a query
specifically addressed to the slave.

The query message format consists of the slave address (or broadcast) field, function code field defining
the content of request, data field, and error check field.

The response message format consists of the request check field, data field, and error check field.
Following figure shows the query message format and response message format.

Query/response communication cycles

Query message
(from the master)

Device address 8 bits Device address
Function code 8 bits Function code
Data nx8 bits Data
Error check 16 bits Error check

Response message
(from the slave)

1.2 Serial Transmission Mode

Serial transmission is implemented in two modes: ASCII (American Standard Code for Information
Interchange) mode and RTU (Remote Terminal Unit) mode.

In the ASCII mode, one byte (eight bits) of data is transmitted as two ASCII code characters. In the RTU
mode, on the other hand, one byte (eight bits) of data is transmitted directly. Therefore, transmission
efficiency is higher in the RTU mode than in the ASCII mode. All devices on a given network must operate
under the same mode.

RC Series controllers determine the transmission mode applicable to each packet, which means that data
can be received in either mode.
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1.3 Message Frames
In the RTU mode, the message frame conforms to the format shown below.
START Address Function Data CRC Check End
T1-T2-T3-T4 8 bits 8 bits n x 8 bits 16 bits T1-T2-T3-T4
* “T1-T2-T3-T4” indicates a silent interval.
In the ASCII mode, the message frame conforms to the format shown below.
START Address Function Data LRC Check End

1 character

2 characters

2 characters n characters 2 characters 2 characters

* Data that can be specified between START and End are a character string consisting of ‘0’ to ‘9’ and

‘Ato'F.

(1) Header Field

In the RTU mode, a message starts with a silent interval consisting of at least 3.5 characters.
In the ASCIl mode, a message starts with the ASCII character *’ (3Ah).

(2) Address Field
The table below summarizes the addresses in the message frame.

Address

Function

Details

0

Broadcast

All slaves receive the message as a query addressed to them.
They do not return a response.
Some functions cannot be broadcast. (Refer to the function list.)

1to 16

Slave address

These addresses are used to specify slave addresses.
With RC Series controllers, a slave address is assigned in a range of 1
to 16, which is larger by one than the range of 0 to 15 corresponding to
axis numbers that can be set internally in the controller.

17 to 255

(Reserved)

These addresses cannot be set in RC Series controllers.

* For the procedure to set axis numbers, refer to the operation manual for each controller.
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(3) Function Field
The table below summarizes the function codes and functions that can be used with RC Series

controllers.
Code Name Function Broadcast
(Hex)
01H |[Read Coil Status Read coils/DOs.
02H |Read Input Status Read input statuses/Dls.
03H |Read Holding Registers Read holding registers.
04H |Read Input Registers Read input registers.
05H |Force Single Coil Write one coil/DO. O
06H |Preset Single Register Write holding register. O
07H |Read Exception Status Read exception statuses.
OFH | Force Multiple Coils Write multiple coils/DOs at once. O
10H |Preset Multiple Registers Write multiple holding registers at once. O
11H |Report Slave ID Query a slave’s ID.
17H |Read / Write Registers Read/write registers.

(4) Data Field

This field is used to append data associated with the function code. The data field has a variable
length and need not be always specified.

(5) Error Check Field

The content of the error check field varies depending on the transmission mode.

In the RTU mode, 16-bit data is indicated by two sets of 8-bit byte data. The result of error check is
calculated using the method called CRC (Cyclical Redundancy Check calculation).

In the ASCII mode, data is checked via LRC (Longitudinal Redundancy Check), where the result is
indicated by two characters representing the sum of all characters excluding the Start character ‘.’
and End character “CR/LF.”

(6) Trailer Field

In the RTU mode, a message ends with a silent interval consisting of at least 3.5 characters.
In the ASCIl mode, a message ends with “CR/LF” (ODH/0AH).
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1.4 Error Check

CRC Check

In the RTU mode, an error check field conforming to the CRC method is included in each message.
The CRC field is used to check the content of the entire message. CRC is performed independently of
parity check, which checks the individual characters in the message.

The CRC field consists of two bytes containing a 16-bit binary value. The CRC value is calculated by
the sender that appends the CRC field to the message. The recipient recalculates the CRC value while
receiving the message, and compares the calculation result against the actual value received in the
CRC field. If the two values do not match, an error will generate.

In CRC calculation, a register whose 16 bits all contain 1 is preloaded first. Next, the message bytes,

each consisting of successive eight bits, are applied to the current registers one by one. A CRC value
is generated using only eight bits per character. Start, stop and parity bits are not used to generate a

CRC value.

During CRC generation, each 8-bit character is exclusive ORed with the current register content. The
result is then shifted to the direction of the least significant bit (LSB), after which 0 is filled into the most
significant bit (MSB). The value in the LSB is then extracted and checked. If the value in the LSB is 1,
the register is exclusive ORed with a predefined fixed value (0xA001). If the value in the LSB is 0, no
exclusive OR takes place.

This process is repeated until the eighth shift. After the last (eighth) shift, the next 8-bit character is
exclusive ORed with the current register content. This process is then repeated another eight times in
the same manner mentioned above. After all bytes in the message have been applied, the final content
of the register becomes the CRC value.

The CRC generation polynomial is as follows: (CRC-16 method)
x16 +x15+x2+1

When a CRC value is appended to a message, its lower byte is appended first, followed by the upper byte.

LRC Check

In the ASCII mode, an error check field conforming to the LRC method is included in each message.
The LRC field is used to check the message content excluding the first colon and CR/LF.

The LRC field consists of two bytes corresponding to two ASCII code characters. The LRC value is
calculated by the sender that appends the LRC field to the message. The recipient recalculates the
LRC value while receiving the message, and compares the calculation result against the actual value
received in the LRC field. If the two values do not match, an error will generate.

In LRC calculation, the successive two ASCII code bytes in the message, starting from the address field,
are converted to binary values, and the converted binary values are added up until the end of the data
field. Next, a 2’'s complement (binary value) is calculated for the lower eight bits of the result, and this 2's
complement is converted to two ASCII code characters that are then appended to the LRC field.
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1.5 Send/Receive Buffers

The send/receive buffer sizes of controllers are 256 bytes, respectively. Messages sent by the host must
not exceed the receive buffer size, while data requests must not exceed the send buffer size.

1.6 Message Transmission Timings

The basic transmission control procedure consists of the host sending a query, and the controller that
received the query sending a response, where these query and response transmissions constitute one
transmission cycle. The timings at which send/receive transmission is switched between the host and
controller are explained below.

The delay time after a query message is received until a response message is sent is calculated as the
total sum of the “Min delay for activating local transmitter” effective during operation, and the internal
processing time.

After receiving a query message, the controller waits for the “min. delay for activating local transmitter.”
Once this delay time elapses, the controller will activate the transmitter and start sending a response
message. The host must enable the receive function of its own station within the aforementioned delay
time after sending a query message.

After sending a response message, the controller immediately inactivates the transmitter and prepares to
receive the next packet.

In the Modbus/RTU mode, packet separation is managed using a silent interval (non-communication
time). If the host cannot send data successively through its own processing, change the “Silent interval
multiplier” parameter on the controller side.



’A ' Serial Communication (Modbus)

1.7 Timeout and Retry

After sending a query, the host waits for a response from the controller (except when the query that has
been sent is a broadcast query).

If the elapsed time after sending a command until a response is received exceeds the timeout value
(Tout), the host may send the command again to reestablish communication. If the number of retries
exceeds the maximum limit (Nrt), it means that an irremediable communication error has occurred.

The methods to calculate the timeout value (Tout) and maximum retry limit (Nrt) are explained below.

(1) Timeout value (Tout)
Tout = To + a + (10 x Bprt/Kbr) [msec]

To: Internal processing time* x Safety factor (3)

o:  Min. delay for activating local transmitter [msec]
Kbr: Baud rate [kbps]

Bprt Response message bytes + 8

* The internal processing time varies depending on the category of the register to be accessed.
Reading/writing of position table information registers, which are stored in the low-speed memory
area, requires accessing the EEPROM. Accordingly, with registers the processing time varies in
accordance with the number of positions read/written. The processing time required for each
action is listed in the table below.

Item Time
Read/write a register other than those in the low-speed memory area 1 msec max.
Position data (1 position) Read 4 msec max.
Position data (1 position) Write 15 msec max.
Position data (1 position) Read/write 18 msec max.
Position data (9 positions) Read 9 msec max.
Position data (9 positions) Write 90 msec max.
Position data (9 positions) Read/write 98 msec max.

(2) Maximum retry limit (Nrt)
Nrt = 0 to 3 (Selected in accordance with the system)
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2. Modbus Functions

2.1 Read Coil Status (01)

® Function

Read the ON/OFF statuses of DOs (Discrete Outputs) in a slave.
This function cannot be broadcast.

® Query

In a query message, specify the DO address from which to start reading data, and number of DOs to be

read.

Sample query message

(The statuses of 37 DOs in slave address 3 will be read, starting from data address 20.)

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header " None
Slave address 03H ‘0,3 03H
Function code 01H ‘0,1 01H
Start address (H) 00H ‘0, ‘0’ O00H
Start address (L) 13H ‘1, '3 13H
DO count (H) O0H ‘0,0’ 00H
DO count (L) 25H ‘2,'5 25H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 17 8
® Response

In a response message, coil status data is set in the data field, with each coil represented by one bit. Bit
1 indicates ON, while bit O indicates OFF. The LSB of the first data represents the status of the coil in
the first address. If the statuses of coils 20 to 27 are ON — ON — OFF — OFF — ON — OFF — ON — OFF,
the statuses are expressed as 01010011 (53H) in binary notation. One byte indicates eight coil statuses.
If the last data contains less than eight coils, the remaining digits are filled with O.

A sample response to the query message shown above is given below.

Sample response message

Field Sample value ASCII mod_e RT_U mode
(Hex) character string 8 bits (Hex)
Header v None
Slave address 03H ‘0,3 03H
Function code 01H ‘0,1 01H
Data byte count 05H ‘0,"'5’ 05H
Data 1 53H ‘5,3 53H
Data 2 6BH ‘6, ‘B’ 6BH
Data 3 01H ‘0,1 01H
Data 4 F4H ‘F, 4 F4H
Data 5 1BH ‘1, 'B’ 1BH
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 21 10

10
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2.2 Read Input Status (02)

® Function

Read the ON/OFF statuses of Dls (Discrete Inputs) in a slave.
This function cannot be broadcast.

® Query

In a query message, specify the DI address from which to start reading data, and number of DlIs to be

read.

Sample query message
(The statuses of 20 DlIs at DI addresses 100 to 119 in slave address 3 will be read.)

Field Sample value ASCII mod_e RT_U mode
(Hex) character string 8 bits (Hex)
Header v None
Slave address 03H ‘0,3 03H
Function code 02H ‘0, ‘2 02H
Start address (H) 00H ‘0,0 O0H
Start address (L) 64H ‘6, ‘4’ 64H
DI count (H) 00H ‘0, ‘0 O0H
DI count (L) 14H 1,4 14H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 17 8
® Response

The structure and meaning of data in a response message are the same as those explained for Read

Coil Status (01).

Sample response message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header v None
Slave address 03H ‘0,'% 03H
Function code 02H ‘0, ‘2 02H
Data byte count 03H ‘0, ‘3 03H
Data 1 53H ‘5,3 53H
Data 2 6BH ‘6, ‘B’ 6BH
Data 3 01H ‘0, 'Y 01H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 17 8

11
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2.3 Read Holding Registers (03)

® Function

Read the contents of holding registers in a slave.

This function cannot be broadcast.

® Query

In a query message, specify the holding register address from which to start reading data, and number

of holding registers to be read.

Sample query message

(The contents of three holding registers in slave address 7 will be read, starting from holding register

address 200.)

Field Sample value ASCII mod_e RT_U mode
(Hex) character string 8 bits (Hex)
Header v None
Slave address 07H ‘0,7 07H
Function code 03H ‘0,'3 03H
Start address (H) 00H ‘0, ‘0’ O00H
Start address (L) C8H ‘C, '8 C8H
Register count (H) O0H ‘0, ‘0’ O00H
Register count (L) 03H ‘0, '3 03H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 17 8
® Response

In a response message, the content corresponding to each holding address is represented by 16-bit data.

Sample response message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header None
Slave address 07H ‘0,7 07H
Function code 03H ‘0,'3 03H
Data byte count 06H ‘0, ‘6’ 06H
Data 1 (H) 00H ‘0, 'O O0H
Data 1 (L) 01H ‘0,1 01H
Data 2 (H) FFH ‘F,F FFH
Data 2 (L) FFH ‘F,F FFH
Data 3 (H) 00H ‘0, ‘0’ O0H
Data 3 (L) 0AH ‘0, ‘A’ 0AH
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes 23 11

12
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2.4 Read Input Registers (04)

® Function

Read the contents of input registers in a slave.

This function cannot be broadcast.

® Query

In a query message, specify the input register address from which to start reading data, and number of

input registers to be read.

Sample query message

(The contents of three input registers in slave address 7 will be read, starting from input register

address 200.)

Field Sample value ASCII mod_e RT_U mode
(Hex) character string 8 bits (Hex)
Header v None
Slave address 07H ‘0,7 07H
Function code 04H ‘0,4 04H
Start address (H) 00H ‘0, ‘0’ O00H
Start address (L) C8H ‘C, '8 C8H
Register count (H) O0H ‘0, ‘0’ O00H
Register count (L) 03H ‘0, '3 03H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 17 8
® Response

In a response message, the content corresponding to each input address is represented by 16-bit data.

Sample response message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header v None
Slave address 07H ‘0,7 07H
Function code 04H ‘0,4 04H
Data byte count 06H ‘0, ‘6’ 06H
Data 1 (H) 00H ‘0, 'O O0H
Data 1 (L) 01H ‘0,1 01H
Data 2 (H) FFH ‘F,F FFH
Data 2 (L) FFH ‘F,F FFH
Data 3 (H) 00H ‘0, ‘0’ O0H
Data 3 (L) 0AH ‘0, ‘A’ 0AH
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes 23 11

13
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2.5 Force Single Colil (05)

® Function

Change the status of a given DO (Discrete Output) in a slave to ON or OFF (= write ON/OFF to the
DO). If this function is broadcast, the coil at the same address will be rewritten in all slaves.

® Query

In a query message, specify the address of the coil to be changed, and the new status (ON/OFF).
When specifying the new data, use FFH and 00H to specify ON, or use 0O0H and OOH to specify OFF.
Any other data will be deemed invalid and the controller will not change the existing status.

Sample query message

(The DO at address 150 in slave address 3 will be changed to ON.)

Field Sample value ASCII mod_e RT_U mode
(Hex) character string 8 bits (Hex)
Header v None
Slave address 03H ‘0,3 03H
Function code 05H ‘0,5 05H
Start address (H) 00H ‘0, ‘0’ O00H
Start address (L) 96H ‘9, ‘6’ 96H
New data (H) FFH ‘F'F FFH
New data (L) 00H ‘0,0 00H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 17 8
® Response

A response message to be issued when the change was successful is the same as the query message.

Sample response message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header v None
Slave address 03H ‘0,'% 03H
Function code 05H ‘0,'v 05H
Start address (H) 00H ‘0, ‘0’ O00OH
Start address (L) 96H ‘9, ‘6’ 96H
New data (H) FFH ‘F,'F FFH
New data (L) 00H ‘0, ‘0’ 00H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 17 8

14
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2.6 Preset Single Register (06)

® Function

Change (write) the content of a given holding register in a slave.
If this function is broadcast, the content of the holding register at the same address will be changed in

all slaves.

® Query

Specify the address of the holding register to be changed, and the new data.
Specify the new data using 16-bit data in the data area of the query message.

Sample query message

(The content of the holding register at address 150 in slave address 3 will be changed to 1000.)

Field Sample value ASCII mod_e RT_U mode
(Hex) character string 8 bits (Hex)
Header v None
Slave address 03H ‘0,3 03H
Function code 06H ‘0, '6’ 06H
Start address (H) 00H ‘0, ‘0’ O00H
Start address (L) 96H ‘9, ‘6’ 96H
New data (H) 03H ‘0,3 03H
New data (L) E8H ‘E,’ '8 E8H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 17 8
® Response

A response message to be issued when the change was successful is the same as the query message.

Sample response message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header v None
Slave address 03H ‘0,'% 03H
Function code 06H ‘0, '6’ 06H
Start address (H) 00H ‘0, ‘0’ O00OH
Start address (L) 96H ‘9, ‘6’ 96H
New data (H) 03H ‘0, ‘3’ 03H
New data (L) E8H ‘E, '8 E8H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 17 8

15
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2.7 Read Exception Status (07)

@ Function
Read exception statuses in a slave.
This function cannot be broadcast.
The controller returns the alarm codes corresponding to alarms presently detected.

® Query
Sample query message
(Exception statuses will be read from slave address 3.)

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 bits (Hex)
Header Y None
Slave address 03H ‘0,3 03H
Function code 07H ‘0,7 07H
Error check LRC (2 characters) CRC (16 bits)
Trailer CR/LF None
Total bytes 9 4
® Response
A “successful” response will contain one byte of exception status (alarm code) data.
Sample response message
Field Sample value ASCII modg RT.U mode
(Hex) character string 8 bhits (Hex)
Header " None
Slave address 03H ‘0,'% 03H
Function code 07H ‘0,7 07H
Exception status O0H ‘0,"'0’ 00H
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes

16
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2.8 Force Multiple Coils (15)

® Function

Change the statuses of multiple successive DOs (Discrete Outputs) in a slave to ON or OFF (= write
ON/OFF to the DOs).
If this function is broadcast, the coils at the same addresses will be rewritten in all slaves.

® Query

In a query message, specify the address of the first coil to be changed, number of coils to be changed,
number of bytes corresponding to new data (status (ON/OFF) specification data), and new data.

In the new coil status data, each coil status is set by one bit. Bit 1 indicates ON, while bit O indicates
OFF. The LSB of the first data becomes the status of the coil at the first address.

If the statuses of coils 20 to 27 are ON — ON — OFF — OFF — ON — OFF — ON — OFF, the statuses are
expressed as 01010011 (53H) in binary notation. One byte indicates eight coil statuses. If the last data
contains less than eight coils, the remaining digits are filled with 0.

An example of setting the coils at addresses 20 to 30 in slave 5 as follows is given below.
Bit 11 o 1 o O O 1 O O O O o 1 o0 1
Coil 27 26 25 24 23 22 21 20 =eeeeeccccccccece 30 29 28

Sample query message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 bits (Hex)
Header N None
Slave address 05H ‘0, '5’ 05H
Function code OFH ‘0, ‘F OFH
Start address (H) 00OH ‘0, ‘0’ O0OH
Start address (L) 14H 1,4 14H
DO count (H) 00H ‘0,0’ 00H
DO count (L) 0BH ‘0, ‘B’ 0BH
Byte count 02H ‘0, ‘2 02H
New data 1 D1H ‘D, ‘1 D1H
New data 2 05H ‘0, ‘5’ 05H
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes 23 11

17
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® Response

If the change was successful, a response message that is effectively a copy of the query message,
except for the byte count and new data, will be returned.

Sample response message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 bits (Hex)
Header N None
Slave address 05H ‘0, '5’ 05H
Function code OFH ‘0, ‘F OFH
Start address (H) 00H ‘0,0 O0H
Start address (L) 14H 1,4 14H
DO count (H) 00H ‘0,0 O0H
DO count (L) 0BH ‘0, ‘B’ 0BH
Error check LRC (2 characters) CRC (16 bits)
Trailer CR/LF None
Total bytes 17 8

18
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2.9 Preset Multiple Registers (16)

® Function

Change (write) the contents of multiple successive holding registers in a slave.

If this function is broadcast, the contents of holding registers at the same addresses will be rewritten in

all slaves.

® Query

In a query message, specify the address of the first holding register to be changed, number of holding

registers to be changed, number of bytes corresponding to new data, and new data.
An example of setting the following values in the holding registers at addresses 20 to 22 in slave 5 is

given below.

Data in address 20 0164H
Data in address 21 0165H
Data in address 22 0166H

Sample query message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header v None
Slave address 05H ‘0, '5’ 05H
Function code 10H ‘1,0’ 10H
Start address (H) 00OH ‘0, ‘0’ O0OH
Start address (L) 14H 1,4 14H
Register count (H) O00H ‘0, ‘0’ 00OH
Register count (L) 03H ‘0, '3 03H
Byte count 06H ‘0, ‘6’ 06H
New data 1 (H) 01H ‘0,1 01H
New data 1 (L) 64H ‘6, ‘4’ 64H
New data 2 (H) 01H ‘0,1 01H
New data 2 (L) 65H ‘6," ‘5’ 65H
New data 3 (H) 01H ‘0,1’ 01H
New data 3 (L) 66H ‘6, ‘6’ 66H
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes 31 15

19
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® Response

If the change was successful, a response message that is effectively a copy of the query message,
except for the byte count and new data, will be returned.

Sample response message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 bits (Hex)
Header N None
Slave address 05H ‘0, '5’ 05H
Function code 10H 1,0’ 10H
Start address (H) 00H ‘0,0 O0H
Start address (L) 14H 1,4 14H
Register count (H) O0H ‘0,0 O0H
Register count (L) 03H ‘0,3 03H
Error check LRC (2 characters) CRC (16 bits)
Trailer CR/LF None
Total bytes 17 8

20
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2.10 Report Slave ID (17)

® [Function
Read the controller type, operation mode and other slave information from a slave.
This function cannot be broadcast.
With IAl's controllers, the slave ID is the same as the controller model code. Additional information
includes the controller unit code and firmware version.

The run status is indicated as either 00H (OFF) or FFH (ON). If the controller is ready for
communication, it will return ON.

® Query

Sample query message

(The slave ID will be read from slave address 3.)

