DL205 USer MANUAL
TABLE OF CONTENTS

Chapter 1 - Getting Started

Introduction 1-2
The Purpose of this Manual .........cccevcuicinineiniicrcereciereee ettt seese et seeene 1-2
WHRETE t0 BEIN ..cuiiieiicieicirecet et et s 1-2
Supplemental Manuals 1-2
TEChNICAL SUPPOTT...ceiuiiiieiieiricie ittt ene 1-2

Conventions Used 1-3
Key Topics for EaCh CRaPLer .....c.cvcuiueieiiieeiciriicicireieeiseie ettt e seene 1-3

DL205 System Components 1-4
CPUS.ciiiietrirr ettt e ettt ettt et et e 1-4
BASES ..ttt a s 1-4
I/O ConfIGUIALION ....coucvuiveiiiiciiii s 1-4
I/O MOQUIES ...ttt sttt ene 1-4
DL205 System DIagrams ........ccccuviiueiniciiiniiiiiiiiciiiiesieiesceesse e sessssesssssssssssssessssssessssssesssssssssens 1-5

Programming Methods 1-7
DirectSOFT Programming for WIndOWs.........c.ccureeeueureeeineineeeineineeeiciseseesseesessesessessesessessesesseseens 1-7
Handheld Programimer........cceeciieeieiniueneinieeieiseseseesesesessese s ssessese s s sssssesessssessessseesesesecns 1-7

DirectLOGIC™ Part Numbering System 1-8

Quick Start for PLC Validation and Programming 1-10

Steps to Designing a Successful System 1-13

Chapter 2 - Installation , Wiring and Specifications

Safety Guidelines 2-2
PIan fOF SAELY ..couevieiiieeiciriecrete et e e 2-2
Three Levels Of PrOtECTION c..vuiuviuiieirieieiceies ettt sttt eee 2-3
EMEIZency SOPS ....c.cuiiiiiiiicii s 2-3

Emergency POwer DISCONNECT.......oviiiiiiiiiiiiicccc s 2-4



- Table of Contents

Orderly System SHUtAOWIL.......covuveeuiirieeiiireiiee e seee
Class 1, Division 2, Approval

Mounting Guidelines
Base DIMENSIONS ..ecviiceiiieiiicieeeteceee ettt ettt e e eeeete e e beeeteeebeeeseeebeeesseeseeesseessessseensseerssessseenseenses

Panel Mounting and LayOUL.........ccucuiriiiniiiineiiiece e esessessesssasssssssssse s ssessssssas
ENCIOSUIES.......couiiiiicii ittt s s s

POWET .
AGENCY APPIOVALS ...t
24 VDC POWET BASES ...t
Installing DL205 Bases
ChooSIing the Base TYPE .....c.vvcuiureeeriuriciiireeitireeseieeseeiesse e sse e sesse s ssessssssesssessenns
MoUNNG the BASE ..ttt ses st sese s ses s sseanene
Using Mounting Rails
Installing Components in the Base 2-12
Base Wiring Guidelines 2-13
Base WITINE.....couiiiiiiiiiii s 2-13
1/0 Wiring Strategies 2-14
PLC Is0lation BOUNATIES .........cuiuiuieiiiiiiiiiircic et e 2-14
Powering I/O Circuits with the Auxiliary SUPPLY.......c.ccocucuiieiriiiniiiriicc e 2-15
Powering I/O Circuits Using Separate Supplies
Sinking / SOUIcing CONCEPLS ......cuuvviiriviiiiiini s ssaes
I/0 “Common” Terminal CONCEPLS........ccwuiuiuiuiueieicieicisciie s sons
Connecting DC I/O to “Solid State” Field DevVices .........ccocuuririineinimnciinieiieisiisissiessseissnans 2-19
SOlid State INPUL SENSOTS ....vuvveuierieciiiriicitireieireireie ettt 2-19
Solid State OULPUL LOAAS. ... cueuieieeiiiriicitireieieieieet ettt 2-19
Relay Output GUIEINES .......cueuieieiieiiciiireiciieicei ettt bbbt 2-21
Relay Outputs — Transient Suppression for Inductive Loads in a Control System..................... 2-21

1/0 Module Positioning, Wiring, and Specification
S10t NUMDETING. ...eeiiiicie ettt
Module Placement ReStIICHONS. .....c.veueveecueiricireirecieireereiseeeiseieee et ssessesessenns
Special Placement Considerations for Analog Modules
Discrete Input Module Status INdIiCatOrs .......cccureeueurereeeiricieirecire et
Color Coding Of I/O MOAULES ...t sseseesessenes
Wiring the Different Module Connectors

I DL205 User Manual, 5th Edition, Rev. C



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

I/O WIring CRECKIISE ........cuuiiiiiiciciiiciccce et 2-29
DL205 I/0 Module Specifications. 2-30
DL205 Input Module Chart .......c.ccccuveeiiirieneireeereeeeeeeeseieee e sese s sseseesescseens

DL205 Output Module Chart

Glossary of Specification Terms
Inputs or OULPULs Per MOAULE ......cccuiuiiiirieciciieeicirieciececteiee ettt scseene 2-52
Commons Per Module

INPUL VOILAZE RANGE.....eueeiriieciciriecieireicietneietetseie ettt ettt seene
OUtPUt VOItAge RANGE.......cccvieiiiiecicireicictreicetreee ettt ettt e seene
PEAK VOIEAZE ...ecvrveieeeciieeect it st st bt
AC FIEQUENCY ...ttt bbbt
ON VOIAZE LEVEL...eoiiiicieicircireicicicct ettt ettt eene
OFF VOItage LVl ...ttt st sttt scseene
INPUL IMPEAAIICE ... ettt bttt sttt eeae
Input Current

Minimum ON Current

Maximum OFF CUITENt ......ccccciiiiiiiiiiiii s 2-52
Minimum Load......cccccoeeuiereernenecrncinecinennene

External DC Required

ON VOItAZE DIOP....eeriieicireieiiirieeieireietsetseietse sttt sttt s st sttt eesescseene
Maximum Leakage CUITENT.......c.oveucuriueiiirieeicieieieiseieeesseseeetsesetesseseee s ssessesesseseesesseseesesscseens 2-53
Maximum INTush CUITENT ..ottt ettt cseene 2-53
Base POWET REQUITEA .....c.cccuiueiiiieiciicicineccieeeteeise ettt seene 2-53
OFF 0 ON RESPONSE....cccuiuiiiiiiiiiiicicii bbb 2-53
ON t0 OFF RESPONSE......cuiuiiiiiiiiiiciciciii bbb 2-53
TErMUNAL TYPE cevvrrrreirieiciretreieictrei ettt et st e ettt eeae 2-53
STAtUS INAICATOTLS covecvrveeeirieieciret e sttt b eene 2-53
WEIGNL ..ttt ettt 2-53
FUSES .t 2-53

Chapter 3 - CPU Specifications and Operations

CPU Overview 3-2
GeNEral CPU FEATUTES ....cuvueueeeereeieirieiiieaeeeeeiesesessesesestsesssssse st s s s ssssssssssssesessssssssssssssssssesesesesessssnenes 3-2
D2-230 CPU FEALUIES ....cueiiriereueieiriririeieieieestetste ettt sttt sttt st st b ettt bebesenentssesesenas 3-2
D2-240 CPU FEALUIES ....cueiirievereiiiirteieieieietstets ettt sttt ettt et st ssebe ettt bebeneneasssesesenas 3-2



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

IV

Selecting the Program Storage Media

Using Battery Backup

CPU Operation

D2-250-1 CPU FEAtUIES......cceetiteieiereerictistectestet ettt e e sve st st ae e reesessessessesaessesaesessessessensessessesessesen 3-3
D2-260 and D2-262 CPU FEALUIES ......c.ceeeeereeererereteieeteresetetesesesesesesesesssssesesesesesssesesesesesssssseseses 3-3
CPU General Specifications 3-4
CPU Base Electrical Specifications 3-5
CPU Hardware Setup 3-6
Communication Port Pinout DIagrams ... 3-6
Port 1 Specifications (D2-230 and D2-240 CPUS) .....cccoeureueureureeeniirieeneerieeeesesesssesesessssesssessesesees 3-7
Port 1 Specifications (D2-250-1, D2-260 and D2-262 CPUS).......coceureureerreereeereereeneeresesseeseesees 3-7
Port 2 Specifications (D2-240) ......eveureerurereeeeierieeieeseseieesesesessesessesesesssssesesssssssesssssssssssssssssssssssesees

Port 2 Specifications (D2-250-1, D2-260 and D2-262)....