Field Sample value ASCII mod_e RT_U mode
(Hex) character string 8 bits (Hex)
Header v None
Slave address 03H ‘0,3 03H
Function code 11H 1,1 11H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 9 4
® Response

A “successful” response will contain a byte count indicating the length of slave ID data.

Sample response message (When IAl's controller is used)

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header B None
Slave address 03H ‘0, '3’ 03H
Function code 11H 1,1 11H
Byte count 05H ‘0, ' 05H
Slave ID AEH ‘A E AEH
Run status FFH ‘F,‘F FFH
Controller unit code 03H ‘0, ‘3’ 03H
FW version (H) 00H ‘0, ‘0’ 00H
FW version (L) 01H ‘0, ‘1 01H
Error check LRC (2 characters) CRC (16 hits)
Trailer CRI/LF None
Total bytes 21 10

21
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2.11 Read/Write Registers (23)

@ Function
Write multiple successive holding registers in a slave, and then read the contents of holding registers.
This function cannot be broadcast.
Although the Specification (PI-MBUS-300 Rev. J) does not define whether write or read occurs first, the
basic rule for RC Series controllers is that writing of registers occurs first, followed by reading of registers.

® Query
In a query message, specify the address of the first register to be read, number of registers to be read,
address of the first register to be written, number of registers to be written, number of bytes
corresponding to data to be written, and new data.
An example of setting the following values in the holding registers at addresses 20 and 21 in slave 5, and
then reading three register values starting from address 2, is given below.
Data in address 20 0164H
Data in address 21 0165H

Sample query message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header v None
Slave address 05H ‘0, '5’ 05H
Function code 17H 1,7 17H
Read start address (H) O0OH ‘0, ‘0’ O0OH
Read start address (L) 02H ‘0, ‘2’ 02H
Read register count (H) O00OH ‘0,0’ 00H
Read register count (L) 03H ‘0, '3 03H
Write start address (H) 00H ‘0, ‘0’ O00H
Write start address (L) 14H 1,4 14H
Write register count (H) 00OH ‘0, ‘0’ O0OH
Write register count (L) 02H ‘0, ‘2’ 02H
Byte count 04H ‘0, ‘4 04H
New data 1 (H) 01H ‘0,1 01H
New data 1 (L) 64H ‘6, ‘4’ 64H
New data 2 (H) 01H ‘0,1 01H
New data 2 (L) 65H ‘6,"'5’ 65H
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes 35 17

22



I1A]T

Serial Communication (Modbus)

® Response

If the read/write was successful, the response message will return the number of bytes corresponding

to the register data read as well as the data values read.

Sample response message

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 bits (Hex)
Header N None
Slave address 05H ‘0,'5’ 05H
Function code 17H 1,7 17H
Data byte count 06H ‘0, ‘6’ 06H
Data 1 (H) 00H ‘0,0 O0H
Data 1 (L) 01H ‘0,1 01H
Data 2 (H) FFH ‘F'F FFH
Data 2 (L) FFH ‘F'F FFH
Data 3 (H) 00H ‘0,0 O0H
Data 3 (L) 0AH ‘0, ‘A’ 0AH
Error check LRC (2 characters) CRC (16 bits)
Trailer CR/LF None
Total bytes 23 11
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3. Modbus Exceptions

3.1 Exception Responses

In each query, except for a broadcast query message, the master issues a query by expecting a
“successful” response, and the applicable slave must return a response to the query. If the query was
processed successfully, the slave returns a “successful” response. If an error occurred, however, the slave
returns an exception response.

The slave responds to a query in one of the following four ways:

(1) The slave receives the query successfully, processes it successfully, and then returns a “successful”
response.

(2) The slave returns no response because the query could not be received due to a communication
error, etc. The master generates a timeout error.

(3) The slave also returns no response if the query was received but was found invalid because a parity,
CRC or LRC error was detected. In this case, the master also generates a timeout.

(4) If the query was received properly without generating errors but it cannot be processed for some
reason (such as when the applicable register does not exist), the slave returns an exception
response that contains an exception code indicating the content of exception.

The exception response consists of the slave address field, function code field, and data field. In the slave
address field, the applicable slave address is set as in the slave address field of a “successful” response.
In the function code field, the function code in the query is set, and then the MSB of this field is set to 1.
This allows the master to recognize that the message is not a “successful” response, but an exception
response. An exception code indicating the content of exception is set in the data field.
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Sample query that generates an exception response
(Sample query message using Read Input Status)

Field Sample value ASCII modg RT.U mode
(Hex) character string 8 hits (Hex)
Header v None
Slave address 03H ‘0,'% 03H
Function code 02H ‘0, ‘2 02H
Start address (H) 04H ‘0, ‘4 04H
Start address (L) AlH ‘AL AlH
DI count (H) 00OH ‘0, ‘0’ O0H
DI count (L) 14H 1,4 14H
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes 17 8

If input status 04A1H does not exist, the following exception response will be returned.

Sample exception response from a slave

Field Sample value ASCII mod_e RT_U mode
(Hex) character string 8 bits (Hex)
Header v None
Slave address 03H ‘0, '3’ 03H
Function code 82H ‘8, '2 82H
Exception code 02H ‘0, ‘2’ 02H
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes 11 5
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3.2 Exception Codes

The table below lists the exception codes that may generate in the controller, as well as the contents of
respective codes.

Code Exception code Function Remarks

(Hex)

01H |lllegal Function Invalid function The function cannot be executed
because a major error is present.

02H |lllegal Data Address Invalid data address The data address does not permit
the specified function.

03H |lllegal Data Value Invalid data The data value does not permit the
specified function.

04H | Slave Device Failure Execution not possible due to | The function cannot be executed

irremediable slave error because a major error is present.
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4. Data Structure in Internal Memory
4.1 Registers and Statuses
(1) Modbus registers
The controller can directly read and write virtual registers using the Modbus protocol. Read-only input
registers (input registers) and read/write holding registers (holding registers) are available, and these
registers are collectively referred to as “Modbus registers.” The functions used with Modbus registers
are listed in the table below.
As for the handling of values, internally Modbus registers are defined as registers handling two words
consisting of 32 bits. The Modbus Specification does not define the endian (arrangement of the upper
word and lower word) for this 2-word data. However, RC Series controllers adopt the big endian
method (the upper word occupies the lower addresses, while the lower word occupies the upper
addresses).
(2) Modbus statuses
As explained in (1), the bit access (coil) fields mapped in virtual registers can be read and written
directly using the Modbus protocol.
There are read-only discrete inputs (input statuses) and read/write coils (coil statuses), and these are
collectively referred to as “Modbus statuses.” The functions used with Modbus statuses are listed in
the table below.
: Function
Register Code Name Description
Modbus | Input Register Read | 04H | Read Input Registers Read input registers
register
03H | Read Holding Registers | Read holding registers
Holding Register | Read
/ 06H | Preset Single Registers | Write holding registers
write
10H | Preset Multiple Registers | Write multiple holding
registers at once
S 17H | Read/Write Registers Read/write registers
1)
g” Modbus | Input Status Read | 01H | Read Coil Status Read coils/DOs
E status
£ 02H | Read Input Status Read input statuses/Dls
>
Coil Status Read | 01H | Read Coil Status Read coils/DOs
/
write | 02H | Read Input Status Read input statuses/Dls
05H | Force Single Caoll Write a single coil/DO
OFH | Force Multiple Coils Write multiple coils/DOs
at once

Note 1: 03H and 04H are the same and interchangeable.
Note 2: 01H and 02H are the same and interchangeable.
Note 3: An attempt to write a read-only input register or input status will generate an exception (address error).
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4.2 Register Address Map

Registers are assigned according to the map shown below.

0000H (Reserved)
0DOOH
§ /0 control information registers
g
0DO3H
(Reserved)
T1000H
S Position table information
(low-speed memory area)
3FFFH
(Reserved)
9000H
§ Controller monitor information registers
9013H
(Reserved)
G800H Position command registers
(Reserved)
9900H
$ Numerical command registers
g
9908H
FEFEH (Reserved)
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4.3 Status Address Map

Statuses are assigned according to the map shown below.

0000H

0100H
§
010FH
0110H
§
0T1FH
0120H
§
012FH
0130H
§
013FH
0140H
§
014FH
0150H
§
015FH
0160H
§
016FH
0170H
§
017FH

0400H

0A0FH
0410H

041FH
04201

042FH
04301

043FH

FFFFH

(Reserved)

Device status register 1
[DSS1]

Device status register 2
[DSS2]

Expansion device status register
[DSSE]

Position number status register
[POSS]

Zone status register
[ZONS]

Input port monitor register
[DIPM]

Output port monitor register
[DOPM]

Special input port register
[SIPM]

(Reserved)

Device control register 1
[DRG1]

Device control register 2
[DRG2]

Expansion device control register
[DRGE]

Position number specification register
[POSR]

(Reserved)
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These registers indicate the various conditions of the controller.

Serial Communication (Modbus)

Address | Symbol Name Sign Size | RIW Unit
9000 PNOW | Current absolute position counter position Signed 32 R [0.01 mm
9002 ALMC |Present alarm code Unsigned | 16 R
9003 DIPM | Input port monitor register Unsigned | 16 R
9004 DOPM | Output port monitor register Unsigned | 16 R
9005 DSS1 |Device status register 1 Unsigned | 16 R
9006 DSS2 |Device status register 2 Unsigned | 16 R
9007 DSSE |Expansion device status register Unsigned | 16 R
9008 STAT | System status Unsigned | 32 R
900A VNOW | Current speed monitor Signed 32 R ]0.01 mm/sec
900C CNOW | Current ampere monitor Signed 32 R |mA
900E DEVI |Deviation monitor Signed 32 R |pulse
9010 STIM | System timer Unsigned | 32 R |msec
9012 SIPM | Special input port monitor Unsigned | 16 R
9013 ZONS | Zone status register Unsigned | 16 R
9014 POSS |Position number status register Unsigned | 16 R
9016 PNWP | Current position monitor (pulses) Unsigned | 32 R
9018 VNWP | Current speed monitor (pulses) Unsigned | 32 R
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4.4.1  Current Position Monitor (PNOW) (9000H)

This register is an absolute coordinate position counter that indicates the current position. It counts
position feedback pulses and constantly refreshes the count. This register stores the pulses indicated by
the driver after converting them to a value in units of 0.01 mm.

4.4.2 Present Alarm Code (ALMC) (9002H)

This register indicates whether the controller is normal or any alarm is present. If the controller has no
alarm, OOH is stored.
For details on alarm codes, refer to the operation manual that comes with each controller.

4.4.3  Input Port Monitor Register (DIPM) (9003H)

This register stores the DI input values directly regardless of the PI1O pattern. Take note, however, that the
values stored are those after the hardware filter delay and software filter delay.
The number of input bits varies depending on the controller model.

4.4.4  Output Monitor Register (DOPM) (9004H)

This register stores the DO output values assigned to output ports in accordance with the applicable PIO
pattern.
The number of output bits varies depending on the controller model.
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4.4.5

Device Status Register 1 (DSS1) (9005H)

This register indicates the internal statuses of the controller. It can also be referenced based on bit access
addresses corresponding to applicable Modbus statuses. The details of bits are explained below.

Bit Status Symbol Name Function
address
15 0100 EMGS | EMG status 0: Emergency stop not actuated
1: Emergency stop actuated
This bit indicates whether or not the controller is
currently in the emergency stop mode due to an
emergency stop input, cutoff of the drive source, etc.
14 0101 SFTY | Safety speed 0: Safety status disabled
enabled status 1: Safety status enabled
This bit indicates whether the safety speed of the
controls is enabled or disabled by the “Safety speed
command bit” in device control register 1.
13 0102 PWR | Controller ready 0: Controller busy
status 1: Controller ready
This bit indicates whether or not the controller can
be controlled externally. Normally this bit does not
become 0 (busy).
12 0103 SV Servo ON status 0: Servo OFF
1: Servo ON
This bit indicates the ON status of the actual servo.
This bit will remain O after a servo ON command is
received until the time specified by the “Servo ON
delay time” parameter elapses. If the servo cannot
be turned ON for some reason after a servo ON
command is received, this bit will remain O.
The controller does not accept any movement
command while this bit is 0.
11 0104 PSFL | Missed work in push- | 0: Normal
motion operation 1: Missed work in push-motion operation
This bit will be output when the actuator reaches the
push-motion band in accordance with a push-motion
operation command.
Normal operation commands do not change this bit.
10 0105 ALMH | Major failure status 0: Normal
1: Major failure alarm present
This bit will turn 1 if any alarm generates that inhibits
continuation of operation.
Alarms of this type can be reset using an alarm reset
command, but some alarms cannot be reset with a
reset command.
9 0106 ALML | Minor failure status 0: Normal
1: Minor failure alarm present
This bit will turn 1 if a minor failure generates that
permits continuation of operation.
8 0107 ABER | Absolute error status | 0: Normal
1: Absolute error present
This bit indicates, on a model equipped with an
absolute encoder, that an error relating to the
absolute encoder has generated.
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Bit

Status
address

Symbol

Name

Function

0108

BKRL

Brake forced-release
status

0: Brake actuated

1: Brake released

This bit indicates the status of brake operation.
Normally the bit remains 1 while the servo is ON.
Even when the servo is OFF, changing the “brake
forced-release command bit” in device control
register 1 to 1 will change this bit to 1.

0109

TRQM

Torque limited

0: Normal
1: Torque limited

010A

STP

Pause status

0: Normal

1: Pause command active

This bit indicates the read-back status of a pause
command, not a pause condition during movement.

010B

HEND

Homing
completion status

0: Homing not yet complete

1: Homing complete

This bit indicates the homing completion status.
Normally this bit is 0 when the controller is started.
On a model equipped with an absolute encoder, the
bit is 1 when the controller is started, if an absolute
reset has already completed.

If an absolute position command is issued while this
bit is 0, an alarm will generate.

010C

PEND

Positioning
completion status

0: Positioning not yet complete

1: Positioning complete

This bit will turn 1 when the actuator reaches the
target position and enter the in-position band. When
the servo is turned OFF and then ON again, the
current position will become the target position, and
therefore this bit will become 1. This bit will also turn
1 when the push-motion judgment signal turns ON
during push-motion operation.

010D

Reserved

[

010E

Reserved

010F

Reserved
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4.4.6 Device Status Register 2 (DSS2) (9006H)

This register indicates the internal statuses of the controller. It can also be referenced based on bit access
addresses corresponding to applicable Modbus statuses. The details of bits are explained below.

Bit Status Symbol Name Function
address

15 0110 ENBS | Enable status 0: Disabled
1: Enabled
This bit indicates the status of the enable-switch
installed tool connected to a model equipped with an
enable function. On a model equipped with an
operation mode switch, this bit is always 1 while the
AUTO mode is selected.
This bit is always 1 on a model not equipped with an
enable function.

14 0111 Reserved

13 0112 LOAD | Load output 0: Normal

judgment status 1: Load output judgment

If a load current threshold or check range (individual
zone boundaries) is set when a movement
command is issued, this bit indicates whether or not
the motor current has reached the threshold inside
the check range.

The status of this bit is held, which means that after
switching, the new bit status will be held until the
next command is received.

12 0113 TRQS | Torque level status 0: Normal

1: Torque level achieved

If a load current threshold is set when a movement
command is issued, this bit indicates whether or not
the motor current has reached the threshold.

Since this bit indicates a level, its status will change
when the current level changes.

11 0114 MODS | Teaching mode 0: Normal operation mode

status 1: Teaching mode

This bit indicates whether the controller has
switched to the teaching mode in accordance with
the “teaching mode command bit” in device control

register 2.
10 0115 TEAC | Position-data load 0: Normal
command status 1: Position data load complete

Setting the “position-data load command bit” in
device control register 2 to 1 will change this bit to 0.
This bit will turn 1 once position data has been
written to the EEPROM successfully.
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Bit Status Symbol Name Function
address
9 0116 JOG+ | Jog+ status 0: Normal
1: Jog+ command active
This bit indicates the read-back status of the “jog+
command bit” in device control register 2.
8 0117 JOG- | Jog- status 0: Normal
1: Jog- command active
This bit indicates the read-back status of the “jog-
command bit” in device control register 2.
7 0118 PE7 Completed position 7 | Each bit indicates a completed position.
6 0119 PE6 Completed position 6 | When the actuator moves to the target position and
5 011A PE5 Completed position 5 | enters the in-position band as a result of positioning
4 011B PE4 Completed position 4 | operation initiated by a positioning command, the
3 011C PE3 Completed position 3 | applicable bit will turn 1. Although the bit that has
2 011D PE2 Completed position 2 | turned 1 will change to 0 once the servo turns OFF,
1 011E PE1 | Completed position 1 | the bit will turn 1 again if the actuator is still inside
0 011F PEO Completed position 0 the in-position band of the applicable command

position data when the servo is turned ON
subsequently.

This bit will also turn 1 if the push judgment signal
turns ON, or the actuator misses the work, during
push-motion operation.
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4.4.7 Expansion Device Status Register (DSSE) (9007H)

This register indicates the internal statuses of the controller. It can also be referenced based on bit access
addresses corresponding to applicable Modbus statuses. The details of bits are explained below.

Bit Status Symbol Name Function
address
15 0120 EMGP | Emergency stop 0: Emergency stop input OFF
status 1: Emergency stop input ON
This bit indicates the status of the dedicated
emergency stop port.
14 0121 MPUV | Motor voltage low 0: Normal
status 1: Motor drive source cut off
This bit will turn 1 when the motor drive-source
cutoff terminal is released, upon which the controller
will switch to the emergency stop mode.
13 0122 RMDS | Operation mode 0: AUTO mode
status 1: MANU mode
This bit is 1 (MANU) when the operation mode
switch is set to MANU on a model equipped with an
operation mode switch or the “operation mode bit” in
the expansion device control register is set to
MANU. It will become 0 (AUTO) only when both the
operation mode switch and operation mode bit are
setto AUTO.
On a model not equipped with an operation mode
switch, this bit is always 1 (MANU).
12 0123 Reserved
11 0124 GHMS | Homing status 0: Normal
1: Homing
This bit remains 1 while homing is in progress
following a homing command. When the homing is
completed or interrupted in the middle, this bit will
turn 0.
10 0125 PUSH | Push-motion 0: Normal
operation in progress | 1: Push-motion operation in progress
This bit remains 1 while push-motion operation is in
progress (the actuator is inside the push-motion
range, excluding the approach range) following a
push-motion operation command. This bit will turn 0
in any of the following conditions:
1. The actuator has missed the work.
2. The actuator has paused.
3. The next movement command has been issued.
4. The servo has turned OFF.
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Bit Status Symbol Name Function
address
9 0126 PSNS | Excitation detection 0: Excitation detection not yet complete
status 1: Excitation detection complete
PCON Series controllers perform excitation
detection at the first servo ON command received
after the controller has started. This bit remains O if
the excitation detection has failed. Even after a
successful detection, the bit will return to 0 when a
software reset is performed.
ACON Series controllers perform pole sensing at the
first servo ON command received after the controller
has started.
On SCON Series controllers, this bit is always 0.
8 0127 PMSS | PIO/Modbus 0: PIO commands enabled
switching status 1: PIO command disabled
This bit indicates the read-back status of the
“PlIO/Modbus switching specification bit” in the
expansion device control register.
7 0128 Reserved
6 0129 POSW | Position-data static 0: Writing
memory write 1: Writing complete
completion status This bit will turn 0 when a position-data write
command is issued via the “position-data static
memory write command bit” in the expansion device
control register. Once the writing is completed, the
bit will turn 1. This bit is 1 when the controller is first
started.
5 012A MOVE | Moving signal 0: Stopped
1: Moving
This bit indicates whether or not the actuator is
moving (conditions during homing and push-motion
operation included). This bit remains 0 while the
actuator is paused.
4 012B Reserved
3 012C Reserved
2 012D Reserved
1 012E Reserved
0 012F Reserved
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4.4.8 System Status (STAT) (9008H)

The internal operating statuses of the controller are indicated by the bit patterns shown below. The bits
whose details are not explained are reserved.

Bit | Symbol Name Function

17 | ASOF | Auto servo OFF 0: Normal

1: Auto servo OFF

If the “Auto servo OFF delay time” parameter is set, this bit will
turn 1 when the servo is turned OFF automatically after elapse
of the specified time following the completion of positioning.

16 | AEEP | EEPROM accessed 0: Normal

1: EEPROM being accessed

This bit will turn 1 when the controller accesses the EEPROM
to read or write the parameter position table, etc.

The bit will turn 0 when the access is completed or a timeout
error occurs.

4 RMDS | Operation mode 0: AUTO mode

status 1: MANU mode

This bit is 1 (MANU) when the operation mode switch is set to
MANU on a model equipped with an operation mode switch or
the “operation mode bit” in the expansion device control
register is set to MANU. It will become 0 (AUTO) only when
both the operation mode switch and operation mode bit are set
to AUTO.

On a model not equipped with an operation mode switch, this
bit is always 1 (MANU).

3 HEND | Homing completion 0: Homing not yet complete

status 1: Homing complete

This bit indicates the homing completion status. Normally this
bit is 0 when the controller is started. On a model equipped
with an absolute encoder, the bit is 1 when the controller is
started, if an absolute reset has already completed.

If an absolute position command is issued while this bit is 0, an
alarm will generate.

2 SV Servo status 0: Servo OFF

1: Servo ON

This bit indicates the ON status of the actual servo. This bit will
remain O after a servo ON command is received until the time
specified by the “Servo ON delay time” parameter elapses. If
the servo cannot be turned ON for some reason after a servo
ON command is received, this bit will remain 0.

The controller does not accept any movement command while

this bit is 0.
1 SON Servo command 0: Servo OFF
status 1: Servo ON

This bit indicates the servo ON/JOFF command status.

This bit will turn 1 when the following conditions are met:

e The EMG status bit in device status register 1 is 0.

e The major failure status bit in device status register 1 is 0.

e The enable status bit in device status register 2 is 1.

e The auto servo OFF status in the system status register is 0.

0 MPOW | Drive source ON 0: Drive source cut off

1: Normal

This bit will turn 0 when the motor drive-source cutoff terminal
is released.
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4.4.9 Current Speed Monitor (VNOW) (900AH)

This register monitors the actual motor speed based on encoder feedback. The value becomes positive or
negative depending on the operating direction of the motor. The value of this register is indicated in units
of 0.01 mm/sec.

4.4.10 Current Ampere Monitor (CNOW) (900CH)

This register indicates the monitored data of motor current in mA. It stores the torque current command
value.

4.4.11 Deviation Monitor (DEVI) (900EH)

This register stores the deviation over a 1-ms period between the position command value and the
feedback value (actual position), in pulses. The number of pulses per one motor revolution in mechanical
angle varies depending on the encoder used.

4.4.12 System Timer (STIM) (9010H)

The indicated status corresponds to the total time since the control power was turned on unit: msec.
This system timer is not cleared after a software reset.
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4.4.13 Special Input Port Monitor Register (SIPM) (9012H)

This register can be used to monitor input ports other than normal DI inputs. It can also be referenced
based on bit access addresses corresponding to applicable Modbus statuses. The details of bits are

explained below.

Bit Status Symbol Name Function
address
15 0170 Reserved
14 0171 NP Command pulse NP | This bit indicates the status of the command pulse
signal status NP signal.
13 0172 Reserved
12 0173 PP Command pulse PP | This bit indicates the status of the command pulse
signal status PP signal.
11 0174 Reserved
10 0175 Reserved
9 0176 PTSW | Port switch monitor 0: OFF
1: ON
On a model equipped with a port switch, this bit
indicates the status of this switch. On a model
equipped with a SIO-connector installation/removal
detection function, this bit indicates the
installation/removal status of a tool. This bit is
always 0 on any other model.
8 0177 MDSW | Mode switch status 0: AUTO mode
1: MANU mode
On a model equipped with an operation mode
switch, this bit indicates the status of this switch. It is
always 1 on any other model.
7 0178 ENBL | Enable switch 0: DISABLE
monitor 1. ENABLE
On a model equipped with an enable function, this
bit indicates the status of this switch if an enable-
switch installed tool is connected. It is always 1 on
any other model.
6 0179 Reserved
5 017A Reserved
4 017B Reserved
3 017C HMCK | Home-check sensor | 0: Sensor OFF
monitor 1: Sensor ON
On a model equipped with a home-check sensor
function, this bit indicates the status of sensor input.
It is always 0 on any other model.
2 017D oT Overtravel sensor 0: Sensor OFF
1: Sensor ON
This bit indicates the status of the overtravel sensor
signal in the encoder connector. It is always 0 on a
model not equipped with an overtravel sensor.
1 017E CREP | Creep sensor 0: Sensor OFF
1: Sensor ON
This bit indicates the status of the creep sensor
signal in the encoder connector. It is always 0 on a
model not equipped with a creep sensor.
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Bit

Status
address

Symbol

Name

Function

017F

LS

Limit sensor

0: Sensor OFF

1: Sensor ON

This bit indicates the status of the limit sensor signal
in the encoder connector. It is always 0 on a model
not equipped with a limit sensor.
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4.4.14 Zone Status Register (ZONS) (9013H)

This register can be used to monitor zone output statuses. It can also be referenced based on bit access
addresses corresponding to applicable Modbus statuses. The details of bits are explained below.

Bit

Status
address

Symbol

Name

Function

15

0140

Reserved

14

0141

LS2

Limit sensor
output monitor 2

0: Out of range

1: In range

The position away from the target position for
position No. 2 by the in-position band in the negative
direction represents the negative boundary, while
the position away from the target position by the in-
position band in the positive direction represents the
negative boundary. This bit remains 1 while the
current position is within these boundaries.

This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.

13

0142

LS1

Limit sensor
output monitor 1

0: Out of range

1: In range

The position away from the target position for
position No. 1 by the in-position band in the negative
direction represents the negative boundary, while
the position away from the target position by the in-
position band in the positive direction represents the
negative boundary. This bit remains 1 while the
current position is within these boundaries.

This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.

12

0143

LSO

Limit sensor
output monitor 0

0: Out of range

1: In range

The position away from the target position for
position No. 0 by the in-position band in the negative
direction represents the negative boundary, while
the position away from the target position by the in-
position band in the positive direction represents the
negative boundary. This bit remains 1 while the
current position is within these boundaries.

This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.

11

0144

Reserved

10

0145

Reserved

0146

Reserved
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Bit Status Symbol Name Function
address
8 0147 ZP Position zone output | O: Out of range
monitor 1: Inrange

If individual zone boundaries are set for a position
command, this bit remains 1 while the current
position is within the specified boundaries.
This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.
The zone will be reset when the next movement
command is issued.

7 0148 Reserved

6 0149 Reserved

5 014A Reserved

4 014B Reserved

3 014C Reserved

2 014D Reserved

1 014E Z2 Zone output monitor 2 | 0: Out of range
1: In range
If the zone boundary 2 parameters are set, this bit
remains 1 while the current position is within the
specified boundaries.
This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.

0 014F Z1 Zone output monitor 1 | 0: Out of range

1: In range

If the zone boundary 1 parameters are set, this bit
remains 1 while the current position is within the
specified boundaries.

This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.
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4.4.15 Position Number Status Register (POSS) (9014H)

This register can be used to monitor the completed position number. It can also be referenced based on bit
access addresses corresponding to applicable Modbus statuses. The details of bits are explained below.

Bit Status Symbol Name Function
address

15 0130 Reserved

14 0131 Reserved

13 0132 Reserved

12 0133 Reserved

11 0134 Reserved

10 0135 Reserved

9 0136 Reserved

8 0137 PM256 | Completed position These bits indicate completed positions in binary
number status bit 256 | codes.

7 0138 PM128 | Completed position When the actuator moves to the target position and
number status bit 128 | enters the in-position band as a result of a

6 0139 PM64 | Completed position positioning command, the applicable bit will turn 1.
number status bit 64 | Although the bit that has turned 1 will change to 0

5 013A PM32 | Completed position once the servo turns OFF, the bit will turn 1 again if
number status bit 32 | the actuator is still inside the in-position band of the

4 013B PM16 | Completed position applicable command position data when the servo is
number status bit 16 | turned ON subsequently.

3 013C PM8 | Completed position These bits will also turn 1 if the push judgment
number status bit 8 signal turns ON, or the actuator misses the work,

2 | 013D | PM4 | Completed position | during push-motion operation.
number status bit 4

1 013E PM2 | Completed position
number status bit 2

0 013F PM1 | Completed position
number status bit 1

4.4.16 Current Position Monitor [Pulses] (PNWP) (9016H)

This register is an absolute coordinate position counter of a resolution corresponding to the encoder
division unit, and indicates the current motor position. It counts position feedback pulses and constantly
refreshes the count. This register directly stores the pulses indicated by the driver.

4.4.17 Current Speed Monitor [Pulses] (VNWP) (9018H)

This register monitors the actual motor speed based on encoder feedback. It stores the motor speed
indicated by the driver after converting it to a value in units of pulses/sec.
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4.5 Data Structures of Position Command Registers

These registers are used to execute position commands via position number specification.

Address | Symbol Name Sign Size | RIW Unit

9800 POSR |Position movement command register Unsigned | 16 | R/W

To move the actuator via position number specification, write applicable data in the position movement
command register (POSR). The actuator will start moving the moment this register is written, so there is
no need to operate the positioning start specification bit (CSTR) in the device control register.

If a command is issued when the actuator has not yet completed homing, the actuator will complete
homing first, and then start moving to the specified position.

The maximum position number that can be specified varies depending on the controller model and the
PIO pattern currently specified.
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4.6 Data Structures of Numerical Command Registers

These registers are used to move the actuator by numerically specifying the target position, speed,
acceleration/deceleration, etc.

Address | Symbol Name Sign Size | RIW Unit
9900 PCMD | Target position specification register Signed 32 | R/W |0.01 mm
9902 INP | In-position band specification register Unsigned | 32 | R/W |0.01 mm
9904 VCMD | Speed specification register Unsigned | 32 | R/W |0.01 mm/sec

9906 ACMD | Acceleration/deceleration specification register | Unsigned | 16 | R/W |0.01 G

9907 PPOW | Push-current limiting value specification register | Unsigned | 16 | R/IW

9908 CTLF |Control flag specification register Unsigned | 16 | R/W

4.6.1 Target Position Coordinate Specification Register (PCMD) (9900H)

This register specifies the target position in PTP positioning operation using absolute coordinates. The
value of this register is set in units of 0.01 mm in a range of —999999 to 999999. When a position is
specified using absolute coordinates and the specified value exceeds the soft limit set by a parameter, an
alarm will generate the moment a movement start command is issued. The actuator will start moving when
the lower word of this register is rewritten. In other words, a numerical movement command can be issued
simply by writing a target position in this register.

To specify a speed, etc., at the same time, rewrite the necessary number of registers in one message
using the Modbus function Preset Multiple Registers, etc.

4.6.2 In-position Band Specification Register (INP) (9902H)

This register is used in two different ways depending on the type of operation.

In normal positioning operation, it specifies the allowable difference between the target position and
current position to be used in the detection of positioning completion. In push-motion operation, it specifies
the push-motion band. The value of this register is set in units of 0.01 mm in a range of 0 to 999999.
Whether the normal operation or push-motion operation is specified by the applicable bit in the control flag
specification register as explained later.

Changing this register alone will not start actuator movement.

4.6.3 Speed Specification Register (VCMD) (9904H)

This register specifies the moving speed. The value of this register is set in units of 0.01 mm/sec in a
range of 0 to 999999. If the specified value exceeds the maximum speed set by a parameter, an alarm will
generate the moment a movement start command is issued.

The actuator will start moving when the lower word of this register is rewritten. In other words, the speed
can be changed while the actuator is moving, simply by rewriting this register.

4.6.4  Acceleration/Deceleration Specification Register (ACMD) (9906H)

This register specifies the acceleration or deceleration. The value of this register is set in units of 0.01 G in
a range of 0 to 300. If the specified value exceeds the maximum acceleration or deceleration set by a
parameter, an alarm will generate the moment a movement start command is issued.

The actuator will start moving when this register is rewritten. In other words, the acceleration/deceleration
can be changed while the actuator is moving, simply by rewriting this register.
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4.6.5 Push-current Limiting Value (PPOW) (9907H)

This register sets the current limit during push-motion operation. The current limiting value is set as one of
256 levels, with FFH representing the maximum current. Due to the actuator limitations, the push-current
limiting value should be set in range of 20% to 70% (33H to B3H).

The actuator will start moving when this register is rewritten. In other words, the current limiting value can
be changed during push-motion operation simply by rewriting this register.

4.6.6 Control Flag Specification Register (CTLF) (9908H)

This parameter consists of the following bit pattern that sets the respective operations.
This register will be overwritten by the default parameter value once the actuator starts moving.

0: Normal operation

1: Push-motion operation

0: The direction of push-motion operation after completion of approach is defined as the forward
direction.

1: The direction of push-motion operation after completion of approach is defined as the reverse
direction.
This bit is used to calculate the direction of final stop position from PCMD. If this bit is set
incorrectly, therefore, the target position will deviate from the specified position by a distance
corresponding to “2 x INP,” as shown below.
If bit 1 is set to 0, the setting of this bit is invalid.

T
Y
- . INP INP\ INP
o . I( )|( ¢ >)
o A Y
n .
1Y
tEEEEEE.
]
1
I I
Start position A B PCMD C

Direction of push-motion operation

Bit 3 = 0: Normal operation
1: Incremental operation
Setting this bit to 1 will enable incremental operation.
In incremental operation, the actuator behaves differently between normal operation and push-
motion operation (CTLF bit 1).
While the travel is calculated with respect to the target position (PCMD) in normal operation, it
is calculated relative to the current position in push-motion operation (when bit 1 = 1).

Here, since relative coordinate calculation involves adding up pulses in mm, followed by
conversion, unlike a calculation method involving addition after pulse conversion, “repeated
relative movements will not cause position deviation as a result of cumulative errors
corresponding to fraction pulses that are not divisible with certain lead settings”.

* All bits whose details are not explained are reserved.
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4.7 Data Structures of Position Table Information Registers

These registers indicate position data and are located in the low-speed memory area. Each time a register
of this category is accessed, the applicable member data will be read from the EEPROM in units of
position data. When a positioning command is issued, the data of the applicable position number will be
transferred to each position command information register, and then specified to the driver. Member data
is rewritable, and will be stored in the EEPROM when written to a register of this category.

The address of each member can be calculated using the formula below:
1000H + (16 x Position number) + Address (Offset)

* The maximum position number varies depending on the controller model and the PIO pattern currently

specified.

Address | Symbol Name Sign Size | RIW Unit
+0000 PCMD |Target position Signed 32 | R/'W |0.01 mm
+0002 INP In-position band Unsigned | 32 | R/W [0.01 mm
+0004 VCMD |Speed command Unsigned | 32 | R/W |0.01 mm/sec
+0006 ZNMP |Individual zone boundary + Signed 32 | R/'W |0.01 mm
+0008 ZNLP |Individual zone boundary - Signed 32 | R/'W |0.01 mm
+000A ACMD | Acceleration command Unsigned | 16 | R/W |0.01 G
+000B DCMD |Deceleration command Unsigned | 16 | R/W |0.01G
+000C PPOW |Push-current limiting value Unsigned | 16 | R/IW
+000D LPOW |Load current threshold Unsigned | 16 | RIW
+000E CTLF |Control flag specification Unsigned | 16 | R/W

* Addresses starting with “+” indicate offsets.

4.7.1  Target Position (PCMD)

This register specifies the target position using absolute coordinates or by an incremental distance. The
value of this register is set in units of 0.01 mm in a range of —999999 to 999999. When a position is
specified using absolute coordinates and the specified value exceeds the soft limit set by a parameter, an
alarm will generate the moment a movement start command is issued. Specify whether to use absolute
coordinates or incremental distance using the applicable bit in the control flag specification register as
explained later.

4.7.2 In-position Band Specification Register (INP)

This register is used in two different ways depending on the type of operation.

In normal positioning operation, it specifies the allowable difference between the target position and
current position to be used in the detection of positioning completion. In push-motion operation, it specifies
the push-motion band. The value of this register is set in units of 0.01 mm in a range of 0 to 999999.
Whether the normal operation or push-motion operation is specified by the applicable bit in the control flag
specification register as explained later.

4.7.3 Speed Specification Register (VCMD)

This register specifies the moving speed in positioning. The value of this register is set in units of 0.01
mm/sec in a range of 0 to 999999. If the specified value exceeds the maximum speed set by a parameter,
an alarm will generate the moment a movement start command is issued.
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4.7.4  Individual Zone Boundaries + (ZNMP, ZNLP)

These registers output zone signals that are effective only during positioning, separately from the zone
boundaries set by parameters.

Set in ZNMP the positive zone signal output boundary expressed using absolute coordinates, and set the
negative zone signal output boundary in ZNLP. The corresponding bit in the zone register remains ON
while the current position is within these positive and negative boundaries. The value of this register is set
in units of 0.01 mm, and in a range of —999999 to 999999 for both registers. However, ZNMP must be
greater than ZNLP.

Set the same value in both ZNMP and ZNLP to disable the individual zone output.

4.7.5  Acceleration Specification Register (ACMD)

This register specifies the acceleration during positioning. The value of this register is set in units of 0.01
G in arange of 0 to 300. If the specified value exceeds the maximum acceleration set by a parameter, an
alarm will generate the moment a movement start command is issued.

4.7.6  Deceleration Specification Register (DCMD)

This register specifies the deceleration during positioning. The value of this register is set in units of 0.01
G in a range of 0 to 300. If the specified value exceeds the maximum deceleration set by a parameter, an
alarm will generate the moment a movement start command is issued.

4.7.7  Push-current Limiting Value (PPOW)

Set the current limit in push-motion operation in PPOW. The current limiting value is set as one of 256
levels, with FFH representing the maximum current. Due to the actuator limitations, the push-current
limiting value should be set in range of 20% to 70% (33H to B3H).

4.7.8 Load Output Current Threshold (LPOW)

To perform load output judgment, set the current threshold in LPOW. Set a desired value as one of 256
levels, with FFH representing the maximum current. If load output judgment is not performed, set 0.

4.7.9 Control Flag Specification Register (CTLF)
This parameter consists of the following bit pattern that sets the respective operations.

Bit 1 = 0: Normal operation
1: Push-motion operation
Bit 2 = 0: The direction of push-motion operation after completion of approach operation represents the

forward direction.
1: The direction of push-motion operation after completion of approach operation represents the
reverse direction.

Bit 3= 0: Normal operation
1: Incremental operation

* All bits whose details are not explained are reserved.
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4.8 Data Structures of I/O Control Information Registers

Address | Symbol Name

Sign Size | RIW Unit

0D00 DRG1 |Device control register 1

Unsigned | 16 | RIW

0D01 DRG2 |Device control register 2

Unsigned | 16 | RIW

0D02 DRGE | Expansion device control register Unsigned | 16 R

0D03 POSR | Position number specification register Unsigned | 16 | R/W

4.8.1 Device Control Register 1 (DRG1) (ODOOH)

These bits are used for control commands. The bits in this register are assigned to input ports in
accordance with the P10 pattern when the “P1O/Modbus switching status (PMSS)” bit in the expansion
device status register is 0 (Enable PIO commands). This register can also be rewritten/referenced based
on bit access addresses corresponding to applicable Modbus statuses. The details of bits are explained

below.

Coll

Bit address Symbol Name

Function

15 0400 EMG | EMG operation
specification

0: Emergency stop not actuated

1: Emergency stop actuated

Changing this bit to 1 will switch the controller to the
emergency stop mode. Take note that the drive
source will not be cut off.

(The ALM LED on the controller will not illuminate.)

14 0401 SFTY | Safety speed
command

0: Disable safety speed

1: Enable safety speed

Changing this bit to 1 will limit the speeds of all
movement commands to the speed specified by the
“Safety speed” parameter.

13 0402 RSV | Reserved

12 0403 SON Servo ON command

0: Servo OFF

1: Servo ON

Changing this bit to 1 will turn the servo ON after

elapse of the time specified by the “Servo ON delay

time” parameter. However, the following conditions

must be satisfied:

e The EMG status bit in device status register 1 is 0.

e The major failure status bit in device status
register 1 is 0.

e The enable status bit in device status register 2 is
1.

e The auto servo OFF status in the system status
register is 0.

0404 RSV Reserved

0405 RSV Reserved

0406 RSV Reserved

P PN
® O

0407 ALRS | Alarm reset
command

0: Normal

1: Execute alarm reset

Present alarms will be reset upon detection of the 0
— 1 edge of this bit. If any alarm remains
unresolved (its cause has not been removed), the
same alarm will generate again.

If this command is detected while the actuator is
paused, the remaining travel will be cancelled.
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Bit

Coll
address

Symbol

Name

Function

0408

BKRL

Brake forced-
release command

0: Normal

1: Forcibly release brake

Brake control is linked to servo ON/OFF. However,
changing this bit to 1 will forcibly release the brake even
when the servo is ON.

0409

RSV

Reserved

040A

STP

Pause command

0: Normal

1: Pause command

All motor movement is inhibited while this bit is 1. If this
bit turns 1 while the actuator is moving, the actuator will
decelerate to a stop. When the bit is set to 0 again
thereafter, the actuator will resume the remaining travel.
If the alarm reset command bit is set while the actuator
is paused, the remaining travel will be cancelled.

The current limiting value during pause corresponds to
the value set by the positioning-current limiting value
(DPOW) parameter during normal positioning operation
or during approach operation as part of push-motion
operation. (*1) During push-motion operation inside the
push range, the push-current limiting value (PPOW) is
used.

If this bit is set during homing, the movement command
will be held if the actuator has not yet reversed after
contacting the mechanical end. If the actuator has
already reversed after contacting the mechanical end,
homing will be repeated from the beginning.

040B

HOME

Homing
command

0: Normal

1: Homing command

Homing will start upon detection of the 0 — 1 edge of
this bit. Once the homing is completed, the HEND bit will
turn 1. This bit can be input as many times as desired
even after homing has been completed once.

040C

CSTR

Positioning start
command

0: Normal

1: Position start command

Upon detection of the 0 — 1 edge of this bit, the target
position number will be read by the position number
specification register and the actuator will move to the
target position of the corresponding position data. If this
bit remains 1, a completed position will not be output
even when the actuator enters the in-position band.

If this command is executed when homing has never
been performed after the power was turned on (when
the HEND bit is 0), the actuator will perform homing and
then start moving to the target position. The target
position, speed and other operation parameters must be
already set in the position table (nonvolatile memory) of
the controller before this command is issued.

2

040D

RSV

Reserved

1

040E

RSV

Reserved

0

040F

RSV

Reserved

*1 On PCON and ERC2 controllers, the current limiting value during pause corresponds to the standstill-
current limiting value (SPOW) if the stationary mode is set to a value other than 4 (full servo control).
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Device Control Register 2 (DRG2) (0D01H)

These hits are used for control commands. The bits in this register are assigned to input ports in
accordance with the PIO pattern when the “PIO/Modbus switching status (PMSS)” bit in the expansion
device status register is 0 (Enable PIO commands). This register can also be rewritten/referenced based
on bit access addresses corresponding to applicable Modbus statuses. The details of bits are explained

below.
Bit Coll Symbol Name Function
address

15 0410 RSV | Reserved

14 0411 JISL | Jog/inch switching 0: Jog
1: Inch
When this bit is 0, the actuator jogs in accordance
with the JOG+/JOG- bits. When this bit is 1, the
actuator inches in accordance with the JOG+/JOG-
bits.
If this bit switches while the actuator is jogging, the
actuator will decelerate to a stop.
If this bit switches while the actuator is inching, the
inching movement will continue.
Jog/inch switching by this bit is not reflected in the
jogging/inching operation initiated by a tool.