Built-in EEPROM ..ot s
EEPROM SIZES......ocuiiniiiiciiincictc st
EEPROM Operations
INStAlling the CPU ..ottt ettt e sttt eae
Connecting the Programming DeVICes.........cuvueuiurieunirricuniinicinieeicineieeessesessessesesessesessessesesnenne
CPU Setup INfOrmMation......c.eeeuiueeeiierieciieneieieineieieeseseiseae et ese s ssese s ssese s ssesessessesesnenne
Stattis INAICALOTS .....ouvuieieiic s
Mode SWitch FUNCHONS ..o
Changing Modes in the DL205 PLC .....c.ccvuenrieiiiricineieieineieieineeeesessessesessesessessesessessesessessesesnenne
Mode of Operation at POWET UP......ccvueecuriurecineinieineinicineiseeineiseeesessesessessesessessesessessessssessesescssens

Battery BACKUP .....cvuveiiiceceecetieee et s
D2-250-1, D2-260 and D2-262 ......c.cuvuemiereeriiieniireeieieeesess e sessensenes
D2-230 and D2-240
Auxiliary Functions
Clearing an EXiSting PrOGIam ........cocvcuiureciniireciiirieiiieee e sssssssesessensenes
Initializing System Memory.......c.ccoceveureemrernecerernennne

Setting the Clock and Calendar
Setting the CPU NetWork AddIess ........c..cvveuureeriiriciirieeieeeeeeeeeseseeese e sseseesenns
Setting Retentive Memory Ranges..........ccccccuviiiiiiiiiiiiiiniciicccicsse s
USING @ PASSWOIA......iveiiiciiciricc e
Setting the Analog Potentiometer RaNges ..........ccovvvcuiurecriureeiniireereeeereeee e

CPU Operating SYSteIM.......ccucuiiiiiiiiiiiiciiiii bbbt

I DL205 User Manual, 5th Edition, Rev. C


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

Program Mode OPeration........cceeeeueueueeeuiuemmeunesereusesesseisesesessesessessesessessesessssesessessesesessesessesecns

RUDN MOAE OPEIAtION......ceueairieirciieeictreieietseiete ittt seae ettt st sttt seene
Read INPULS ...vuereeecieicireeceecieeeiene
Read Inputs from Specialty and Remote I/O
Service Peripherals and FOIce I/O ...
CPU Bus Communication ........ccceceuvecueiricneinicnninennnne

Update Clock, Special Relays and Special Registers
Solve APPLICAtioN PrOGIAI ......c.eiuiuiuieieeieiriieieieie e seisese ettt ssese e ssese e ssese e esesessesesncseene
Solve PID LOOP EQUALIONS ....cuvveuirieieceriieiaeiiieiacireieteiseiesseisesesessese e ssese e ssese e sseseseseesesssssesescsnens
WItE OULPULS ..o
Write Outputs to Specialty and Remote I/O .....c.ccccuciiininiininiisccic e
DIAGNOSTICS ..t bbb

1/0 Response Time

CPU Scan Time Considerations
TN IEIALIZATION PrOCESS ..uvieteeieeieeeeeeet ettt te e eteet et et et e esaeesesteese st eseesesseesesaesenteneeneesessesseesenteneeneas

REAAING INPULS ...ttt ettt st ettt eeae
Reading Inputs from Specialty I/O ..o
Service PeriPRerals ......cccviuiuiiiueieciriieicieicictiec e
CPU Bus COMMUNICALION w..vuvuiviiieieiiiiiiciiect it sss s s ssasaes
Update Clock/Calendar, Special Relays, Special RegISters ..........cccuucurueiririuniniurieniicineincineinennns 3-33
WIING OULPULS....ecuiiiiiiiii s
Writing Outputs to Specialty I/O
DIAGNOSTICS ..ttt
Application Program EXECUON ....c.c.vueiurieeincirieieineieieineieeetseeetetseseee e ssessesesseseesesseseesesscseens

PLC Numbering Systems
PLC RESOUICTES ....veuveviieeenieteiieiesiteteteeetesesastesesseessesassssasassesasesassesassesassesassssesensesensasessesensssesensesasesanes

Binary-Coded Decimal Numbers
HexXadecimal NUITIDETS .........ovoiiveeieeeeeeeeeeeteeeteeeeeee ettt eseas s esese st ensenenseseseenennnes

Memory Map
Octal NUMDETING SYSLEIM ...cuvuiuirieiciriecictreietetreeete ettt sttt seene

DL205 User Manual, 5th Edition, Rev. C I Vv



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

Discrete and Word LOCAtIONS .......c.cccureueecureueicereiercireeeeceneeenensesenseesesensessesennes
V-Memory Locations for Discrete Memory Areas