13 0412 RSV | Reserved

12 0413 RSV | Reserved

11 0414 MOD | Teaching mode 0: Normal operation mode

command 1: Teaching mode

Changing this bit to 1 will switch the controller to the
teaching mode.

10 0415 TEAC | Position data load 0: Normal

command 1: Position data load command

If this bit has remained 1 continuously for 20 msec
or more in the teaching mode (while MOD in this
register is 1), the current position data will be written
in the target position field under the position number
specified by the position number specification
register when the aforementioned condition was
detected.
If other position data fields are empty, the default
parameter values will be written at the same time in
the empty fields other than the target position
(VCMD, ACMD, INP and CTLF).
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Bit

Coll
address

Symbol

Name

Function

0416

JOG+

Jog+ command

0: Normal

1: Jog+ command

In the jog mode (when JISL in this register is 0), the
actuator jogs in the direction opposite home while
this bit is 1. The speed and acceleration/deceleration
conform to the PIO jog speed (I0JV) parameter and
PIO jog acceleration/deceleration (I0JA) parameter,
respectively.

If this bit is turned 0 or the jog- command bit is
changed to 1 while the actuator is moving, the
actuator will decelerate to a stop.

Switching this bit from 0 to 1 in the inching mode
(when JISL in this register is 1) will cause the
actuator to inch in the direction opposite home.

The speed, acceleration/deceleration and travel
conform to the PIO jog speed (I0JV) parameter, PIO
jog acceleration/deceleration (I0JA) parameter, and
P10 inching distance (I0ID) parameter, respectively.

0417

JOG-

Jog- command

0: Normal

1: Jog- command

In the jog mode (when JISL in this register is 0), the
actuator jogs in the direction of home while this bit is
1. The speed and acceleration/deceleration conform
to the PIO jog speed (I0JV) parameter and PIO jog
acceleration/deceleration (I0JA) parameter,
respectively.

If this bit is turned 0 or the jog+ command bit is
changed to 1 while the actuator is moving, the
actuator will decelerate to a stop.

Switching this bit from 0 to 1 in the inching mode
(when JISL in this register is 1) will cause the
actuator to inch in the direction of home.

The speed, acceleration/deceleration and travel
conform to the PIO jog speed (I0JV) parameter, PIO
jog acceleration/deceleration (I0JA) parameter, and
P10 inching distance (I0ID) parameter, respectively.

0418

ST7

Start position 7

0419

ST6

Start position 6

041A

ST5

Start position 5

041B

ST4

Start position 4

041C

ST3

Start position 3

041D

ST2

Start position 2

041E

ST1

Start position 1

Ol INWiM~ oo

041F

STO

Start position 0

These bits are effective only when the air cylinder
mode is selected as the PIO pattern. Each bit
indicates a start position command.

Either level operation or edge operation can be
selected as the command type of these bits. In level
operation, the actuator will decelerate to a stop once
the specified bit turns 0 while the actuator is
operating.

The priorities in which the respective bits are
received can be selected using parameters. If two or
more bits are input simultaneously, the bit of the
youngest number will be given priority.
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Expansion Device Control Register (DRGE) (0D02H)

These bits are used for control commands. This register can be rewritten only if changed using the
Modbus function code 05H (Force Single Coil). Write operation is inhibited while this register is being
accessed. The details of bits are explained below. Never rewrite the reserved bits in this register.

Bit Coll Symbol Name Function
address

15 0420 RSV | Reserved

14 0421 RSV | Reserved

13 0422 RSV | Reserved

12 0423 RSV | Reserved

11 0424 RSV | Reserved

10 0425 RSV | Reserved

9 0426 RSV | Reserved

8 0427 PMSL | PIO/Modbus 0: Enable PIO commands

switching specification | 1: Disable PIO commands

This bit switches the right to the position number
specification register and device control register 1/2.
When this bit is 0, PIOs are given the right to
change. When it is 1, Modbus is given the right to
change. The bit is set to 0 (PIO) when a PIO
controller is started. On a non-PIO controller, it is set
to 1 (Modbus).
On a controller equipped with an operation mode
switch, this bit will change to 0 when the switch is
set to the AUTO mode, and will change to 1 when
the switch is set to the MANU mode.
If the right to change is switched from PIOs to
Modbus, the aforementioned registers will take over
the PIO values.
If the right to change is switched from Modbus to
PIOs, the registers will be refreshed with the PIO
values, but edge detection will not occur at the time
of switching.

7 0428 RSV | Reserved

6 0429 RSV | Reserved

5 042A RSV | Reserved

4 042B RSV | Reserved
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Bit Coil Symbol Name Function
address

3 042C STOP | Deceleration stop 0: Normal
1: Deceleration stop command
The actuator will start decelerating to a stop upon
detection of the 0 = 1 edge of this bit.
Once the actuator starts decelerating, this bit will be
reset to 0 by the controller.

2 042D RSV | Reserved

1 042E RSV | Reserved

0 042F RSV | Reserved

4.8.4  Position Number Specification Register (POSR) (ODO3H)

When a positioning command is issued, the specified position number is stored in this register. The bits in
this register are assigned to input ports in accordance with the PI1O pattern when the “PIO/Modbus
switching status (PMSS)” bit in the expansion device status register is 0 (Enable PIO commands). This
register can also be rewritten/referenced based on bit access addresses corresponding to applicable
Modbus statuses. The details of bits are explained below.

Bit Coil Symbol Name Function
address
15 0430 RSV | Reserved
14 0431 RSV Reserved
13 0432 RSV Reserved
12 0433 RSV Reserved
11 0434 RSV Reserved
10 0435 RSV Reserved
9 0436 RSV Reserved
8 0437 PC256 | Position command bit 256 | These bits specify command position numbers
7 0438 PC128 | Position command bit 128 | in binary codes.
6 0439 PC64 | Position command bit 64 | Specifying a position number using the
5 043A PC32 | Position command bit 32 | applicable bit and then turning ON the CSTR bit
4 043B PC16 | Position command bit 16 | in device control register 1 will start a positioning
3 | 043C PC8 | Position command bit 8 | operation to the specified position.
2 043D PC4 | Position command bit 4 The maximum position number varies
1 043E PC2 Position command bit 2 depending on the controller model and the PIO
0 043F PC1 | Position command bit 1 | Pattern currently specified.
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4.9 Exception Status

A function is supported whereby the Modbus function Exception Status is used to notify an error
encountered by the controller (alarm code) to the host.

When a query is issued with the Modbus function code 07H (Read Exception Status), byte data indicating
the alarm code currently generated by the controller will be returned as the exception status in the
response.

If no alarm is present, the exception status will become 00H.
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5. Communication Procedures

5.1 Controller Status Monitoring Procedure

The procedure to monitor the internal statuses of the controller, such as the current position and presence
of alarms, is shown below. All monitor registers can be read at once, but it is also possible to read only the
necessary registers individually.

Cw

Query the necessary number of
registers from among the

monitor registers using the Read . .
Input Registers function *1 *1 The Read Holding Registers
function can also be used.

No

“Successful” response?

( crd )
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5.2 PIO Command Disable Specification Procedure

When the controller is started, PIOs are enabled. To perform control using the Modbus protocol, PIO
activation must be disabled. (This operation is not necessary if the controller will only perform monitoring
operations.)

When PIOs are disabled, the input statuses of DIs corresponding to the PIO pattern are retained in the
respective bits of the device control register.

On a non-PIO model, PIOs are disabled when the controller is started.

To resume PIO command operation, the PMSL bit must be reset to 0.

O

Set the “PIO/Modbus switching
specification bit [PMSL]” in the
“Expansion device control register”

to 1 using the Force Single Coil o
function *1 *1 This bit cannot be changed by any

other function but Force Single Coil.

Read the “Expansion device
control register” using the Read =~ ———

Input Registers function *2 *2 The PMSS bit can be read directly

using Read Input Status.

No

Yes

O w
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5.3 Servo ON Command Procedure

The servo must be turned ON before a movement command is issued. Turn the servo ON by following the
procedure below. This operation is not necessary if the “Servo ON input” parameter is set to “Disable.”

O

Set the “Servo ON command bit
[SON]” in “Device control register
1" to 1 using the Force Single
Coil function *1 *1 Force Multiple Coils can also be
used.

Read “Device control register 1”
using the Read Input Registers -

function *2 *2 The SON bit can be read directly
using Read Input Status.

No

Yes

e
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5.4 Homing Procedure

Homing must be completed before a movement command is issued. Perform homing by following the
procedure below. In the position number specification mode, the actuator will automatically perform
homing if it is not yet completed.

(D

Set the “Homing command bit
[HOME]" in “Device control
register 1" to 1 using the Force

Single Caoil function *1 *1 Force Multiple Coils can also be used.

Read “Device control register 1”
using the Read Input Registers -
function *2

*2 The HEND can be read directly using
Read Input Status.

No
Yes

Set the “Homing command bit

[HOME]” in “Device control

register 1” to 0 using the Force

Single Coll function *3 *3 After homing, reset the command bit
to 0. Force Multiple Coils can also
be used.

( cnd )
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5.5 Movement Procedure by Position Number Specification

The procedure to issue a movement command using data registered in the position table is shown below.
The servo must be turned ON before a movement command is issued.

T

Send the position number to the
“Position movement command
register” using the Preset Single
Register function *1

*1 Preset Multiple Registers can also
be used.

Read “Device control register 1”
using the Read Input Registers -
function *2

*2 The PEND can be read directly
using Read Input Status.

PEND bit = 1?

O e
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5.6 Movement Procedure by Position Coordinate Specification

The procedure to issue a movement command via numerical specification is shown below. The servo
must be turned ON and homing completed before a movement command is issued.

O

Send the necessary number of
numerical command registers
using the Preset Multiple
Registers *1

*1 To specify only the target position,
send only the PCMD 2 register. To
also specify the in-position band
and speed, specify the six registers
up to INP and VCMD.

Read “Device control register 1”
using the Read Input Registers ~ ———
function *2

*2 The PEND can be read directly
using Read Input Status.

PEND bit = 1?

O
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5.7 Position Data Write Procedure

The procedure to register data in the position table is shown below.

()

Send the data to the addresses
of the specified position number
in the position table registers e BEE—
using the Preset Multiple
Resisters *1, *2

Yes

Rewrite other position? *3

O e

*1

*2

*3

Rewrite the PCMD through CTLF
registers.

Writing a position table register
requires accessing the EEPROM,
and thus it may take a longer time
before a response is received.
When writing these registers,
therefore, set the timeout period
sufficiently long.

Repeat the same step for the
number of positions that must be
rewritten.

63



’A ' Serial Communication (Modbus)

5.8 Notes

e When referencing registers using Modbus functions, registers belonging to multiple categories cannot
be read simultaneously using a single message. To reference registers belonging to multiple

categories, read them using multiple messages by classifying the corresponding addresses by
category.

e The explanations in this specification apply commonly to RC Series controller models supporting
“Protocol M.” For the specifications and other items specific to each model, refer to the operation
manual that comes with the applicable controller.

e This specification is subject to change without notice for the purpose of improving product functions.
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5.9 CRC Calculation

Sample C functions used for CRC calculation are shown below.
They are equivalent to the CRC calculation functions stated in the published Modbus Protocol

Specification (PI-MBUS-300 Rev. J).

unsigned short CalcCRC16swap(
unsigned char* puchMsg,
unsigned short usDatalen)

unsigned char  uchCRCHi = OxFF;
unsigned char  uchCRCLo = OxFF;

unsigned int ulndex;

whi |e (usDatalen—)

{
ulndex = uchCRCHi ~ *puchMsg++;
uchCRCHi = uchCRCLo ™ auchCRCHi [ulndex]:
uchCRCLo = auchCRCLo[ulndex]:

1

return (uchCRCHi << 8 | uchCRCLo):

const unsigned char aushCRCHi[] =

[/ Table of CRC values for high-order byte %/
0x00, OxGl1, 0x81, Ox40, 0x01, OxCO, 0x80, Ox41,
0x01, 0xCO, 0x80, Ox41, 0xD0, OxC1, O0x81, Ox40,
0x01, OxCO, 0x80, Ox41, 0x00, 0xCl1, Ox81, 0x40,
0x00, OxCG1, 0x81, 0x40, Ox01, OxCO, OxBO, Ox41,
0x01, OxCO, 0x80, Ox41, 0x00, OxCl, Ox81, Ox40,
0x00, OxG1, 0x81, 0x40, 0x01, 0xCO, 0xBO, Ox41,
0x00, OxC1, OxB1, 0x40, Ox01, 0xCO, 0xB80, Ox41,
0x01, OxCO, 0x80, Ox41, 0x00, OxC1, Ox81, 0x40,
0x01, 0xCO, 0x80, Ox41, OxD0, OxC1, O0xB1, Ox40,
0x00, OxCG1, 0x81, 0x40, 0x01, 0xCO, 0x80, Ox41,
0x00, OxC1, OxB1, 0x40, Ox01, 0xCO, 0xB80, Ox41,
0x01, OxCO, 0x80, Ox41, 0x00, 0xCl1, Ox81, Ox40,
0x00, OxCG1, 0x81, O0x40, 0x01, O0xCO, OxB0, Ox41,
0x01, 0xCO, 0x80, Ox41, 0x00, OxCl, 0x81, Ox40,
0x01, OxCO, 0x80, Ox41, 0x00, OxCl, Ox81, O0x40,
0x00, OxC1, 0x81, 0x40, Ox01, 0xCO, 0x80, Ox41,

0x01,
0x00,
0x00,
0x01,
0x00,
0x01,
0x01,
0x00,
0x00,
0x01,
0x01,
0x00,
0x01,
0x00,
0x00,
0x01,

/* message to calculate »/
/* quantity of bytes in message »/

/% high byte of CRC initialized %/
/* low byte of CRG initialized */
J* will index into CRC |lookup table %/

/* pass through message buffer »/
/* calculate the CRC »/

OxCO, 0x80, Ox41, 0x00, 0xG1, Ox81, Ox40,
OxC1, Ox81, 0x40, 0x01, OxCO, Ox80, Ox41,
0xG1, 0x81, 0x40, 0x01, OxCO, Ox80, Ox41,
0xCO, 0x80, Ox41, 0x00, 0xC1, Ox81, Ox40,
OxCG1, 0x81, 0x40, 0x01, 0xCO, Ox80, Ox41,
0xCO, Ox80, Ox41, 0x00, OxC1, Ox81, Ox40,
OxCO, Ox80, Ox41, 0x00, OxC1, Ox81, Ox40,
0xC1, Ox81, 0x40, 0x01, 0xCO, Ox80, Ox41,
OxC1, Ox81, 0x40, 0x01, OxCO, Ox80, Ox41,
0xC0, 0x80, Ox41, 0x00, OxC1, Ox81, Ox40,
OxCO, Ox80, Ox41, 0x00, OxC1, Ox81, Ox40,
0xG1, 0x81, 0x40, 0x01, OxCO, Ox80, Ox41,
0xC0, 0x80, Ox41, 0x00, OxCl, Ox81, Ox40,
OxC1, Ox81, 0x40, 0x01, OxCO, Ox80, Ox41,
OxG1, Ox81, Ox40, 0x01, OxCO, Ox80, Ox41,
OxCO, Ox80, Ox41, 0x00, OxC1, Ox81, Ox40,
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const unsigned char auchCRCGLo[] =

[/* Table of CRC values for low-order byte */
0x00, 0xCO, OxC1, Ox01, OxC3, 0x03, 0x02, O0xC2, OxC6, Ox06, 0x07, OxC7, 0x05, 0xC5, OxC4, 0x04,
0xCC, OxOC, OxOD. OxCD, OxOF, OxCF, OxCE, OxOE, Ox0A, OxCA, OxCB, OxOB, 0xC9, 0x09, 0x08, OxC8,
OxD8, 0x18, Ox19, OxD9, Ox1B, OxDB, OxDA, Ox1A, Ox1E, OxDE, OxDF, Ox1F, OxDD, 0x1D, Ox1C, OxDC,
Ox14, 0xD4, OxD5, Ox15, OxD7, Ox17, Ox16, OxD6, OxD2, Ox12, 0x13, OxD3, Ox11, OxD1, OxDO, 0x10,
OxFO, 0x30, 0x31, OxF1, Ox33, OxF3, O0xF2, 0x32, 0x36, OxF6, OxF7, Ox37, OxF5, 0x35, 0x34, OxF4,
Ox3C, OxFG, OxFD, Ox3D, OxFF, Ox3F, Ox3E, OxFE, OxFA, Ox3A, 0x3B, OxFB, 0x39, OxF9, OxF8, 0x38,
0x28, OxEB, OxE9, Ox29, OxEB, 0x2B, 0x2A, OxEA, OxEE, Ox2E, Ox2F, OxEF, Ox2D, OxED, OxEG, 0x2C,
OxE4, 0x24, Ox25, OxED, Ox27, OxE7, OxE6, Ox26, 0x22, OxE2, OxE3, Ox23, OxE1, 0x21, 0x20, OxEQ,
OxAQ, 0x60, Ox61, OxAl, Ox63, OxA3, OxA2, Ox62, OxG6, OxA6, OxA7, Ox67, OxAb, Ox6b, Ox64, OxAd,
Ox6C, OxAC, OxAD, Ox6D, OxAF, Ox6F, Ox6E, OxAE, OxAA, Ox6A, Ox6B, OxAB, Ox69, OxA9, OxA8, O0x68,
0x78, 0xBB, OxBY, Ox79, OxBB, Ox7B, Ox7A, OxBA, OxBE, Ox7E, OxJF, OxBF, 0x7D, OxBD, OxBG, O0x7C,
OxB4, 0x74, 0x75, OxBS, Ox77, OxB7, 0xB6, O0x76, Ox72, OxB2, 0xB3, O0x73, OxB1, 0x71, 0x70, OxBO,
0x50, 0x90, Ox91, Ox51, Ox93, Ox53, 0x52, 0x92, 0x96, Ox56, 0x57, Ox97, 0x55, 0x95, Ox94, 0x54,
0x9C, OxBC, OxBD, Ox9D, OxBF, Ox9F, 0x9E, OxGE, Ox5A, Ox9A, 0x9B, Ox5B, 0x09, 0x59, OxE8, 0x98,
0x88, 0x48, Ox49, Ox89, Ox4B, Ox8B, 0x8A, OxdA, Ox4E, OxBE, Ox8F, Ox4F, 0x8D, 0x4D, 0x4G, 0x8C,
Ox44, 0x84, 0x85, Ox45, OxB87, Ox47, Ox46, Ox86, 0x82, Oxd2, 0x43, Ox83, Ox41, Ox81, Ox80, 0x40,
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5.10 LRC Calculation

A sample C function used for LRC calculation is shown below.

When creating a query message, store the address, function and data fields of the created message in the
input buffer of this function after converting them to binary values. The binary return value will be
converted to an ASCII code and then stored in the error check field.

When performing error check on a response message, store all fields of the received response message,
except for the header, error check and trailer, in the input buffer of this value after converting them to
binary values. The converted binary value in the error check field of the response message will be
compared against the return value of this function.

unsigned char LRG(

unsigned char *auchMsg, /* message to calculate */
unsigned short usDatalen} /* LRC upon quantity of bytes in message */
|
unsigned char uchLRG = 0: /* LRG char initialized »/
whi le (usDatalLen—) /* pass through message */
{
uchLRG += #auchMsg++: /* buffer add buffer byte without carry *»/
}
return ({unsigned char) (—({char_uchLRC))): /* return twos complemen */
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Chapter 3 Modbus Protocol Formats

This chapter explains the protocol formats (ASCIlI mode) that have been created based on the protocol
specifications explained in Chapter 2.

1. Message Frame

The message frame in the ASCIl mode is shown once again.

Header Address Function Data LRC Trailer
Check
2 characters n characters n characters 2 characters ‘CR, ‘LF

* Only character strings consisting of “0” through “9” and “A” through “F” can be specified between the
header and the trailer.

1.1

Header Field

In the ASCIl mode, a message starts with the ASCII character *’ (3AH).

1.2 Address Field

The table below summarizes the addresses in the message frame.

Address

Function

Details

0

Broadcast

All slaves receive the message as a query addressed to them.
They do not return a response.
Some functions cannot be broadcast. (Refer to the function list.)

1to 16

Slave address

These addresses are used to specify slave addresses.
With RC Series controllers, a slave address is assigned in a range of 1
to 16, which is larger by one than the range of 0 to 15 corresponding to
axis numbers that can be set internally in the controller.

17 to 255

(Reserved)

These addresses cannot be set in RC Series controllers.

* For the procedure to set axis numbers, refer to the operation manual for each controller.
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1.3 Function Field

The table below summarizes the function codes and functions that can be used with RC Series
controllers.

El:ﬂoedx(; Name Function szﬂﬁlg?gon Broadcast | Page
01H |Read Colil Status Read coils/DOs. O
02H |Read Input Status Read input statuses/Dls. O
03H |Read Holding Registers |Read holding registers. O

04H |Read Input Registers Read input registers. O

05H |Force Single Coil Write one coil/DO. O
06H |Preset Single Register Write holding register. O
07H |Read Exception Status | Read exception statuses. O
OFH |Force Multiple Coils Write multiple coils/DOs at once. O
10H |Preset Multiple Registers | Write multiple holding registers at once. O
11H |Report Slave ID Query a slave’s ID. O

17H |Read / Write Registers Read/write registers.

* In this chapter, only the queries that use the shaded function codes are explained.

1.4 Data Field

This field is used to append data associated with the function code. The data field has a variable length
and need not be always specified.
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1.5 LRC Check Field

In the ASCII mode, an error check field conforming to the LRC method is included in each message.
The LRC field is used to check the message content excluding the first colon and CR/LF.

The LRC field consists of two bytes corresponding to two ASCII code characters. The LRC value is
calculated by the sender that appends the LRC field to the message. The recipient recalculates the LRC
value while receiving the message, and compares the calculation result against the actual value received
in the LRC field. If the two values do not match, an error will generate.

In LRC calculation, the successive bits in the query message, starting from the address field, are divided into
units of two bytes, and the values of all 2-byte data are added up until the end of the data field (before LRC).
Finally, the lower eight bits of the calculated result is converted to a 2’'s complement. This binary value is
converted to two ASCII code characters that are then appended to the LRC field.

® <Sample LRC check calculation> The shaded fields relate to the Modbus PDU (Protocol Data Unit).
Assume the following query message:

[1["01"] [“05"] [‘040B”] ['0000"] [LRC] [CR] [LF]

LRC calculation on this message produces a total sum of 01H + 05H + 04H + OBH + O0H + O0OH = 15H.
When the 8-bit length is applied, the 2's complement of this value is EBH.

In other words, LRC = “EB.”

Accordingly, this query message is converted to 0105040B0000EB [CR] [LF].

® Tip: LRC stands for Longitudinal Redundancy Check, which is a horizontal parity check.

1.6 Trailer Field

In the ASCII mode, “CR/LF” (ODH, 0OAH) is the last field.

1.7 Send/Receive Buffers

The send/receive buffer sizes of controllers are 256 bytes, respectively. Messages sent by the host must
not exceed the receive buffer size, while data requests must not exceed the send buffer size.
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Chapter 3 describes the query/response formats under the Modbus protocol that are used for executing
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Query List (Functional Comparison)

the functions listed below.

[6] Major failure

[7]1 Minor failure

[8] Absolute error

[9] Brake

[10] Pause

[11] Homing completion
[12] Positioning completion

FC Function Symbol Broad- Remarks Reference
cast page
. This function can be used to
03H Mul_t|ple FCO3 None successively read multiple registers that
register read .
use function 03.
03H Curr_ent position PNOW Thls_ _fungtlon _reads the current actuator
monitor position in units of 0.01 mm.
03H Present alarm code ALMC This function reads alarm codes that are
query presently detected.
This function reads the ON/OFF statuses
O3H | Input port query DIPM of PIO input ports.
This function reads the ON/OFF statuses
03H | Output port query DOPM of PIO output ports.
This function reads the following 12
statuses:
[1] Emergency stop
[2] Safety speed enabled/disabled
[3] Controller ready
[4] Servo ON/OFF
03H | Device status query 1 | DSS1 [5] Missed work in push-motion operation

* FC stands for “Function Code.”
* The function code 03H represents the “Read Holding Resisters” function.
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FC

Function

Symbol

Broad-
cast

Remarks

Reference
page

03H

Device status query 2

DSS2

This function reads the following 15

statuses}

[1] Enable

(2]

(3]
[4]
[5]

Load output judgment (check-range
load current threshold)

Torque level (load current threshold)
Teaching mode (normal/teaching)
Position data load (normal/complete)

[6] Jog+ (normal/command active)
[7] Jog- (normal/command active)
[8] Completed position 7
[9] Completed position 6
[10] Completed position 5
[11] Completed position 4
[12] Completed position 3
[13] Completed position 2
[14] Completed position 1
[15] Completed position 0

03H

Expansion device
status query

DSSE

This function reads the following 9

statuses}

(1]

(2]
(3]
(4]
(5]
(6]
[7]
(8]
[9]

Emergency stop (emergency stop
input port)

Motor voltage low

Operation mode (AUTO/MANU)
Homing

Push-motion operation in progress
Excitation detection

P10/Modbus switching

Position-data write completion status
Moving

03H

System status query

STAT

This function reads the following 7

statuses}

(1]
(2]
(3]
[4]
[5]
(6]
[7]

Automatic servo OFF

EEPROM accessed

Operation mode (AUTO/MANU)
Homing completion

Servo ON/OFF

Servo command

Drive source ON (normal/cut off)
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FC

Function

Symbol

Broad-
cast

Remarks

Reference

page

03H

Current speed monitor

VNOW

This function reads the current actuator
speed in units of 0.01 mm/sec.

03H

Current ampere
monitor

CNOW

This function reads the motor-torque current
command value of the actuator in mA.

03H

Deviation monitor

DEVI

This function reads the deviation over a 1-
ms period in pulses.

03H

System timer monitor

STIM

This function reads the total time in msec
since the controller power was turned on.

03H

Special input port
query

SIPM

This function reads the following 9
statuses;

[1] Command pulse NP
[2] Command pulse PP
[3] Port switch

[4] Mode switch

[5] Enable switch

[6] Home check sensor
[7] Overtravel sensor
[8] Creep sensor

[9] Limit sensor

03H

Zone status query

ZONS

This function reads the following 6
statuses|

[1] LS2 (PIO pattern: Solenoid valve mode)
[2] LS1 (PIO pattern: Solenoid valve mode)
[3] LSO (PIO pattern: Solenoid valve mode)
[4] Position zone

[5] Zone 2

[6] Zone 1
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FC Function Symbol Broad- Remarks Reference
cast page
This function reads the following 9
statuses|
[1] Completed position number bit 256
[2] Completed position number bit 128
- [3] Completed position number bit 64
03H Egnr?gé?tggeessmon POSS [4] Completed position number bit 32
[5] Completed position number bit 16
[6] Completed position number bit 8
[7] Completed position number bit 4
[8] Completed position number bit 2
[9] Completed position number bit 1
Safety speed mode This function issues a command to
05H switching SFTY © enable/disable the safety speed.
This function issues a command to turn
05H | Servo ON/OFF SON O the servo ON/OFE.
05H | Alarm reset ALRS o This function issues a c_ommand to reset
alarms/cancel the remaining travel.
05H | Brake release BKRL o Th|§ function issues a command to
forcibly release the brake.
05H | Pause STP O This function issues a pause command.
05H | Homing HOME o This function issues a homing operation
command.
This function turns the start signal
05H | Positioning start CSTR O ON/OFF for r.“.OVG.me”t by position
number specification.
(This function is not used in this manual.)
05H | Jog/inch switching JISL O jl'hls'functlon switches _betvyeen the
jogging mode and the inching mode
05H Teaching mode MOD o This function switches betw_een the
command normal mode and the teaching mode
. This function issues a current position
O5H | Position data load TEAC © load command in the teaching mode.
05H | Jog+ JOG+ o This functlc_)n issues a!ogglng/m_chmg
command in the direction opposite home.
05H | Jog- JOG- o This functlc_)n issues a;ogglng/mchmg
command in the direction of home.
This function specifies position numbers
Position number effective only in the solenoid valve mode.
O5H specification 0 to 7 STOwST7I O The actuator can be operated with this
command alone.
This function issues a command to
05H PIQ/M.OdbUS . PMSL O enable/disable PIO external command
switching setting .
signals.
05H | Deceleration stop sSTOP o This function can decelerate the actuator
to a stop.
Normal movement, relative movement
Movement by and push-motion operation can be
06H | position number POSR O P op
e performed by position number
specification e ; )
specification using this command alone.
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FC Function Symbol Broad- Remarks Reference
cast page
This function can be used to send the
target position, in-position band, speed,
. acceleration/deceleration, push, and
Numerical movement L .
10 None O control setting in a single message to
command
operate the actuator. Normal movement,
relative movement and push-motion
operation are supported.
- This function can be used to change all
Position data table o o
10 . None O data of the specified position number for
write i .
the specified axis.
LT.‘i‘?&L Exception response None This response will be returned when the

message contains invalid data.

* The function code 05H represents the “Force Single Coil” function.
* The function code 06H represents the “Preset Single Registers” function.
* The function code 10H represents the “Preset Multiple Registers” function.
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3. Queries Using Function Code 03H (Read Holding Registers)

3.1 Basic Query/Response Structures

3.1.1 Function

Read the contents of holding registers in a slave.
Broadcast is not supported.

3.1.2 Query Format

In a query message, specify the holding register address from which to start reading data, and number of
holding registers to be read.
1 holding register = 2 bytes = 16-bit data

Field ASCII mode_character Number of Remarks
string (fixed) characters (bytes)
Header " 1
Slave address (H) Arbitrary 2 Axis number + 1 (01H to 10H)
Function code (H) ‘0, '3’ 2 “Read Holding Registers” code
Start address (H) Arbitrary 4 Refer to “Start Address List.”
Number of registers (H) Arbitrary 4 Refer to “Start Address List.”
Error check (H) LRC (2 characters) 2
Trailer CRI/LF 2
Total bytes 17 17
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3.1.3 Start Address List

With RC Series controllers, the sizes of send/receive buffers are set to 256 bytes, respectively, in the
ASCII mode. Accordingly, a maximum of 61 registers’ worth of data consisting of 247 bytes (one register
uses four bytes in the ASCIl mode), which is 11 bytes (header + slave address + function code + error
check + trailer) less than the above 256 bytes, can be queried. In other words, all of the data listed below
(total 21 registers) can be queried in a single transmission.

Address (H) | Symbol Name Sign Register size Byte
9000 PNOW | Current position monitor O 2 4
9002 ALMC Present alarm code query 1 2
9003 DIPM Input port query 1 2
9004 DOPM Output port monitor query 1 2
9005 DSS1 Device status query 1 1 2
9006 DSS2 Device status query 2 1 2
9007 DSSE Expansion device status query 1 2
9008 STAT System status query 2 4
900A VNOW | Current speed monitor O 2 4
900C CNOW | Current ampere monitor O 2 4
900E DEVI Deviation monitor O 2 4
9010 STIM System timer query 2 4
9012 SIPM Special input port query 1 2
9013 ZONS Zone status query 1 2
9014 POSS Completed position number status query 1 2

B A sample query that queries addresses 9000 to 9009 in a controller of axis No. 0 is shown below:
W Query: 01039000000A62 [CR] [LF]

. ASCII mode character
Field string (fixed)
Header ‘!
Slave address ‘0,1’
Function code ‘0, '3’
Start address ‘9,”'0,” ‘0, 'O’
Number of registers ‘0,”'0,” ‘0, ‘A’
Error check ‘6, ‘2’
Trailer ‘CR, ‘LF’
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3.1.4 Response Format

Field ASCII mode.character Number of Remarks
string (fixed) characters (bytes)
Header B 1
Slave address (H) Arbitrary 2 Axis number + 1 (01H to 10H)
Function code (H) ‘0, ‘3’ 2 “Read Holding Registers” code
Number of data bytes (H) 5 Number of registers specified in
the query format x 2
Data 1 (H) 4
Data 2 (H) 4
Data 3 (H) 4
Data 4 (H) 4
Error check (H) LRC (2 characters) 2
Trailer CRI/LF 2
Total bytes 256 max.

The response to the query shown on the preceding page is as follows:
B Response: 010314000000000000B80162002000800031C7000800111C [CR] [LF]

The following pages explain the query/response formats based on single queries targeting respective
addresses, as well as the data functions/specifications and other items corresponding to these addresses.
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3.2  Current Position Monitor (Unit: 0.01 mm) <<PNOW>>

3.2.1  Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,/'0,”‘0," ‘0’ Current position monitor
Number of registers (H) 4 ‘0, ‘0, '0," ‘2’ Call register Nos. 9000 and 9001.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
Store the current position after converting it to a value in units of 0.01 mm. The sign is effective.

[2] [Slave address]
Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

80



'A ' Serial Communication (Modbus)

3.2.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘4 Call two registers (four bytes).
Data 1 (H) 4 Depending on the Current value data (hex)
current value
Data 2 (H) 4 Depending on the Current value data (hex)
current value
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, ‘'LF
Total bytes 19

3.2.3 Sample Query/Response Messages (Axis No. 0)

W Query sent: 0103900000026A [CR] [LF]
m Response received: 010304000013885D [CR] [LF]

The current position is “00001388” — Converted to a decimal value — 5000 (x 0.01 mm)
The current position is 50 mm.
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3.3 Present Alarm Code Query <<ALMC>>

3.3.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,'0,” ‘0, '2; Alarm codes presently detected
Number of registers (H) 4 ‘0, '0,”‘0," ‘1, Call register No. 9002 only.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

Whether the controller is normal or any alarm presently detected is indicated by a code.
If no alarm is present, O0H is stored.
For details on alarm codes, refer to the operation manual that comes with each controller.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’

82




1A]T

Serial Communication (Modbus)

3.3.2 Response Format
A response message contains 16 bits of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘2’ Call one register (two bytes).
Data 1 (H) 4 Alarm code Alarm code (hex)
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, 'LF’
Total bytes 15

3.3.3 Sample Query/Response Messages (Axis No. 0)

B Query sent:

01039002000169 [CR] [LF]

B Response received: 01030200E812 [CR] [LF]

The most important alarm presently detected is “OE8"H, which is a phase A/B open alarm.
For details on alarm codes, refer to the operation manual that comes with each controller.

83




I1A]T

Serial Communication (Modbus)

3.4 Input Port Query <<DIPM>>

3.4.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,'0,” ‘0, ‘3, Input port monitor register
Number of registers (H) 4 ‘0, '0,”‘0," ‘1, Call register No. 9003 only.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

DI input values are stored directly regardless of the PIO pattern. Note that the stored values are those
that have been processed through the hardware filter and software filter.

The number of input bits varies depending on the controller model.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.4.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘2’ Call one register (two bytes).
Data 1 (H) 4 DI input value DI input value (hex)
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 15

3.4.3 Sample Query/Response Messages (Axis No. 0)

B Query sent: 01039003000168 [CR] [LF]
B Response received: 010302B80141 [CR] [LF]

The DI data is “B801”"H — Converted to the binary value “1011100000000001"

3 27~ 42 [#iNo.0] =1 3]
[EFE[[e[e®
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A& el | s0.00 || EEE | kD TRESE(na) | 466
BiEEE on/s] | 0,00 [BEERET | RN EHERL® [38.0
75-43-} [000 [E&wzeyy [ aut0
AN -FPION 2=2=0) HAH-FPION 2-2=0) HWEEA G-

&fr e | &fr hae | &I |
PC1 on PM1 OFF {F§92) OFF
PC2Z OFF PH2 OFF {F51) OFF
PC4 OFF Ph4 OFF {F§) OFF
PCB OFF PME OFF 5 S EEER b Y| OFF
PCIG OFF PM16 OFF {(F59) OFF
PC32 OFF PM32 OFF (F59) OFF
- OFF WOYE OFF {F51) OFF
- OFF ZONE | OFF {7-7°1hSW OFF
- OFF PZONE OFF I-pSY OFF
BKLS 0FF RMDS OFF (F59) oM
RMOD OFF HEND oN {(F5§3) OFF
HOME on PEND OFF (F8) OFF
*STP on sy o {(F59) OFF
CSTR o KEMGS O (F§9) OFF
RES OFF #ALM ON {(F5) oM
SON on LOAD OFF {(F§7) OFF
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3.5 Output Port Query <<DOPM>>

3.5.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,'0,” ‘0, ‘4, Output port monitor register
Number of registers (H) 4 ‘0, '0,”‘0," ‘1, Call register No. 9004 only.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

The DO output values assigned to output ports in accordance with the P1O pattern are stored. The
number of output bits varies depending on the controller model.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.5.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘2’ Call one register (two bytes).
Data 1 (H) 4 DO output value DO output value (hex)
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 15

3.5.3 Sample Query/Response Messages (Axis No. 0)

B Query sent: 01039004000167 [CR] [LF]
B Response received: 010302740086 [CR] [LF]

The DO data is “7400"H — Converted to the binary value “0111010000000000”
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BKLS OFF RMDS OFF (F59) 0N
RMOD OFF HEND Ll (F5&7) OFF
HOME 0N PEND OFF (F59) OFF
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L
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3.6 Device Status Query 1 <<DSS1>>

3.6.1 Query Format
. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,''0,” ‘0, ‘5, Device status register 1
Number of registers (H) 4 ‘0, '0,”‘0," ‘1, Call register No. 9005 only.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

Internal statuses of the controller are indicted.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.6.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘2’ Call one register (two bytes).
Data (H) 4 Status 1 Status 1 (hex)
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 15
Details of data (Status 1 = 16 bits)

Bit adgrtgégs(H) Symbol Name Function

15 0100 EMGS | EMG status 0: Emergency stop not actuated
1: Emergency stop actuated
This bit indicates whether or not the controller is
currently in the emergency stop mode due to an
emergency stop input, cutoff of the drive source, etc.

14 0101 SFTY | Safety speed 0: Safety status disabled

enabled status

1: Safety status enabled

This bit indicates whether the safety speed of the
controls is enabled or disabled by the “Safety speed
command bit” in device control register 1.

13 0102 PWR

Controller ready
status

0: Controller busy

1: Controller ready

This bit indicates whether or not the controller can
be controlled externally. Normally this bit does not
become 0 (busy).

12 0103 SV

Servo ON status

0: Servo OFF

1: Servo ON

This bit indicates the ON status of the actual servo.
This bit will remain O after a servo ON command is
received until the time specified by the “Servo ON
delay time” parameter elapses. If the servo cannot
be turned ON for some reason after a servo ON
command is received, this bit will remain 0.

The controller does not accept any movement
command while this bit is 0.
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Bit Status
address (H)

Symbol

Name

Function

11 0104

PSFL

Missed work in
push-motion
operation

0: Normal

1: Missed work in push-motion operation

This bit will be output when the actuator reaches the
push-motion band in accordance with a push-motion
operation command.

Normal operation commands do not change this bit.

10 0105

ALMH

Major failure status

0: Normal

1: Major failure alarm present

This bit will turn 1 if any alarm generates that inhibits
continuation of operation.

Alarms of this type can be reset using an alarm reset
command, but some alarms cannot be reset with a
reset command.

9 0106

ALML

Minor failure status

0: Normal

1: Minor failure alarm present

This bit will turn 1 if a minor failure generates that
permits continuation of operation.

8 0107

ABER

Absolute error
status

0: Normal

1: Absolute error present

This bit indicates, on a model equipped with an
absolute encoder, that an error relating to the
absolute encoder has generated.

7 0108

BKRL

Brake forced-
release status

0: Brake actuated

1: Brake released

This bit indicates the status of brake operation.
Normally the bit remains 1 while the servo is ON.
Even when the servo is OFF, changing the “brake
forced-release command bit” in device control
register 1 to 1 will change this bit to 1.

5 010A

STP

Pause status

0: Normal

1: Pause command active

This bit indicates the read-back status of a pause
command, not a pause condition during movement.

4 010B

HEND

Homing
completion status

0: Homing not yet complete

1: Homing complete

This bit indicates the homing completion status.
Normally this bit is 0 when the controller is started.
On a model equipped with an absolute encoder, the
bit is 1 when the controller is started, if an absolute
reset has already completed.

If an absolute position command is issued while this
bit is 0, an alarm will generate.

3 010C

PEND

Positioning
completion status

0: Positioning not yet complete

1: Positioning complete

This bit will turn 1 when the actuator reaches the
target position and enter the in-position band. When
the servo is turned OFF and then ON again, the
current position will become the target position, and
therefore this bit will become 1. This bit will also turn
1 when the push-motion judgment signal turns ON
during push-motion operation.

2 010D

Reserved

=

010E

Reserved

0 010F

Reserved
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3.7 Device Status Query 2 <<DSS2>>

3.7.1  Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,''0,” ‘0, ‘6, Device status register 2
Number of registers (H) 4 ‘0, '0,”‘0," ‘1, Call register No. 9006 only.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

Internal status 2 of the controller are indicted.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.7.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, ‘3’ Internal controller status
Number of data bytes (H) 2 ‘0, ‘2’ Call one register (two bytes).
Data (H) 4 Status 2 Status 2 (hex)
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, 'LF’
Total bytes 15
Details of data (Status 2 = 16 hits)
Bit adgrt:;gs(H) Symbol Name Function
15 0110 ENBS | Enable status 0: Disabled
1: Enabled
This bit indicates the status of the enable-switch
installed tool connected to a model equipped with an
enable function. On a model equipped with an
operation mode switch, this bit is always 1 while the
AUTO mode is selected.
This bit is always 1 on a model not equipped with an
enable function.
14 0111 Reserved
13 0112 LOAD | Load output 0: Normal
judgment status 1: Load output judgment
If a load current threshold or check range (individual
zone boundaries) is set when a movement
command is issued, this bit indicates whether or not
the motor current has reached the threshold inside
the check range.
The status of this bit is held, which means that after
switching, the new bit status will be held until the
next command is received.
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Bit

Status
address (H)

Symbol

Name

Function

12

0113

TRQS

Torque level

0: Normal

1: Torque level achieved

If a load current threshold is set when a movement
command is issued, this bit indicates whether or not
the motor current has reached the threshold.

Since this bit indicates a level, its status will change
when the current level changes.

11

0114

MODS

Teaching mode
status

0: Normal operation mode

1: Teaching mode

This bit indicates whether the controller has
switched to the teaching mode in accordance with
the “teaching mode command bit” in device control
register 2.

10

0115

TEAC

Position-data load
command status

0: Normal

1: Position data load complete

Setting the “position-data load command bit” in
device control register 2 to 1 will change this bit to 0.
This bit will turn 1 once position data has been
written to the EEPROM successfully.

0116

JOG+

Jog+ status

0: Normal

1: Jog+ command active

This bit indicates the read-back status of the “jog+
command bit” in device control register 2.

0117

JOG-

Jog- status

0: Normal

1: Jog- command active

This bit indicates the read-back status of the “jog+
command bit” in device control register 2.

0118

PE7

Completed position 7

0119

PEG6

Completed position 6

011A

PES

Completed position 5

011B

PE4

Completed position 4

011C

PE3

Completed position 3

011D

PE2

Completed position 2

011E

PE1

Completed position 1

Ol INWi~ oo

011F

PEO

Completed position 0

Each bit indicates a completed position.