Input Points (X Data TYPE) ...c.ceeureeeumrereeeriereseriireaereeeeseseeessesesessestssssessessssessesessesesessessesessessesesnenns
Output Points (Y Data TYPE) ..c.cuvveeurureeeuiereieriireieitieeeieieeseesessestesesesesessessesessessesessessessssessesesnenns
Control Relays (C Data TYPE) ...c.vvcueureeeriereeeriineereeseeieaeeseesensestaeesesesessesesessessesessesesessessesesnenns
Timers and Timer Status Bits (T Data Type)
Timer Current Values (V Data TYPE) ....cccvurercureurecrriireeineineceneineeiesseessessesessessesessessesessessesesesens
Counters and Counter Status Bits
(CT DAt TYPE) cevereerurreerrereeertirieeitesesestesese e s sstes et sse s stss st sttt ssesesesncsces 3-40
Counter Current Values (V Data TYPE) ...c.ovvvcureurecereuneerneirecineineeeernesessessesessessesessessesessessesesessens 3-40
Word Memory (V Data TYPE) ..ccvcurecureurecireirieireieetneineeeseiseseaeisesessessesessessesessessesessessessssessesesnenns 3-40
StAGES (S DIALA LYPE).ecvuvrrerrierreerntirieeitirieeittsesestaeese bttt bttt 3-41
Special Relays (SP Data TYPE) ...c.vcueueecuiereerieneeerieseeieeeesesesesseseesesesesessessesessesessssesesssnessesesnenns 3-41
Remote I/O Points (GX Data TYPE) ...oceveererrercureurecrreinieeneineseeserseseesessesessessesesessesessessesessessesssessens 3-41
D2-230 System V-memory 3-42
D2-240 System V-memory 3-44
D2-250-1 System V-memory (D2-250 also) 3-47
D2-260 and D2-262 System V-memory 3-50
DL205 Aliases 3-53
D2-230 Memory Map 3-54
D2-240 Memory Map 3-55
D2-250-1 Memory Map (D2-250 also) 3-56
D2-260 and D2-262 Memory Map 3-57
X Input/Y Output Bit Map 3-58
Control Relay Bit Map 3-60
Stage Control/Status Bit Map 3-64
Timer and Counter Status Bit Maps 3-66
Remote 1/0 Bit Map 3-67

Chapter 4 - System Design and Configuration

DL205 System Design Strategies 4-2
I/O System CONfIGUIAtIONS .........ccueuuimieriiiiieiiiicisniesseisssesss s ss s 4-2
Networking Configurations ...........c.ccuiuieiurieiiinei s ssssasessse s ssssssesssssasssses 4-2

Vi I DL205 User Manual, 5th Edition, Rev. C



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

Module Placement
SLOT NUIMDETING. ..ottt

Module Placement REStIICHIONS. .......c.uuuciuiuiuiiriiiiiiieeieicc e
Automatic I/O CONfIGUIAtION.......c.cuuuuiuiciiieiieiiiicciee e
Manual I/O Configuration...........cccucucuciiriiriiniiseecsesesse e sse e ssss s sesoas
Removing a Manual Configuration ..........cceeeeureeeineeneeeineineseneiseseeisese s ssessesessessesesessesesseseens
Power-On I/O Configuration ChecK ..o
I/O Points Required for Each Module

Calculating the Power Budget
Managing Your POWer RESOUICE .........ccviimimiiiiiiiiiiiici s

CPU POWET SPECIICATIONS. .. cueuvviuieiiacteieieireeec ettt ettt ettt ettt b ettt sseene
Module POWer REQUITEIMENLS ......cucveeueieiceeerieseteieieeseesesseseieesesese s sstsesessssesesseaesessesssesseacsesscsssssnces
Power Budget Calculation EXAmPIe ......c..ccoeuierirriemeinieneeeeneeneiese e ssese s sseseene
Power Budget Calculation Worksheet

Local Expansion /0
D2-CM Local EXpansion MOQULE .........c.ccveeeercurieeieineeeieineieieiseieieisesseetsessese s ssessesessessesescseens
D2-EM Local Expansion Module....................

D2-EXCBL-1 Local Expansion Cable
D2-260/D2-262 Local EXpansion SYStem..........cccuiuiuriuiuniuniieincicieieiieieeesesesesessssssssssssessssssssenens 4-13
D2-250-1 Local EXPansion SYStEIM .......cccveeeercureurererneunicuneieeetsesetetsessesessessesessessesessessesessessesesscsecns 4-14
Expansion Base Output HOld OPtion ......c.oceeevcureeeieinieeiciniieicineieieiseeseesessee s sseseesessessesessessens 4-15
Enabling I/O Configuration Check using Dir@CESOFT .........ccccocuviuniucicuceeininininenineseiseesens 4-16