When the actuator moves to the target position and
enters the in-position band as a result of positioning
operation initiated by a positioning command, the
applicable bit will turn 1. Although the bit that has
turned 1 will change to O once the servo turns OFF,
the bit will turn 1 again if the actuator is still inside
the in-position band of the applicable command
position data when the servo is turned ON
subsequently.

This bit will also turn 1 if the push judgment signal
turns ON, or the actuator misses the work, during
push-motion operation.
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3.8 Expansion Device Status Query <<DSSE>>

3.8.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,'0,” ‘0, ‘7, Expansion device status register
Number of registers (H) 4 ‘0, '0,”‘0," ‘1, Call register No. 9007 only.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

Internal statuses (expansion device) of the controller are indicated.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.8.2

Response Format

A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . , Remarks
characters string (fixed)
Header 1 Y
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, ‘3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘2’ Call one register (two bytes).
Data (H) 4 Expansion status Expansion status (hex)
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, 'LF’
Total bytes 15

Details of data (Expansion status = 16 bits)

Bit adgrtgégs(H) Symbol Name Function
15 0120 EMGP | Emergency stop 0: Emergency stop input OFF
status 1: Emergency stop input ON
This bit indicates the status of the dedicated
emergency stop port.
14 0121 MPUYV | Motor voltage low 0: Normal
status 1: Motor drive source cut off
This bit will turn 1 when the motor drive-source
cutoff terminal is released, upon which the controller
will switch to the emergency stop mode.
13 0122 RMDS | Operation mode 0: AUTO mode
status 1: MANU mode
This bit is 1 (MANU) when the operation mode
switch is set to MANU on a model equipped with an
operation mode switch or the “operation mode bit” in
the expansion device control register is set to
MANU. It will become 0 (AUTO) only when both the
operation mode switch and operation mode bit are
set to AUTO.
On a model not equipped with an operation mode
switch, this bit is always 1 (MANU).
12 0123 Reserved
11 0124 GHMS | Homing status 0: Normal
1: Homing
This bit remains 1 while homing is in progress
following a homing command. When the homing is
completed or interrupted in the middle, this bit will
turn 0.
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Bit

Status

address (H)

Symbol

Name

Function

10

0125

PUSH

Push-motion
operation in
progress

0: Normal

1: Push-motion operation in progress

This bit remains 1 while push-motion operation is in
progress (the actuator is inside the push-motion
range, excluding the approach range) following a
push-maotion operation command. This bit will turn 0
in any of the following conditions:

1. The actuator has missed the work.

2. The actuator has paused.

3. The next movement command has been issued.
4. The servo has turned OFF.

0126

PSNS

Excitation detection
status

0: Excitation detection not yet complete

1: Excitation detection complete

PCON, ERC 2 Series controllers perform excitation
detection at the first servo ON command received
after the controller has started. This bit remains 0O if
the excitation detection has failed. Even after a
successful detection, the bit will return to 0 when a
software reset is performed.

ACON Series controllers perform pole sensing at the
first servo ON command received after the controller
has started.

On SCON Series controllers, this bit is always 0.

0127

PMSS

P1O/Modbus
switching status

0: PIO commands enabled

1: PIO command disabled

This bit indicates the read-back status of the
“PlIO/Modbus switching specification bit” in the
expansion device control register.

0128

Reserved

0129

POSW

Position-data static
memory write
completion status

0: Writing

1: Writing complete

This bit will turn 0 when a position-data write
command is issued via the “position-data static
memory write command bit” in the expansion device
control register. Once the writing is completed, the
bit will turn 1. This bit is 1 when the controller is first
started.

012A

MOVE

Moving signal

0: Stopped

1: Moving

This bit indicates whether or not the actuator is
moving (conditions during homing and push-motion
operation included). This bit remains 0 while the
actuator is paused.

012B

Reserved

012C

Reserved

012D

Reserved

012E

Reserved

O (INW|~

012F

Reserved
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3.9 System Status Query <<STAT>>

3.9.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,'0,” ‘0, ‘8, System status register
Number of registers (H) 4 ‘0, '0,”‘0," '2; Call register Nos. 9008 and 9009.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

Internal operating statuses of the controller are called using a bit pattern.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.9.2

Response Format

A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, ‘3’ Internal controller status
Number of data bytes (H) 2 ‘0, ‘4 Call two registers (Four bytes).
Data (H) 8 System status System status (hex)
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, 'LF’
Total bytes 19

Details of data (System status = 32-bit area)

. Status
Bit address

Name

Function

17 | ASOF

Auto servo OFF

0: Normal

1: Auto servo OFF

If the “Auto servo OFF delay time” parameter is set, this bit will
turn 1 when the servo is turned OFF automatically after elapse
of the specified time following the completion of positioning.

16 | AEEP

EEPROM accessed

0: Normal

1: EEPROM being accessed

This bit will turn 1 when the controller accesses the EEPROM to
read or write the parameter position table, etc.

This bit will turn O when the access is completed or a timeout
error occurs.

4 RMDS
status

Operation mode

0: AUTO mode

1: MANU mode

This bit is 1 (MANU) when the operation mode switch is set to
MANU on a model equipped with an operation mode switch or
the “operation mode bit” in the expansion device control register
is set to MANU. It will become 0 (AUTO) only when both the
operation mode switch and operation mode bit are set to AUTO.
On a model not equipped with an operation mode switch, this bit
is always 1 (MANU).

3 HEND
status

Homing completion

0: Homing not yet complete

1: Homing complete

This bit indicates the homing completion status. Normally this bit
is 0 when the controller is started. On a model equipped with an
absolute encoder, the bit is 1 when the controller is started, if an
absolute reset has already completed.

If an absolute position command is issued while this bit is 0, an
alarm will generate.
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Bit

Status
address

Name

Function

SV

Servo status

0: Servo OFF

1: Servo ON

This bit indicates the ON status of the actual servo. This bit will
remain O after a servo ON command is received until the time
specified by the “Servo ON delay time” parameter elapses. If
the servo cannot be turned ON for some reason after a servo
ON command is received, this bit will remain 0.

The controller does not accept any movement command while
this bit is 0.

SON

Servo command
status

0: Servo OFF

1: Servo ON

This bit indicates the servo ON/OFF command status.

This bit will turn 1 when the following conditions are met:

e The EMG status bit in device status register 1 is 0.

e The major failure status bit in device status register 1 is 0.

* The enable status bit in device status register 2 is 1.

e The auto servo OFF status in the system status register is 0.

MPOW

Drive source ON

0: Drive source cut off

1: Normal

This bit will turn 0 when the motor drive-source cutoff terminal
is released.
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3.10 Current Speed Monitor <<VNOW>>

3.10.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,0, ‘0, ‘A, Current speed monitor
Number of registers (H) 4 ‘0, '0,”‘0," 2, Call register Nos. 900A and 900B.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

This monitored data of actual motor speed is indicated. The value becomes positive or negative
depending on the operating direction of the motor, and is indicated in units of 0.01 mm/sec.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.10.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘4 Call two registers (four bytes).
Data (H) 8 Current speed Current speed (hex)
Indicated in units of 0.01 mm/sec.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, ‘'LF
Total bytes 19

Sample response message (Axis No. 0)

: 010304000026FCD6 [CR] [LF]
The current position is “000026FC” — Converted to a decimal value — 9980 (x 0.01 mm)
The value of the current speed monitor register is 99.8 mm/sec.
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3.11 Current Ampere Monitor <<CNOW>>

3.11.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,''0,”'0,” ‘'C; Current ampere monitor
Number of registers (H) 4 ‘0, ‘0,0, ‘2, Call register Nos. 900C and 900D.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

The motored data of motor current is indicated in mA.
The torque current command value is stored.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.11.2 Response Format

A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . ' Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘4 Call two registers (four bytes).
Data (H) 8 Motor current monitor Motor current monitor (hex)
Indicated in mA.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, ‘'LF
Total bytes 19

Sample response message (Axis No. 0)

: 010304000001C82F [CR] [LF]
The motor current is “000001C8” — Converted to a decimal value — 456 (mA)
The value of the current ampere monitor register is 456 mA.
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3.12 Deviation Monitor <<DEVI>>

3.12.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,0, '0,” ‘E, Deviation monitor
Number of registers (H) 4 ‘0, '0,”‘0," '2; Call register Nos. 900E and 900F.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
The deviation over a 1-ms period between the position command value and the feedback value (actual
position), is stored in pulses. The number of pulses per one motor revolution in mechanical angle
varies depending on the encoder used.

[2] [Slave address]
Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’
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3.12.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘4 Call two registers (four bytes).
Data (H) 8 Deviation monitor Deviation monitor (hex)
Indicated in pulses.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, ‘'LF
Total bytes 19

Sample response message (Axis No. 0)
: 0103040000008375 [CR] [LF]
The motor current is “00000083” — Converted to a decimal value — 131 (pulse)
The deviation over a 1-ms period between the position command value and the feedback value (actual

position) is 131 pulses.
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3.13 System Timer Query <<STIM>>

3.13.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,)'0,” ‘1," ‘0, System timer
Number of registers (H) 4 ‘0, '0,”‘0," '2; Call register Nos. 9010 and 9011.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

The total time since the controller power was turned on is stored in msec. This value is not cleared

after a software reset.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.13.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘4 Call two registers (four bytes).
Data (H) 8 System timer System timer (hex)
Indicated in msec.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, ‘'LF
Total bytes 19

Sample response message (Axis No. 0)

: 0103040238C0946A [CR] [LF]
The system timer value is “0238C094" — Converted to a decimal value — 37273748 (msec)
The total time since the controller power was turned on is 10.3538 hours.
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3.14 Special Input Port Query <<SIPM>>

3.14.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,'0,” ‘1, ‘2, Special input port monitor
Number of registers (H) 4 ‘0, '0,”‘0," ‘1, Call register No. 9012 only.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

Input ports other than normal DI inputs can be monitored.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.14.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . , Remarks
characters string (fixed)
Header 1 Y
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, ‘3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘2’ Call one register (two bytes).
Data (H) 4 Special port monitor Refer to the list below.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, 'LF’
Total bytes 15

Details of data (Special port register = 16-bit area)

Bit adgrtgégs(H) Symbol Name Function
15 0170 Reserved
14 0171 NP Command pulse NP | This bit indicates the status of the command pulse
signal status NP signal.
13 0172 Reserved
12 0173 PP Command pulse PP | This bit indicates the status of the command pulse
signal status PP signal.
11 0174 Reserved
10 0175 Reserved
9 0176 PTSW | Port switch monitor | 0: OFF
1: ON
On a model equipped with a port switch, this bit
indicates the status of this switch. On a model
equipped with a SIO-connector installation/removal
detection function, this bit indicates the
installation/removal status of a tool. This bit is
always 0 on any other model.
8 0177 MDSW | Mode switch status | 0: AUTO mode
1: MANU mode
On a model equipped with an operation mode
switch, this bit indicates the status of this switch. It is
always 1 on any other model.
7 0178 ENBL | Enable switch 0: DISABLE
monitor 1: ENABLE
On a model equipped with an enable function, this
bit indicates the status of this switch if an enable-
switch installed tool is connected. It is always 1 on
any other model.
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Bit ad?rtS;:S(H) Symbol Name Function

6 0179 Reserved

5 017A Reserved

4 017B Reserved

3 017C HMCK | Home-check sensor | 0: Sensor OFF

monitor 1: Sensor ON

On a model equipped with a home-check sensor
function, this bit indicates the status of sensor input.
It is always 0 on any other model.

2 017D oT Overtravel sensor 0: Sensor OFF
1: Sensor ON
This bit indicates the status of the overtravel sensor
signal in the encoder connector. It is always 0 on a
model not equipped with an overtravel sensor.

1 017E CREP | Creep sensor 0: Sensor OFF
1: Sensor ON
This bit indicates the status of the creep sensor
signal in the encoder connector. It is always 0 on a
model not equipped with a creep sensor.

0 017F LS Limit sensor 0: Sensor OFF

1: Sensor ON

This bit indicates the status of the limit sensor signal
in the encoder connector. It is always 0 on a model
not equipped with a limit sensor.
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3.15 Zone Status Query <<ZONS>>

3.15.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,)'0,”‘1," ‘3, Zone status query
Number of registers (H) 4 ‘0, '0,”‘0," ‘1, Call register No. 9013 only.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

Zone output statuses can be monitored.

[2] [Slave address]

Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’
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3.15.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . , Remarks
characters string (fixed)
Header 1 Y
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, ‘3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘2’ Call one register (two bytes).
Data (H) 4 Zone status Refer to the list below.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, 'LF’
Total bytes 15

Details of data (Zone status register = 16-bit area)

. Status
Bit address (H) Symbol

Name

Function

15 0140 ---

Reserved

14 0141 LS2

Limit sensor
output monitor 2

0: Out of range

1: In range

The position away from the target position for
position No. 2 by the in-position band in the negative
direction represents the negative boundary, while
the position away from the target position by the in-
position band in the positive direction represents the
negative boundary. This bit remains 1 while the
current position is within these boundaries.

This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.

13 0142 LS1

Limit sensor
output monitor 1

0: Out of range

1: In range

The position away from the target position for
position No. 1 by the in-position band in the negative
direction represents the negative boundary, while
the position away from the target position by the in-
position band in the positive direction represents the
negative boundary. This bit remains 1 while the
current position is within these boundaries.

This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.
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Bit ad?rtS;:S(H) Symbol Name Function
12 0143 LSO Limit sensor 0: Out of range
output monitor 0 1: In range
The position away from the target position for
position No. 0 by the in-position band in the negative
direction represents the negative boundary, while
the position away from the target position by the in-
position band in the positive direction represents the
negative boundary. This bit remains 1 while the
current position is within these boundaries.
This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.
11 0144 Reserved
10 0145 Reserved
9 0146 Reserved
8 0147 ZP Position zone output | 0: Out of range
monitor 1: Inrange
If individual zone boundaries are set for a position
command, this bit remains 1 while the current
position is within the specified boundaries.
This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.
The zone will be reset when the next movement
command is issued.
7 0148 Reserved
6 0149 Reserved
5 014A Reserved
4 014B Reserved
3 014C Reserved
2 014D Reserved
1 014E Z2 Zone output monitor | 0: Out of range
2 1: In range
If the zone boundary 2 parameters are set, this bit
remains 1 while the current position is within the
specified boundaries.
This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.
0 014F Z1 Zone output monitor | 0: Out of range

1

1: In range

If the zone boundary 1 parameters are set, this bit
remains 1 while the current position is within the
specified boundaries.

This bit becomes effective upon completion of
homing. It remains effective even while the servo is
OFF, and will turn 0 once the current position exits
the range.
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3.16 Completed Position Number Query <<POSS>>

3.16.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '3 Read Holding Registers
Start address (H) 4 ‘9,'0,” ‘1, ‘4, Position number status
Number of registers (H) 4 ‘0, '0,”‘0," ‘1, Call register No. 9014 only.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
Completed position numbers can be monitored.

[2] [Slave address]
Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’
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3.16.2 Response Format
A response message contains 16 bits (2 bytes) of data per holding register.

. Number of ASCII mode character
Field . , Remarks
characters string (fixed)
Header 1 Y
Slave address (H) 2 Arbitrary Refer to [Slave address].
Function code (H) 2 ‘0, ‘3 Read Holding Registers
Number of data bytes (H) 2 ‘0, ‘2’ Call one register (two bytes).
Data (H) 4 Position number status Refer to the list below.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, 'LF’
Total bytes 15

Details of data (Completed position number status register = 16-bit area)

Bit a dgrtg;gs(H) Symbol Name Function

15 0130 Reserved

14 0131 Reserved

13 0132 Reserved

12 0133 Reserved

11 0134 Reserved

10 0135 Reserved

9 0136 Reserved

8 0137 PM256 | Completed position These bits indicate completed positions in binary
number status bit 256 | codes.

7 0138 PM128 | Completed position When the actuator moves to the target position and
number status bit 128 | enters the in-position band as a result of a

6 0139 PM64 | Completed position | positioning command, the applicable bit will turn 1.
number status bit 64 | Although the bit that has turned 1 will change to 0

5 013A PM32 | Completed position | once the servo turns OFF, the bit will turn 1 again if
number status bit 32 | the actuator is still inside the in-position band of the

4 013B PM16 | Completed position applicable command position data when the servo is
number status bit 16 | turned ON subsequently.

3 013C PM8 | Completed position | These bits will also turn 1 if the push judgment
number status bit 8 | signal turns ON, or the actuator misses the work,

2 013D PM4 | Completed position | during push-motion operation.
number status bit 4

1 013E PM2 | Completed position
number status bit 2

0 013F PM1 | Completed position
number status bit 1
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4. Queries Using Function Code 05H (Force Single Coil)

4.1 Basic Query/Response Structures

411 Function

Change the status of a given DO (Discrete Output) in a slave to ON or OFF (= write ON/OFF to the DO). If
this function is broadcast, the coil at the same address will be rewritten in all slaves.

4.1.2 Query Format

In a query message, specify the address of the coil to be changed, and new status (ON/OFF). If the new
data is FFH, O0H, the ON status is specified. If the new data is 00H, 00H, the OFF status is specified. Any
other data is invalid and does not initiate a change operation.

Field ASCII mode.character Number of Remarks
string (fixed) characters (bytes)
Header v 1
Slave address (H) Arbitrary 2 [1] Axis number + 1 (01H to 10H)
[2] O0H, if broadcast.
Function code (H) ‘0, ‘5’ 2 Force Single Coil
Start address (H) Arbitrary 4 Refer to “Start address List.”
New data (H) Arbitrary 4 [1] ON specification: FFH, O0H
[2] OFF specification: 00H, O0OH
Error check (H) LRC calculation result 2
Trailer CRI/LF 2
Total bytes 17
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4.1.3 Start Address List

Start address (H) Symbol Function
0401 SFTY Safety speed command
0403 SON Servo ON command
0407 ALRS Alarm reset command
0408 BKRL Brake forced-release command
040A STP Pause command
040B HOME Homing command
040C CSTR Positioning start command
0411 JISL Jog/inch switching
0414 MOD Teaching mode command
0415 TEAC Position data load command
0416 JOG+ Jog+ command
0417 JOG- Jog- command
0418 ST7 Start position 7 (solenoid valve mode)
0419 ST6 Start position 6 (solenoid valve mode)
041A ST5 Start position 5 (solenoid valve mode)
041B ST4 Start position 4 (solenoid valve mode)
041C ST3 Start position 3 (solenoid valve mode)
041D ST2 Start position 2 (solenoid valve mode)
041E ST1 Start position 1 (solenoid valve mode)
041F STO Start position 0 (solenoid valve mode)
0427 PMSL P10/Modbus switching specification
042C STOP Deceleration stop

All addresses indicate coil addresses of the following Modbus status registers that can be accessed at the

bit level.

0400H to 040FH: Device control register 1

(DRG1)

0410H to 041FH: Device control register 2

(DRG2)

0420H to 042FH: Expansion device register

4.1.4 Response

If the change was successful, the response message will be the same as the query.

(DRGE)

The following pages explain the query/response formats based on respective addresses, as well as the
applicable data functions/specifications and other items.

117



’A ' Serial Communication (Modbus)

4.2 Safety Speed Enable/Disable Switching <<SFTY>>

4.2.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4,0, ‘'1; Safety speed command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
Enable/disable the speed specified by user parameter No. 35, “Safety speed.” Enabling the safety
speed in the MANU mode will limit the speeds of all movement commands.

[2] [Slave address]
Axis number + 1 (01H to 10H; OOH if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Specify whether to enable or disable the safety speed.
Enable safety speed: ‘F,” ‘F,”‘0," ‘0’
Disable safety speed: ‘0,’‘0,” ‘0, ‘0’

4.2.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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4.3 Servo ON/OFF (Old g Command) <<SON>>

4.3.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4, '0," ‘3, Servo ON/OFF command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
Control ON/OFF of the servo.
When “Servo ON” is specified by the new data, the servo will turn ON after elapse of the manufacturer
parameter “Servo ON delay time.” However, the following conditions must be satisfied:
e The EMG status bit in device status register 1 is 0.
e The major failure status bit in device status register 1 is 0.
e The enable status bit in device status register 2 is 1.
e The auto servo OFF status in the system status register is 0.

[2] [Slave address]
Axis number + 1 (01H to 10H)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0," ‘A’

[3] [New data]
Specify whether to turn the servo ON or OFF.
Servo ON: ‘F;‘F,” ‘0, ‘0’
Servo OFF: ‘0,”‘0,” ‘0, ‘0’

[4] [Other note]
If a teaching pendant or PC software is connected, the servo is turned OFF, and then the teaching
pendant/PC software is removed, all before the control establishes communication with the host, the
servo cannot be turned ON/OFF via commands received from with the host.
In this case, restore the controller power, or make sure the connected tool is removed while the servo
is ON.

4.3.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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4.4  Alarm Reset (Similar to Old r, d Commands) <<ALRS>>

441 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4,0, ‘7, Alarm reset command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
When the “Normal” — “Execute alarm reset” edge of the new data is detected, alarms that are
presently detected will be reset. If any alarm remains unresolved (its cause has not been removed),
the same alarm will generate again. If this command is detected while the actuator is paused, the_
remaining travel will be cancelled.

[2] [Slave address]
Axis number + 1 (01H to 10H; OOH if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Execute alarm reset: ‘F," ‘F,” ‘0, ‘O’
Normal: ‘0, 0,”'0,” 'O’

4.4.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.

4.4.3 Sample “Alarm Reset” Query/Response (Sent to Axis No. 0 Controller)

B Query sent: 01050407FFO00FO0 [CR] [LF]
W Response received: 01050407FF00FO0 [CR] [LF]
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45 Brake Forced Release <<BKRL>>

45.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4,0, '8, Brake forced-release command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
Brake control is linked to servo ON/OFF. When “Forcibly release brake” is specified by the new data,
the brake will be forcibly released even when the servo is ON.

[2] [Slave address]
Axis number + 1 (01H to 10H; OOH if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Forcibly release brake: ‘F, ‘F,’ ‘0, ‘0’
Normal: ‘0,0, ‘0, ‘O’

[4] [Other note]
If a teaching pendant or PC software is connected, the servo is turned OFF, and then the teaching
pendant/PC software is removed, all before the control establishes communication with the host, the
servo cannot be turned ON/OFF via commands received from with the host.
In this case, restore the controller power, or make sure the connected tool is removed while the servo
is ON.

45.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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4.6 Pause <<STP>>

4.6.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4,0, ‘A, Pause command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
¢ While “Pause command” is specified in the new data, all motor movement is inhibited.

¢ If the data is changed to “Pause command” while the actuator is moving, the actuator will decelerate to
a stop. When the data is set to “Normal” again thereafter, the actuator will resume the remaining travel.

¢ [f the alarm reset command bit is set while the actuator is paused, the remaining travel will be cancelled.

e The current limiting value during pause corresponds to the value set by the moving-current limiting
value (DPOW) parameter during normal positioning operation or during approach operation as part
of push-motion operation. (*1) During operation inside the push range, the push-current limiting
value (PPOW) is used.

o |[f this bit is set during homing, the movement command will be held if the actuator has not yet
reversed after contacting the mechanical end. If the actuator has already reversed after contacting
the mechanical end, homing will be repeated from the beginning.

*1 On PCON and ERC2 controllers, the current limiting value during pause corresponds to the
standstill-current limiting value (SPOW) if the stationary mode is set to a value other than 4 (full
servo control).

[2] [Slave address]
Axis number + 1 (01H to 10H; OOH if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Pause command: ‘F,” ‘F,” ‘0, ‘0’
Normal: ‘0,/'0,”'0,” ‘O’

4.6.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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4.7 Homing (Old o Command) <<HOME>>

4.7.1  Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4,0, ‘B, Homing command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
Homing operation will start upon detection of the “Normal” - “Homing command” edge of the new
data. Once the homing is completed, the HEND bit will turn 1. This command can be input as many
times as desired even after homing has been completed once.

[2] [Slave address]
Axis number + 1 (01H to 10H; OOH if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Homing operation will start upon detection of the “Normal” — “Homing command” edge of this data.
Homing command: ‘F,” ‘F,” ‘0, ‘0’
Normal: ‘0,0, 0, ‘0’

[4] [Other note]
The servo must be ON before a homing command is issued.
If a teaching pendant or PC software is connected, the servo is turned OFF, and then the teaching
pendant/PC software is removed, all before the control establishes communication with the host, the
servo cannot be turned ON/OFF via commands received from with the host.
In this case, restore the controller power, or make sure the connected tool is removed while the servo
is ON.

4.7.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.

4.7.3 Sample “Homing” Query/Response (Sent to Axis No. 0 Controller)

Query sent: 0105040BFFO0EC [CR] [LF]
Response received: 0105040BFFOOEC [CR] [LF]
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4.8 Positioning Start Command <<CSTR>>

4.8.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4, '0,” ‘'C; Positioning Start Command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

Upon detection of “Normal” — “Position start command” edge of the new data, the target position
number will be read by the position number specification register and the actuator will move to the
target position of the corresponding position data. If the new data remains “Position start command,” a
completed position will not be output even when the actuator enters the in-position band.

If this command is executed when homing has never been performed after the power was turned on
(when the HEND bit is 0), the actuator will perform homing and then start moving to the target position.
The target position, speed and other operation parameters must be already set in the position table

(nonvolatile memory) of the controller before this command is issued.

[2] [Slave address]

Axis number + 1 (01H to 10H; O0H if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’

[3] [New data]
Position start command:
Normal:

4.8.2 Response

F!
0

"'F,0,'0
‘0,70, 0

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be

returned.
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4.9 Jog/Inch Switching <<JISL>>

49.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4,1, ‘1) Jog/Inch Switching
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
If this bit switches while the actuator is jogging, the actuator will decelerate to a stop.
If this bit switches while the actuator is inching, the inching movement will continue.
Jog/inch switching by this bit is not reflected in the jogging/inching operation initiated by a tool.

[2] [Slave address]
Axis number + 1 (01H to 10H; OOH if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Inching in accordance with JOG+/JOG- bits:  ‘F,” ‘F,” ‘'0,” ‘0’
Jogging in accordance with JOG+/JOG- hits: ‘0, ‘0," ‘0, ‘O’

4.9.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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4.10 Teaching Mode Command <<MOD>>

4.10.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0,4, 1, ‘4, Switch between the normal mode
and the teaching mode
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR, ‘LF’
Total bytes 17

[1] [Function]
When the new data is set to ‘F,” ‘F,” ‘0," ‘0’ (ON), the controller will switch to the teaching mode.

[2] [Slave address]
Axis number + 1 (01H to 10H; OOH if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Teaching mode (ON): ‘F’F, 0,0
Normal operation mode (OFF): ‘0, ‘0, ‘0," ‘0’

4.10.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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411 Position Data Load Command <<TEAC>>

4.11.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4,1, '5; Position data load command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
If this command was sent with the new data set to ‘F,” ‘F,” ‘0,’ ‘0’ when the teaching mode command
(MOD: Address No. 0414) in 4.10 was set to ‘F,” ‘F,” ‘0, ‘0’ (teaching mode), and thereafter the
controller has recognized the command continuously for 20 msec or more, the current position data will
be written in the target position field under the position number specified by the position number
specification register when the aforementioned condition was detected.
If other position data fields are empty, the default parameter values will be written at the same time in
the empty fields other than the target position (in-position band INP, speed VCMD,
acceleration/deceleration ACMD, and control flag CTLF).

[2] [Slave address]
Axis number + 1 (01H to 10H; O0H if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Position data load command: ‘F,” ‘F,” ‘0," ‘O’
Normal: ‘0,0, ‘0, ‘'O’

4.11.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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4.12 Jog+ Command <<JOG+>>

4.12.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4,1, '6, Jog+ command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
B Jog+ operation command (direction opposite home)
If this query is sent with the new data set to ‘F,” ‘F,’ ‘0, ‘0’ when the jog/inch switching command (JISL:
Address No. 0411) in 4.9 is set to ‘0, ‘0, ‘0, ‘0’ (jog), the actuator will jog in the direction opposite
home. The speed and acceleration/deceleration conform to the PIO jog speed set by user parameter
No. 26 and rated acceleration/deceleration (varies depending on the actuator), respectively.

® How to stop jog+ operation
While the actuator is moving, send this query with the new data set to ‘0," ‘0,” ‘0," ‘0’ or send the jog-
command (JOG-: Address No. 0417) in 4.13 with the new data set to ‘F,’ ‘F,’ ‘0,” ‘0," and the
actuator will decelerate to a stop.

® Inching
If this query is sent by switching the data from ‘0, ‘0," ‘0, ‘0’ to ‘F,’ ‘F,’ ‘0,’ ‘0’ while the jog/inch
switching command (JISL: Address No. 0411) in 4.9 is ‘F,” ‘F,” ‘0," ‘0’ (inch), the actuator will inch in
the direction opposite home. The speed, travel and acceleration/deceleration conform to the PIO
jog speed set by user parameter No. 26, user parameter No. 48 (PIO inching distance), and rated
acceleration/deceleration (varies depending on the actuator), respectively.

[2] [Slave address]
Axis number + 1 (01H to 10H; O0H if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Jog+ command: ‘F,’ ‘F,’ ‘0, ‘0’
Normal: ‘0,0, '0,” ‘O’

4.12.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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4.13 Jog- Command <<JOG->>

4.13.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4,1, 7, Jog- command
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

B Jog- operation command (direction of home)
When this query is sent with the new data set to ‘F,” ‘F,” ‘0,” ‘0’ when the jog/inch switching
command (JISL: Address No. 0411) in 4.9 is setto ‘0, ‘0, ‘0," ‘0’ (jog), the actuator will jog in the
direction of home. The speed and acceleration/deceleration conform to the PIO jog speed set by
user parameter No. 26 and rated acceleration/deceleration (varies depending on the actuator),
respectively.

® How to stop jog- operation
While the actuator is moving, send this query with the new data set to ‘0," ‘0, ‘0,” ‘0’ or send the jog+
command (JOG+: Address No. 0416) in 4.12 with the new data set to ‘F,” ‘F,” ‘0,” ‘0,” and the
actuator will decelerate to a stop.

® nching
When this query is sent by switching the data from ‘0,’ ‘0,” ‘0, ‘0’ to ‘F,” ‘F,” ‘0,” ‘0’ while the jog/inch
switching command (JISL: Address No. 0411) in 4.9 is ‘F,” ‘F,” ‘0,” ‘0’ (inch), the actuator will inch in
the direction of home. The speed, travel and acceleration/deceleration conform to the PIO jog
speed set by user parameter No. 26, user parameter No. 48 (P10 inching distance), and rated
acceleration/deceleration (varies depending on the actuator), respectively.

[2] [Slave address]
Axis number + 1 (01H to 10H; O0H if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
Jog- command: ‘F, ‘F,’ ‘0, ‘0’
Normal: ‘0,0, '0,” ‘0’

4.13.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.

129



’A ' Serial Communication (Modbus)

4.14 Start Position 0 to 7 <<STO0 to ST7>>
(Limited to PIO Pattern: Solenoid Valve Mode)

4.14.1 Query Format

Field Number of ASCII mode_character Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, ‘5’ Force Single Coil
Start address (H) 4 Arbitrary Refer to [3], [Start code].
New data (H) 4 Arbitrary Refer to [4], [New data].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," ‘'LF’
Total bytes 17

[1] [Function]

B Condition for this query to become effective
This query is effective only when the solenoid valve mode is selected as the PI1O pattern (parameter
No. 25).
Position number specification uses STO to ST7 (refer to “Start address”). Since the available
positions depend on the number of positions provided in the solenoid valve mode selected by the
PIO pattern in each controller, performing any operation involving a non-specifiable position will
generate a “085: Moving position number error” will generate.

W Operation types of this query
Either level operation or edge operation can be selected using user parameter No. 27, “Movement
command type.”

[2] [Slave address]
Axis number + 1 (01H to 10H; OOH if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’
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[3] [Start address]

Address Symbol Name Function
0418 ST7 Start position 7 Move to position 7.
0419 ST6 Start position 6 Move to position 6.
041A ST5 Start position 5 Move to position 5.
041B ST4 Start position 4 Move to position 4.
041C ST3 Start position 3 Move to position 3.
041D ST2 Start position 2 Move to position 2.
041E ST1 Start position 1 Move to position 1.
041F STO Start position 0 Move to paosition 0.

[4] [New data]

Actuator operation command ON:
Actuator operation command OFF: ‘0, ‘0,’‘0,” ‘0’

Operation will start upon operation command OFF — ON.

When user parameter No. 27, “Movement command type” is set to “Level operation,” the actuator

will decelerate to a stop upon ON > OFF.

4.14.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be

returned.

‘F,‘F, ‘0,0’
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4.14.3 Example of Operation

Controller: PCON-C (Axis No. 0)
Parameter No. 25 (PIO pattern 5: Solenoid valve mode 2; Number of positions 3) setting
Position data settings

No i B ® hEE R
Lrom ] Lrm/s ] [G] [G]
0 0.00 h33.00 0.30 0.30
1 25.00 533.00 0.30 0.30
i 50.00 h33.00 0.30 0.30

Addresses (Refer to the start codes STO to ST7)

® Sample command to move to position No. 2
Query sent: 0105041D[FFO0DA [CR] [LF]
Response received: 0105041DFFO0DA [CR] [LF]
® Sample command to move to position No. 1
Query sent: 0105041EFF00D9 [CR] [LF]
Response received: 0105041EFFO0D9 [CR] [LF]
® Sample command to move to position No. 0
Query sent; 0105041FFF00DS8 [CR] [LF]
Response received: 0105041FFF00D8 [CR] [LF]
(Operation will start when the ON/OFF specification data changes from ‘0, ‘0," ‘0, ‘0’ to ‘F,” ‘F,” ‘0," ‘0.")
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4.15 PIO/Modbus Switching Setting <<PMSL>>

4.15.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4, 2,7, P10/Modbus switching setting
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]

P10 external command signals can be enabled or disabled.

[2] [Slave address]

Axis number + 1 (01H to 10H; O0H if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,

where the input value is ‘0,” ‘A’

[3] [New data]

B Enable PIO commands (ON):

lF,! ‘F,’ :0’1 toa

External P10 signals are given the right to change the I/O signals (inputs) selected by parameter

No. 25, “PIO pattern.”

B Disable PIO commands (OFF): ‘0, ‘0,” ‘0, ‘O’
The right to change the 1/O signal data selected by parameter No. 25, “PIO pattern” returns to

Modbus.

If the right to change is switched from PIOs to Modbus, the aforementioned registers will take

over the PIO values.

If the right to change is switched from Modbus to PIOs, the registers will be refreshed with the
P10 values, but edge detection will not occur at the time of switching.
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[4] [Note]

B On a model equipped with an operation mode switch, “Enable PIO commands” will be specified
when the switch is set to the AUTO mode, or “Disable PIO commands” will be specified when the
switch is set to the MANU mode.

B On a non-PIO model, the default setting is “Disable PIO commands.”

B [f |Al's tool (teaching pendant or PC software) is connected, “Teaching modes 1, 2" and “Monitor
modes 1, 2" are available as tool modes. The correspondence of these modes and PIO
enable/disable specifications are as follows:

“Monitor modes 1, 2" — “Enable PIO commands”
“Teaching modes 1, 2" — “Disable PIO commands”

4.15.2 Response

If the change was successful, the response message will be the same as the query.

If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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4.16 Deceleration Stop <<STOP>>

4.16.1 Query Format

. Number of ASCII mode character
Field : ' Remarks
characters string (fixed)
Header 1 v
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, '5’ Force Single Caoil
Start address (H) 4 ‘0, ‘4, ‘2, ‘C; Deceleration stop setting
New data (H) 4 Arbitrary Refer to [3], [New datal].
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
The actuator will start decelerating to a stop upon detection of the “Normal” = “Deceleration stop
command” edge of the new data.

[2] [Slave address]
Axis number + 1 (01H to 10H; OOH if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0,” ‘A’

[3] [New data]
B Deceleration stop command (ON): ‘F, ‘F, ‘0, ‘0’
Once the actuator starts decelerating, these bits will be reset to 0 by the controller.

B Normal (OFF): ‘0,'0,70, ‘0’

4.16.2 Response

If the change was successful, the response message will be the same as the query.
If invalid data was sent, an exception response (refer to p. 156) will be returned, or no response will be
returned.
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5. Queries Using Function Code 06H (Preset Single Register)

5.1 Movement by Position Number Specification <<POSR>>

5.1.1 Query Format

. Number of ASCII mode character
Field . . Remarks
characters string (fixed)
Header 1 B
Slave address (H) 2 Arbitrary Refer to [2], [Slave address].
Function code (H) 2 ‘0, ‘6’ Preset Single Registers
Start address (H) 4 ‘9,'8,"‘0," ‘0, Position command number status
New data (H) 4 Arbitrary A posirt]ion number is input as a
exadecimal value.
Error check (H) 2 In accordance with the
LRC calculation result
Trailer 2 ‘CR," 'LF’
Total bytes 17

[1] [Function]
To move the actuator via position number specification, write applicable data in this register. The
actuator will start moving the moment this register is written, so there is no need to operate the
positioning start specification bit (CSTR) in the device control register.
If a command is issued when the actuator has not yet completed homing, the actuator will complete
homing first, and then start moving to the specified position. The maximum position number that can
be specified varies depending on the controller model and the PIO pattern currently specified.
If this query is broadcast, all slave axes can be moved to the same position number.

[2] [Slave address]
Axis number + 1 (01H to 10H; O0H if this function is broadcast)
Example) If the axis number of the sender is 09H, the slave address becomes 09H + 01H = OAH,
where the input value is ‘0," ‘A’

5.1.2 Response Format

If the change was successful, the response message will be the same as the query.
If invalid data was sent, no response message will be returned.

5.1.3 Sample Response Message (Sent to Axis No. 0 Controller)

® Query: 01069800000160 [CR] [LF] (Command to move to position No. 1)
B Response: 01069800000160 [CR][LF]
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6. Queries Using Function Code 10H (Preset Multiple Registers)

This chapter explains numerical commands where values are input directly to Modbus register addresses
9900H to 9908H, as well as writing of data to position table information addresses 1000H to 3FFFH.

6.1 Basic Query/Response Structures of Numerical Movement Commands
6.1.1  Function

Specify the target position in PTP positioning operation using absolute coordinates. A numerical
movement command can be issued to the actuator by rewriting the registers shown in 6.1.4, “Start
Address List” (addresses 9900H to 9908EH) (all registers can be sent in one message).

Values of all registers, other than the control flag specification register (address: 9908H), will become
effective once the values are sent. If there is no need to change the target position, in-position band,
speed, acceleration/deceleration, push-current limiting value and control specification, therefore, each
subsequent numerical movement command can be issued simply by writing a desired register that can
effect an actual movement command based on changing of the applicable register alone (refer to “Start
Address List”).
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6.1.2

Query Format

In the query format, specify the address of the first holding register to be changed (refer to “Start Address
List”), number of holding registers to be changed, number of bytes corresponding to new data, and new

data.

1 holding register = 2 bytes = 16-bit data

ASCII mode character

Number of

Field string (fixed) characters (bytes) Remarks
Header B 1
Slave address (H) Arbitrary 2 1) Axis number + 1 (01H to 10H)
2) O0H, if broadcast
Function code (H) 1,0’ 2
Start address (H) Arbitrary 4 Refer to “Start Address List.”
Number of registers (H) Arbitrary 4 Refer to “Start Address List.”
Number of bytes (H) In accordance with the 2 A value corresponding to twice
above registers the number of registers
specified above is input.
New data 1 (H) 4 Refer to “Start Address List.”
New data 2 (H) 4 Refer to “Start Address List.”
New data 3 (H) 4 Refer to “Start Address List.”
Error check (H) LRC check calculation 2
result
Trailer ‘CR,'LF’ 2
Total bytes 256 max.

6.1.3

Response format

If the change was successful, a response message that is effectively a copy of the query message, except
for the byte count and new data, will be returned.

Field ASCII mode_character Number of Remarks
string (fixed) characters (bytes)
Header B 1
Slave address (H) Arbitrary 2 1) Axis number + 1 (01H to 10H)
2) O0H, if broadcast
Function code (H) ‘1,0’ 2
Start address (H) Arbitrary 4 Refer to [4], “Start Address List.”
Number of registers (H) Arbitrary 4 Refer to [4], “Start Address List.”
Error check (H) LRC check calculation 2
result
Trailer ‘CR, 'LF 2
Total bytes 256 max.
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Start Address List

The address list below shows a group of registers that are used to move the actuator by numerically
specifying the target position coordinates, in-position band, speed, acceleration/deceleration, push-current
limiting vale, control specification flag, etc.
With RC Series controllers, the sizes of send/receive buffers are set to 256 bytes, respectively, in the
ASCII mode. Accordingly, a maximum of 61 registers’ worth of data consisting of 247 bytes (one register
uses four bytes in the ASCIl mode), which is 11 bytes (header + slave address + function code + error
check + trailer) less than the above 256 bytes, can be queried. In other words, all of the data listed below
(total nine registers) can be queried in a single transmission.

Address

Able to effect an actual
movement command by

Register

Byte

register

each movement

(H) Symbol Name Sign changing the applicable size size Unit
register alone

9900 | PCMD Target position o o 2 4 | 0.01mm
specification register

9902 | INP In-position band X X 2 4 | 001mm
specification register

9904 | vcmp | Speedspecification | o 2 4 |0.01 mmisec

register
Acceleration/deceleration

9906 ACMD specification register X © 1 2 001G

9907 PPOW Push-cu_r_renF I|m|t|ng value . o 1 >
specification register

e X
9908 | cTLE | Controlflag specification | | uilization after 1 2

W |nput value

Value indicated in specified units (decimal value) and bit data]

B Target position specification register (PCMD)

.

IConversion to hexadecimall

.

Input value in the query format

This register specifies the target position in PTP positioning operation using absolute coordinates. The
value of this register is set in units of 0.01 mm in a range of —999999 to 999999. When a position is
specified using absolute coordinates and the specified value exceeds the soft limit set by a parameter,
an alarm will generate the moment a movement start command is issued. The actuator will start moving
when the lower word of this register (symbol: PCMD, address: 9900H) is rewritten. In other words, a_
numerical movement command can be issued simply by writing a target position in this reqister.
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B |n-position band register (INP)
This register has two meanings depending on the type of operation. In normal positioning operation, this
register specifies the allowable difference between the target position and the current position, which
will be used in detecting a completion of positioning operation. In push-motion operation, this register
specifies a push-motion band. The value of this register is set in units of 0.01 mm in a range of 0 to
999999. Specify normal operation or push-motion operation using the applicable bit in the control flag
specification register as explained later.
Changing this regqister alone will not start actuator movement.

B Speed specification register (VCMD)
This register specifies the moving speed. The value of this register is set in units of 0.01 mm/sec in a
range of 0 to 9999909. If the specified value exceeds the maximum speed set by a parameter, an alarm
will generate the moment a movement start command is issued.
The actuator will start moving when this lower word of this reqister is rewritten. In other words, the
speed can be changed while the actuator is moving, simply by rewriting this register.

B Acceleration/deceleration specification register (ACMD)
This register specifies the acceleration or deceleration. The value of this register is set in units of 0.01 G
in a range of 0 to 300. If the specified value exceeds the maximum acceleration or deceleration set by a
parameter, an alarm will generate the moment a movement start command is issued.
The actuator will start moving when this reqister is rewritten. In other words, the
acceleration/deceleration can be changed while the actuator is moving, simply by rewriting this register.