Expanding DL205 1/0
I/0 EXPANSION OVEIVIEW ....cucuuriiririiicecerieierereiseseseseseesesesesesesessestseseasessesesesessesesesasscsesesesesssssssences
Ethernet Remote Master, H2-ERMI00 .........ccocuveererriueenemriuemernieeeeireeeeesseseesensessesesseseesenseseesesseseene
Ethernet Remote Master Hardware Configuration
Installing the ERM MOQULE........c.oceumrieeieiricicineierereeeeie et ssese s ssesesescsenns
Ethernet Base Controller, H2-EBCIL00........ccccveuruuemerriueierrieemernieeenensereeesseseesessessesesseseesessessesesseseene
Install the EBC MOQUIE ........couiuieiciicicireeiciee ettt sse e seene
Set the Module ID .......ccoceueurernerrieerrecrrennenes
Insert the EBC Module
NEtWOTK CabIIN.....cevuevieeiciiiciciicereectnee ettt e et seeae
10BaseFL NetWork Cabling .........c.ccceurecuiiriciniinieieirieeeiseenesseeseseeeesessesessessesensessesessessesesseseeans
Maximum Cable LeNgth........cccocuvieiiieininiccierereeereeetee e ssese s ssese s sesenne

DL205 User Manual, 5th Edition, Rev. C I Vii



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

Add a Serial Remote I/O Master/Slave Module
(No longer available for New appliCations) .........cceueeeuierererrerererenerensersenesessesseessesesessessesenne 4-26

Configuring the CPU’s Remote I/O Channel............cccovininiinininiccnniciecseesieieens 4-27
Configure Remote I/O SIAVES .........c.coiuiuiiiiiiiiiiiicciciii st ss s asees

Configuring the Remote I/O Table
Remote I/O Setup Program ...ttt

Remote I/O TeSt PrOgram.........coouueiciiieiciieiicice ettt

Network Connections to Modbus and DirectNET 4-32
Configuring Port 2 FOr DIreCtNET .......cocvieiriiniricinircineeecneieeeineiseessessesessessesessessesessessesesnesene 4-32
Configuring Port 2 For Modbus RT U......c..ccvcururincininincininecinieicineeeeenersesesseasesessessesessessesesessens 4-32
Modbus Port CONIGUIALION .....cueeeerrieeicirieeictreereetseeeeesseseesesseseese s ssessesessessesesseseesessessesesesens 4-33
DirectNET Port CONIGUIAtION ....c.cccueueecrrieeicirieeietreeneesreeeeesseseesessessesessessesessessesessessesessessesesesens 4-34

Network Slave Operation 4-35
Modbus Function Codes SUPPOITEd............ceuvcuiuriiuriirinciriiriciieereeee e scseees 4-35
Determining the Modbus AdIess .........cceuiiiiriiniineiniineieeere e ssessenenaes 4-35
If Your Host Software Requires the Data Type and Address ...........cccovueccuneivincinienccineinecnennns 4-35
If Your Modbus Host Software Requires an Address ONLY
Example 1: V2100 584/984 MOME ........ccovueuruieriuieririireieiseieene s sassesssssssssssssssssesessensenses
Example 2: Y20 584/984 MOdE.......coouuururiurinieniiiiriieiseieiseise s sassessssssssssssssssssesssssessenses
Example 3: T10 Current Value 484 Mode
Example 4: C54 584/984 MOME ......cccuuvueuuiuieiiiiiereieiseieisee e saessesasesessssssesssssessssessesaes
Determining the DirectNET Address ..o
Network Master OPEration ..........c.cciucucueueuereruererieeiesiesseseesesessesse e ssessessessesssssesssssessessessesses
Step 1: Identify Master Port # and SIave # ..........cocvevereiinenineineicreneieneeeseeseeseesesseesessessessennes
Step 2: Load Number of Bytes to Transfer...........occiiiiniineiniiniccieissiesssesssesessssnees
Step 3: Specify Master MEIMOIY ATa ..........cciuimimiuiiiiieiiissessssse s sssssessssssssssssssees

Step 4: Specify Slave MEeMOTY ATCQ ...t ssssssees
Communications from a Ladder Program ..........c.ccccocviiinineinineinccinessesseesssesesssanees
Multiple Read and Write INterlOCKsS.......coiuiveiiuniurieiriinieinieieieiee ettt seene
Network Modbus RTU Master Operation
(D2-260 and D2-262 only) 4-45
Modbus Function Codes SUPPOITE.........cvwuevreureureerriuniciriieeeiniieietnerseessessesessessesessessesessessesesesens 4-45
Modbus Port Configuration

HH DL205 User Manual, 5th Edition, Rev. C
VIl I



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

RS-485 Network (Modbus Only) .....c.cccveereeininieineirieieinieineiseicieiseieere ettt ssesesseseeseens
RS=232 NEIWOTK.....oocviiiiiiiiicicic it e e
Modbus Read from Network (IMRX) .....ccooveererieiieieiercteteeeeseeereeseesesesesesesessesesesesesesesssesesesesens
MRX Slave MemOry AdAIEss.......cccueueeeineureeciniineieineineeeiesseiessesseseasesseseesessesesesstsssessssessessesessesecsesns
MRX Master Memory AQAIESSES........ccuureueiriureueirerrieeiseiriseietseseisesseseesessesssessesssessesessessesessesscsesns
MRX Number of EIEMENLS .........c.ccuuiiiinieiiriieiiiiecicieise s ss s sssssesssssssssssssssesens
MRX Exception ReSponse BUFfer ..ottt scseene
Modbus Write to NetWOrk (IMWX) ...c.oiiieiererereeciieeetereteteeeseee e seseeses s sesess s eseseseseseasasesesesesens
MWX Slave MemOTy AdAIESS ......c.cueueueirirreeeireireaeireireeeiesseieesetsesetse s ssesese s ssssessessesssseseesesns
MWX Master MemOTry AAIESSES ......ccueureueireuniueireiriieieiriieietseseisetseseesessesese s ssesessessesessesecseens
MWX Number of EICIMENES ..o ss s ssesssssssssssesssesens
MWX Exception ReSponse BUffer ..ottt seseene
MRX/MWX Example in DirectSOFT

Non-Sequence Protocol (ASCII In/Out and PRINT) 4-54
RS =485 NEIWOTK....veveveiiiieeieicieieieete sttt sttt s st se s s s e esesnsesasesesesessnsnnaes 4-55
RSE=232 NEIWOTK ..ttt sttt et s s e ss e s st esesesnsssnnas 4-55
RS =422 NEIWOTK ...ttt sttt s s s e s s e s esesesesesssnnas 4-57
RSE=232 NEIWOTK...veteviiiieeecetete ettt s s s s e st sesesesnsnnnns 4-57

Chapter 5 - RLL and Intelligent Box Instructions

Introduction 5-2

Using Boolean Instructions 5-5
END Statement -
SIMPLE RUINES. ...onvveireieciieiecteie ettt eae s eans
Normally CloSed CONACL........cvvueviuieerniirieereirieereiee et sse e seene 5-6
CONLACES IN SEIIES ...ttt ettt ettt s b neseseneas 5-6
MIAINE OULPULS .ottt ettt ettt sttt bbbttt eae 5-6
Paralle] EIEIMENES ....c.cccucuriiieiricieiricieineteici sttt sttt 5-7
Joining Series Branches in Parallel............cceveeiirieiiricinieerccree e seseene 5-7
Joining Parallel Branches in SEIies.........coccreriureemieniereirieeieeneisese e sseseesesesensenesenne 5-7
CombINAION NETWOTKS .....viueiietiririeieirteieereiet ettt ettt bbbttt ene 5-7
ComPAarative BOOLEAN ......c.c.iicueiiiiriicieicciect ettt ettt et 5-8
BOOLEAN STACK.....vueuiiiiiiicirtci ettt ettt 5-8
Immediate BOOLEAN .....c..viueiiieiricicircte sttt 5-9

Boolean Instructions 5-10

DL205 User Manual, 5th Edition, Rev. C I ix


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

X

Accumulator/Stack Load and Output Data Instructions

Logical Instructions (Accumulator)

Math Instructions

Comparative Boolean 5-27

Immediate Instructions 5-33

Timer, Counter and Shift Register Instructions 5-41

USING TIMETS ..ttt st
Timer Example Using Discrete Status Bits
Accumulating Timer (TMRA) ..ottt
Accumulating Timer Example using Discrete Status Bits .......cccoevcuvriieieicinininisiscinciiciiniennns

Accumulator Timer Example Using Comparative Contacts
Counter Example Using Discrete Statts BitS.........coceueuiurereiererereneienerieneeeeesessesseesessessensenes
Counter Example Using Comparative CONLACES .........ceueuermcmerererererienierieriseseessssessessessessensenes
Stage Counter Example Using Discrete Status Bits ........cccocveuirivciiiciniciniicecccceciininans
Stage Counter Example Using Comparative CONACES........c.ccuvueercurirrercrremreemrimreenenreenseneesenenens
Up/Down Counter Example Using Discrete Status Bits........cccveuevererereeerneeerenenneesenseesensennes
Up/Down Counter Example Using Comparative CONtACES .....c..cuevureereereereemenereeeeeremseesersensensenes