B Push-current limiting value (PPOW)
Set the current limit during push-motion operation in PPOW. The current limiting value is set as one of
256 levels, with FFH representing the maximum current. Due to the actuator limitations, the push-
current limiting value should be set in range of 20% to 70% * (33H to B3H). The specific range varies
depending on the actuator, so refer to the 1Al catalog or operation manual for your actuator.
The actuator will start moving when this reqister is rewritten. In other words, the current limiting value
can be changed during push-motion operation simply by rewriting this register.
Sample push-motion current setting
* When setting the current to 20%

256 x 0.2 = 51.2 — 33H (converted to a hexadecimal value)
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W Control Flag Specification Register (CTLF)
This parameter consists of the following bit pattern that sets the respective operations.
This reqister will be overwritten by the default parameter value once the actuator starts moving.

Bit 0 = 0: Fixed
Bit 1 = 0: Normal operation
1: Push-motion operation
Bit 2 = 0: The direction of push-motion operation after completion of approach is defined as the
forward direction.
1: The direction of push-motion operation after completion of approach is defined as the
reverse direction.
This bit is used to calculate the direction of final stop position from PCMD. If this bit is set incorrectly,
therefore, the target position will deviate from the specified position by a distance corresponding to “2
x INP,” as shown below.
If bit 1 is set to 0, the setting of this bit is invalid.

A Y
\ INP INP\ INP
v i 5

Speed
-

Start position A B PCMD C

Direction of push-motion operation

Bit 3 = 0: Normal operation
1: Incremental operation

Setting this bit to 1 will enable incremental operation.

In incremental operation, the actuator behaves differently between normal operation and push-motion
operation (CTLF bit 1).

While the travel is calculated with respect to the target position (PCMD) in normal operation, it is
calculated relative to the current position in push-motion operation (when bit 1 = 1).

Here, since relative coordinate calculation involves adding up pulses in mm, followed by conversion,
unlike a calculation method involving addition after pulse conversion, “repeated relative movements
will not cause position deviation as a result of cumulative errors corresponding to fraction pulses that
are not divisible with certain lead settings”.
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B Sample register input flow

a) Flow of normal operation 1

Conditions| The operation conditions conform to the default speed, default acceleration/deceleration

and default in-position band set by the controller’'s user parameters. Only the target
position is changed to move the actuator.

Tip} Controller's user parameters
o Default speed (parameter No. 8) - Maximum speed stated in the IAl's catalog for each actuator

o Default acceleration/deceleration (parameter No. 9) — Rated acceleration/deceleration stated in the
IAl's catalog for each actuator

o Default in-position band (parameter No. 10) — Default value = 0.1 mm

\Write the target position specification register (9900H)|

.

IStart normal operation|

b) Flow of normal operation 2

Conditions| Change the target position, speed and acceleration/deceleration each time the actuator is
moved.

Write the target position specification register (9900H) through
acceleration/deceleration specification register (9906H)

. =

IStart normal operation|

¢) Flow of normal operation 3

Conditions| Change the target position, speed and acceleration/deceleration each time the actuator is
moved, with the actuator speed changed at a given timing during movement.

Write the target position specification register (9900H) through
acceleration/deceleration specification register (9906H)

.

IStart normal operation|

. B

\Write the speed specification registers (9904H and 9905H)|

. .

[The actuator continues with the normal operation at the new speed|
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d) Flow of incremental positioning operation 1 (incremental move)
Conditions| The operation conditions conform to the default speed, default acceleration/deceleration

Method 1

Method 2

and default in-position band set by the controller’'s user parameters. Only the pitch is
changed to move the actuator.

\Write the control flag specification register (9908H: Incremental setting)|

.

\Write the target position specification register (9900H)|

.

IStart normal operation|

Write the target position specification register (9900H) through
control flag specification register (9908H: Incremental setting)

.

IStart normal operation|

Addresses 9900H and 9908H alone cannot be changed in a single data transmission.
Since addresses must be continuous, you must send two messages to change 9900H and
9908H (method 1), or if you want to change them in a single message transmission, all
addresses from 9900H through 9908H must be written (method 2).

If method 2 is to be used, the speed, acceleration/deceleration and in-position band will
also be written, which means that the values of user parameter Nos. 8, 9 and 10 will
become invalid.
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e) Flow of incremental positioning operation 2 (incremental move)

Conditions| Change the target position, speed and acceleration/deceleration each time the actuator is
moved, with the actuator speed changed at a given timing during movement.

Write the target position specification register (9900H) through
control flag specification register (9908H: Incremental setting)

. -

IStart relative positioning operation|

.

Write the speed specification register (9904H) through control
flag specification register (9908H: Incremental setting)

. -

[The actuator continues with the relative positioning operation at the new speed|

IITB|3 Once the actuator starts moving after the control flag specification register (9908H:
Incremental setting) has been changed, the register will be reset (the setting will change to
OH: Normal movement). In other words, the control flag specification register (9908H) must
be set to the incremental setting and sent again, even if you only wish to change the speed.
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f) Flow of push-motion operation
[Conditions: Perform push-motion operation by changing the push force at a desired timing while the
actuator is pushing the work.

Write the target position specification register (9900H) through
control flag specification register (9908H: Push-motion setting)

. -

IStart push-motion operation|

.

Write the push-current limit specification register (9907H) through
control flag specification register (9908H: Push-motion setting)

. -

The actuator continues with the push-motion operation with the new push force]

g) Note
Conditions| Change the target position, speed and acceleration/deceleration each time the actuator is
moved, with the in-position band changed at a given timing during movement.

Write the target position specification register (9900H) through
acceleration/deceleration specification register (9906H)

. -

IStart normal operation]

. 2

\Write the in-position band specification registers (9902H and 9903H) |

.

[The actuator continues with the normal operation at the original in-position band setting|

: Changing the in-position band specification registers alone cannot effect an actual
movement command.
Therefore, the data changed by writing the in-position band specification registers (9902H |
will become effective when the next movement command is executed.
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6.1.5 Sample Query/Response Formats 1 (Normal Movement)

Axis No. 0
Target position | In-position band | Speed Acceleration/deceleration | Push
Movement control
(mm) (mm) (mm/sec) (G) (%)
50 0.1 100 0.3 0 Normal
movement

W Query sent:

B Response sent: 0110990000094D [CR] [LF]

01109900000912000013880000000A00002710001E0000000041 [CR] [LF]

B Details of query message

Field ASCII mode_character string Remarks
(fixed)
Header "
Slave address ‘0,)'T Axis No.0 +1
Function code 1,0’
[ a A A The start address is the target position
Start address 9,79,7°0,”0 specification register 9g900pH.
Number of registers 0,700’9’ Specify 9900H through 99_08H as the
addresses to be written.
Number of bytes 1,2 9 (registers) x 2 = 18 (bytes) —» 12H
New data 1, 2 ‘0,’0,/'0, 0’ 32-bit data, where the upper bits are all 0
(target position) ‘1,3, '8, '8’ 50 (mm) x 100 = 5000 — 1388H
New data 3, 4 ‘0,’0,”'0,” 0’ 32-bit data, where the upper bits are all 0
(in-position band) ‘0,/'0," ‘0, 'A’ 0.1 (mm) x 100 = 10 —» 000AH
New data 5. 6 ‘0,’0,”'0,” 0’ 32-bit data, where the upper bits are all 0
(speed) ' (911754 1y 100 (mm/sec) x 100 = 10000
o — 2710H
New data 7 ‘00 1 'E’ 0.3 (G) x 100 = 30 — 001EH
(acceleration/deceleration) o
New data 8 (push) ‘0,/’0,”‘0," 0’ 0 (%) > OH
All bits are 0, because normal operation
New data 9 (control flag) ‘0,0, 0,0’ is specified.
0000b — 0000H
Error check ‘4,1 LRC check calculation result - 41H
Trailer ‘CR, 'LF
Total bytes 55
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6.1.6 Sample Query/Response Formats 2 (Incremental Move)

Axis No. 0

Target position
(mm)

In-position band
(mm)

Speed Acceleration/deceleration | Push

(mm/sec)

(%) Movement control

10

0.1

100

0 Incremental

W Query sent:

01109900000912000003E80000000A00002710001E00000008E9 [CR] [LF]
B Response sent: 0110990000094D [CR] [LF]

B Details of query message

ASCII mode character string

Field (fixed) Remarks
Header "
Slave address ‘0,)'T Axis No.0 +1
Function code 1,0’
[ a A A The start address is the target position
Start address 9/79,°0,°0 specification register 99900pH.
Number of registers 0,0, ‘0,9’ Specify 9900H through 99_08H as the
addresses to be written.
Number of bytes 1,2 9 (registers) x 2 = 18 (bytes) —» 12H
New data 1, 2 ‘0,’0,”'0,”’0’ 32-bit data, where the upper bits are all 0
(target position) ‘0, '3, 'E,” '8’ 10 (mm) x 100 = 1000 — 03E8H
New data 3, 4 ‘0,’0,”'0,”’0’ 32-bit data, where the upper bits are all 0
(in-position band) ‘0,/'0," ‘0, 'A’ 0.1 (mm) x 100 = 10 —» 000AH
New data 5. 6 ‘0,/’0,”'0,”'0’ 32-bit data, where the upper bits are all 0
(speed) ' (91174 100 (mm/sec) x 100 = 10000
o — 2710H
New data 7 ‘00 1 E’ 0.3 (G) x 100 = 30 — 001EH
(acceleration/deceleration) o
New data 8 (push) ‘0,/'0,"‘'0,”’0’ 0 (%) —> OH
Bit 3 is 1, because incremental move is
New data 9 (control flag) ‘0,/'0,” ‘0,0’ specified (incremental setting).
10000b — 0008H
Error check ‘E, 9 LRC check calculation result - E9H
Trailer ‘CR, 'LF
Total bytes 55
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6.2 Basic Query/Response Structures for Writing Position Table Data

6.2.1 Function

Position table data can be changed using this query.

Each time an address specified in “Start Address List” (addresses +0000H through +000EH) is accessed,
the applicable data will be read from the EEPROM in units of position data. After having been written, the
data will be stored in the EEPROM again.

6.2.2 Query Format

In the query format, specify the address of the first holding register to be changed (refer to “Start Address
List”), number of holding registers to be changed, number of bytes corresponding to new data, and new
data.

1 holding register = 2 bytes = 16-bit data

ASCII mode character Number of

Field string (fixed) characters (bytes) Remarks
Header v 1
Slave address (H) Arbitrary 2 1) Axis number + 1 (01H to 10H)
2) O0H, if broadcast
Function code (H) ‘1,0’ 2
Start address (H) Arbitrary 4 Refer to “Start Address List.”
Number of registers (H) Arbitrary 4 Refer to “Start Address List.”
Number of bytes (H) In accordance with the 2 A value corresponding to twice

above registers the number of registers
specified above is input.

New data 1 (H) 4 Refer to “Start Address List.”
New data 2 (H) 4 Refer to “Start Address List.”
New data 3 (H) 4 Refer to “Start Address List.”
Error check (H) LRC check calculation 2
result
Trailer ‘CR,'LF’ 2
Total bytes 256 max.
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6.2.3 Response format

If the change was successful, a response message that is effectively a copy of the query message, except
for the byte count and new data, will be returned.

Field ASCII mode_character Number of Remarks
string (fixed) characters (bytes)

Header B 1
Slave address (H) Arbitrary 2 Axis number + 1 (01H to 10H)

Function code (H) ‘1,0’ 2
Start address (H) Arbitrary 4 Refer to “Start Address List.”
Number of registers (H) Arbitrary 4 Refer to “Start Address List.”

Error check (H) LRC check calculation 2

result
Trailer ‘CR, 'LF 2
Total bytes 256 max.

149




I1A]T

6.2.4

Serial Communication (Modbus)

Start Address List

In a query input, each address is calculated using the formula below:

1000H + (16 x Position number) H + Address (Offset) H

Example Change the speed command register for position No. 200
1000H + (16 x 200 = 3200) H + 4H
= 1000H + C80H + 4H

currently specified.

=1C84H

“1C84" becomes the input value for the start address field of this query.
* The maximum position number varies depending on the controller model and the PIO pattern

W Position data change resisters

Address | Symbol Name Sign Reglster Byte '”p!“
size size unit

+0000 PCMD Target position O 2 4 0.01 mm
+0002 INP In-position band 2 4 0.01 mm
+0004 VCMD Speed command 2 4 0.01 mm/sec
+0006 ZNMP Individual zone boundary + O 2 4 0.01 mm
+0008 ZNLP Individual zone boundary - O 2 4 0.01 mm
+000A ACMD Acceleration command 1 2 0.01G
+000B DCMD Deceleration command 1 2 0.01G
+000C PPOW Push-current limiting value 1 2 %
+000D LPOW Load current threshold 1 2 %
+000E CTLF Control flag specification 1 2

*  Addresses starting with “+” indicate offsets.

B [nput value

Value indicated in specified units (decimal value) and bit data|

The specifications of the above registers are described on the following pages.
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W Target Position (PCMD)
This register specifies the target position using absolute coordinates or by an incremental distance. The
value of this register is set in units of 0.01 mm in a range of —999999 to 999999. When a position is
specified using absolute coordinates and the specified value exceeds the soft limit set by a parameter,
an alarm will generate the moment a movement start command is issued. Specify whether to use
absolute coordinates or incremental distance using the applicable bit in the control flag specification
register as explained later.

B [n-position Band Specification Register (INP)
This register is used in two different ways depending on the type of operation.
In normal positioning operation, it specifies the allowable difference between the target position and
current position to be used in the detection of positioning completion. In push-motion operation, it
specifies the push-motion band. The value of this register is set in units of 0.01 mm in a range of 0 to
999999.
Whether the normal operation or push-motion operation is specified by the applicable bit in the control
flag specification register as explained later.

B Speed Specification Register (VCMD)
This register specifies the moving speed in positioning. The value of this register is set in units of 0.01
mm/sec in a range of 0 to 999999. If the specified value exceeds the maximum speed set by a
parameter, an alarm will generate the moment a movement start command is issued.

B Individual Zone Boundaries + (ZNMP, ZNLP)
These registers output zone signals that are effective only during positioning, separately from the zone
boundaries set by parameters.
Set in ZNMP the positive zone signal output boundary expressed using absolute coordinates, and set
the negative zone signal output boundary in ZNLP. The corresponding bit in the zone register remains
ON while the current position is within these positive and negative boundaries. The value of this register
is set in units of 0.01 mm, and in a range of —999999 to 999999 for both registers. However, ZNMP
must be greater than ZNLP.
Set the same value in both ZNMP and ZNLP to disable the individual zone output.

B Acceleration Specification Register (ACMD)
This register specifies the acceleration during positioning. The value of this register is set in units of
0.01 G in arange of 0 to 300. If the specified value exceeds the maximum acceleration set by a
parameter, an alarm will generate the moment a movement start command is issued.

151



’A ' Serial Communication (Modbus)

W Deceleration Specification Register (DCMD)
This register specifies the deceleration during positioning. The value of this register is set in units of
0.01 G in a range of 0 to 300. If the specified value exceeds the maximum deceleration set by a
parameter, an alarm will generate the moment a movement start command is issued.

B Push-current Limiting Value (PPOW)
Set the current limit in push-motion operation in PPOW. The current limiting value is set as one of 256
levels, with FFH representing the maximum current. Due to the actuator limitations, the push-current
limiting value should be set in range of 20% to 70% (33H to B3H).

W Load Output Current Threshold (LPOW)
To perform load output judgment, set the current threshold in LPOW. Set a desired value as one of 256
levels, with FFH representing the maximum current. If load output judgment is not performed, set 0.

B Control Flag Specification Register (CTLF)
This parameter consists of the following bit pattern that sets the respective operations.

Bit 1 = 0: Normal operation
1: Push-motion operation
Bit 2 = 0: The direction of push-motion operation after completion of approach operation represents the
forward direction.
1: The direction of push-motion operation after completion of approach operation represents the
reverse direction.
Bit 3 = 0: Normal operation
1: Incremental operation

*All bits whose details are not explained are reserved.
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6.2.5 Sample Query/Response Formats 1
Write all data of position No. 12 for axis No. 0 as follows.
Target In-position Individual Individual _ _
position band Speed zone zone Acceleration | Deceleration | Push Threshold Movement
(mm/sec) | boundary+ | boundary- (G) (G) (%) control
(mm) (mm) (mm) (mm)
Normal
100 0.1 200 60 40 0.01 0.3 0 0 movement
B Query sent: 011010C0O000F1E000027100000000A00004E2000001770
00000FA00001001E000000000000EE [CR] [LF]
W Response received: 011010C0000F10 [CR] [LF]
W Details of query message
Field ASCII mode.character string Remarks
(fixed)
Header H
Slave address ‘0,1 AxisNo.0+1
Function code 1,0
The start address is the target position
Start address ‘1,'0, ‘C, 0’ specification register 10COH for position
No. 12. *1
Number of registers 0,700, 'F’ Totgl 15 registers from PQMD to CTI._F in
register symbols are specified for writing.
Number of bytes ‘1, 'FE 15 (registers) x 2 = 30 (bytes) —» 1EH
New data 1, 2 ‘0,’0,/'0,”’0’ 32-bit data, where the upper bits are all 0
(target position) 2,77, 1,0 100 (mm) x 100 = 10000 — 2710H
New data 3, 4 ‘0,’0,/'0, 0’ 32-bit data, where the upper bits are all 0
(in-position band) ‘0,°0,'0,'A’ 0.1 (mm) x 100 = 10 —» 000AH
New data 5. 6 ‘0,/'0,” ‘0,0’ 32-bit data, where the upper bits are all 0
(speed) ’ QE D 200 (mm/sec) x 100 = 20000
o — 4E20H
New data 7, 8 ‘0,’0,/'0, 0’ 32-bit data, where the upper bits are all 0
(individual zone boundary+) ‘1,7, 7,0’ 60 (mm) x 100 = 6000 — 1770H
New data 9, 10 ‘0,’0,/'0, 0’ 32-bit data, where the upper bits are all 0
(individual zone boundary-) ‘0, 'F, ‘A0 40 (mm) x 100 = 4000 — OFAOQH
New data 11 (acceleration) ‘0,'0," ‘0,1’ 0.01 (G) x 100 =1 — 0010H
New data 12 (deceleration) ‘0,"’0,” ‘1, 'E’ 0.3 (G) x 100 = 30 —» O01EH

Continued to the next page
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Continued from the previous page

Field ASCII mode_character string Remarks
(fixed)
New data 13 (push) ‘0,"’0,”‘0,"’0’ 0 (%) > 0OH
New data 14 (threshold) ‘0,'0,"'0,”’0’ 0 (%) - OH
All bits are 0, because normal operation
New data 15 (control flag) ‘0,’0,”‘0,”’0’ is specified.
0000b — 0000H
Error check ‘E,'E’ LRC check calculation result - EEH
Trailer ‘CR, ‘LF’
Total bytes 79

*1) Calculation of start address

In the example, all data of position No. 12 is changed. Accordingly, the target position address of
position No. 12 is set in the start address field of this query.
1000H + (16 x 12 =192) H + OH
= 1000H + COH + OH
= 10COH

“10C0” becomes the input value for the start address field of this query.
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Shown below are the screens of IAl's PC software for RC Series, indicating how position data changes
after a query message is sent.

W Before a query is sent
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W After a query is sent
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7. Exception Response

In each query, except for a broadcast query message, the master issues a query by expecting a
“successful” response, and the applicable slave must return a response to the query. If the query was
processed successfully, the slave returns a “successful” response. If an error occurred, however, the slave
returns an exception response.

The slave responds to a query in one of the following four ways:

(1) The slave receives the query successfully, processes it successfully, and then returns a “successful”
response.

(2) The slave returns no response because the query could not be received due to a communication
error, etc. The master generates a timeout error.

(3) The slave also returns no response if the query was received but was found invalid because a LRC
error was detected. In this case, the master also generates a timeout.

(4) If the query was received properly without generating errors but it cannot be processed for some
reason (such as when the applicable register does not exist), the slave returns an exception response
that contains an exception code indicating the content of exception.
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Example of exception response generation

(Sample query message using Read Input Status)

Field Sample value ASCII modg RT_U mode
(Hex) character string 8 hits (Hex)
Header B None
Slave address 03H ‘0,3 03H
Function code 02H| ‘0, ‘2’ 02H
Start address (H) 04H ‘0,4 04H
Start address (L) AlH ‘A1 AlH
Number of Dls (H) 00H ‘0, ‘0’ 00OH
Number of Dis (L) 14H 1,4 14H
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes 17 8
If input status 04A1H does not exist, the following exception response will be returned.
Sample exception response from a slave
Field Sample value ASCII mod_e RT'U mode
(Hex) character string 8 bits (Hex)
Header v None
Slave address 03H ‘0, '3 03H
Function code 82H| ‘8,12’ 82H
Exception code 02H ‘0, ‘2’ 02H
Error check LRC (2 characters) CRC (16 bits)
Trailer CRI/LF None
Total bytes 11 5

The exception response consists of the slave address field, function code field, and data field. In the slave
address field, the applicable slave address is set as in the slave address field of a “successful” response.
In the function code field, the function code in the query is set, and then the MSB (most significant bit of
the function code) of this field is set to 1. This allows the master to recognize that the message is not a
“successful” response, but an exception response. An exception code indicating the content of exception

is set in the data field.

Example) Query function code “02H” (@0000010b)

— Exception response function code “82H” (0000010b)
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W Exception codes

The table below lists the exception codes that may generate in RC Series controllers, as well as the
contents of respective codes.

Code Exception code Function Remarks
(Hex)
. Indicates that the function is The query cannot be executed

01H | lllegal Function . . .

invalid. because a major error occurred.

Indicates that the data address is Use of the data address value is
02H | lllegal Data Address invalid. not permitted.
03H | lllegal Data Value Indicates that the data is invalid. Use qf the data value is not

permitted.

Indicates that the query cannot be
04H | Slave Device Failure | executed because an irremediable
error occurred in the slave.

The query cannot be executed
because a major error occurred.
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