USing the ACCUMUIALOL . ......c.iuiiiirieeiciricciree ettt et sene
Copying Data to the ACCUMUIALOL.......ccviiriieicireicireecree ettt sesene
Using the Accumulator STACK ....c..c.ccueicirieincineicneecnee ettt sseseseseene
Changing the Accumulator Data.....
USING POINTETS ....ouviiiiiiiiiciii bbb
7 Y-V I 00 0 ) OO

Exclusive Or Double (XORD) .....coeuiiuieieiierereieeeeeeeee ettt ses e beseseses s s sesesesesasanans

Add Real (ADDR) ....couiuiveiieeieiiieteisiete ettt sas s sae e sss b s s e e b ae b sas s s s saesensste s sassesananaas
UL s ol (] 05 OO
SUbtract Double (SUBD) ..ottt tes s sae s s ssessstenssssnesesensssenns
SUDLTACt REAL (SUBR)....ceoivieiiceieeteteteeetee ettt ettt et s s sae s s s sness st ensstenesenenssnenns
MUIIPLY (IMIULD) ettt sttt ettt sesesncsens
Multiply Double (MULD) .....c.covtuieieirieieineeeictneieietseesesesseseesessessesessessesessessesessessesessessesessesesesnesens
Multiply Real (MULR)
J0 A5 Te LI 5 7 OO
Divide DOUDIE (DIVID) ..ottt te st sae s s se st ssessstensssssesesenssnsnns
Divide Real (DIVR)
INCIEMENt (INC) ..ottt sttt e s sa s ss s esssaessssensssssensssenssssnsesennanas

I DL205 User Manual, 5th Edition, Rev. C


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

Decrement (DEC) ...ttt ettt ess st s s ese st ssessssessseesesssensesensesensanas

Add Binary (ADDB) ......cccooevevcunernenee

Add Binary Double (ADDBD)

Subtract Binary (SUBB)......c.ccciricininiceiricineireeietseessetseeetsessesesesseeessessssessessesessessssesessssessesssees

Subtract Binary Double (SUBBD) ....c.cccvirieiniinicieinicneiniecineiseeeineiseeeesesseeessesseeessessesessessesessesseees 5-104

Multiply Binary (IMULB)....c.ccccveurieneiricieinecieisieietseessetseeessessesessessesessessssessessesessessssessessesesesssees

Divide Binary (DIVB).....ccovcrcninieineireeincinieetseeessesseeesessesessessesessessssessessesessessssesessesessesssees

Increment Binary (INCB) ......cvcuveuneuricineinicineiienetsiessetseeeesesseeessessesessessesessessesessessesessessesesesssees

Decrement Binary (DECB)

Add Formatted (ADDF)....................

Subtract Formatted (SUBF)

Multiply Formatted (MULE) .....c.occuniurieineiricineinieineinreinetseeeesetseeessesseeessessssessessesessessesesessesessesseees 5-111

Divide Formatted (DIVF)

Add Top of Stack (ADDS)

Subtract Top of Stack (SUBS) ....c.veuiuricieiricirtiricinetreenetseeeeetseeeesesseeessetseeessessesessessesessessesesesseecs 5-114

Multiply Top of Stack (IMIULS) ....vueueviecieiriecieirieinetseeeietseeeeetseeeesenseeeeesseeessessesesessesessessesesesssees 5-115

Divide by Top 0f Stack (DIVS) ...ccuiurieieirieireirieincireeinetseeeisetseeeesetseeessesseeessessesessessesessessesessesssees 5-116

Add Binary Top of Stack (ADDBS) .....ccoveurieuriuricineirieineineeeinetseeeeesseeeesessesessesseeessessesessessesessesseees 5-117

Subtract Binary Top of Stack (SUBBS).....c.cucciurieirirricineiricieirictncirienetseeeeesseeessessesessessesessesseees 5-118

Multiply Binary Top of Stack (IMULBS)......ccccvturieurirrreineirrecinetreeeeneiseeeesenseeeesesseeessessesessessesessesseees 5-119

Divide Binary by Top of Stack (DIVBS) .....cccvurieinirrieineiricineiniceneinieeenerseeeesesseeessessesessessesessesseees 5-120
Transcendental Functions (D2-260 and D2-262 only) 5-121

SiNE REAL (SIINR) ...vovivieiiieieteteteeeite ettt ettt s ettt b b se s e s s e sesasassassesesesasansasssesesasas

COSINE REAL (COSR)...oeeeeeeectctetetetsee ettt ettt b bbb as bbb b s sasanas

Tangent Real (TANR) .......cccovvveuennee

Arc Sine Real (ASINR)

Arc CoSine Real (ACOSR) .....ooieveieeiiiieieteteeetstetete e sttt e st st s sassssesesesesasssssesesesasassasasase 5-122

Arc Tangent Real (ATANR) ..ottt sse s sssons 5-122

Square ROot Real (SQRTR).....ciuriueiiiriieiiiriieitineieietseiessetsesetetsese et ese et sse et esessessssessssesessesssees 5-122
Bit Operation Instructions 5-123

SUIML (SUM).cveteeeee ettt ettt sttt ste s s s et et ens st enssaeseasesessesensssensssesesesensessnsesensanas 5-123

SHift Left (SHEL) cuvveviiiicieeeieteieieie sttt sssssse et se s ssssssssssssesessssssssssssssssssesesesessnssnans 5-124

Shift Right (SHER) .ccoucviciiiricineiricnetrcretreeirctseeeet e ssetseeessesssse et ese et saesessesessessssesessesessesssecs 5-125

ROtAte Left (ROTL) oottt ettt ettt esesae s s st esess st enssaess s ssensessnsesensanan 5-126

DL205 User Manual, 5th Edition, Rev. C I Xi


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

Rotate Right (ROTR)
Encode (ENCO) .....cccoeuvuuee
D LTelo e L@ D) £ ) IO
Number Conversion Instructions (Accumulator) 5-130
BInary (BIN) ..o s 5-130
Binary Coded Decimal (BCD) ......ccvuuiuiuiiriiiireriieieieneeieneniesiesassssisssssssesesssese e ssessessessessessnns 5-131
TNVEIE (IINV) oottt ettt ettt ettt ettt s et e s eas et ess et ese s es et eseasesensesessesesenseseasesensesenn 5-132
Ten’s Complement (BCDCPL) ..ottt sessess et ssessssenns 5-133
Binary to Real Conversion (BTOR).......ccecviuiiremiinemeienenereniesienieeissisessesseesesessesesessessessessessnns 5-134
Real to Binary Conversion (RTOB)........ccouviuiuremniinereeerereneniesiessesssisessesssesesssssesessessessessessessens 5-135
Radian Real Conversion (RADR) .......ccciiiuiuereieieieiieeeeeese et sesessas s sesesesesens 5-136
Degree Real Conversion (DEGR) .....c..ccviuiuiiiieiniineieieieeeseniesienaeeissisessessessesssssesesesessessessesanns 5-136

ASCII to HEX (ATH)
HEX to ASCII (HTA)

SegMENt (SEG).....cuiiiiiiiiciiicricc st e

Gray Code (GRAY ) ...t sas st sanes

Shuffle Digits (SFLDGT)....coeuuerureeerieiiriiriieiseseiseseesesessessessessensessesssssssssssssssssesssssessessessessessessessens 5-142

Shuffle Digits Block DIaGram.........c.ccoviueiueiuiiiiiiiiieiiciesniessse s ssssssssssssesssessssssssseans 5-142
Table Instructions 5-144

JA EO X 01V @ Y TS 5-144

Move Memory Cartridge (MOVMO) .....ccvueiureueeceniieicereieieereeeeeaseseeessesessessesessessesessessesessesseses 5-145

T % e B 071 0 N 51 ) ) O LT 5-145

Copy Data From a Data Label Area to V-IMemOIY ......cccocureeurerrecurcineeererneeenenreeesensesessessesenenne 5-146

Copy Data From V-Memory to a Data Label Area ........coceecuveunecencnecincnecnerceneinecenenneeeeenne 5-147

Set Bit (SETBIT) .ot

Reset Bit (RSTBIT)

FAIL (FILL) oottt

FINA (FIND) .ot

Find Greater Than (FDGT)
Table to Destination (TTD)

Remove from Bottom (REB)......ociiiiieiiececeeeeeeeeeee ettt sae s ses s s saesssasnessenennas 5-157
SOUTCE 10 TADIE (STT) cuviuieeeieeeieeeceeteeeee ettt ettt st s sae s s esesesse s saenessensnenennas 5-160
Remove from Table (RET) .c.oioiiceeeieececeeeeceeeeeeeeee ettt sas s s s sse e ss s sesse s saenesasnesenennes 5-163
Add 10 TOP (ATT) ettt seae ettt sttt staes 5-166
Table Shift Left (TSHTEL) ...ouivviviieeieeeeeieeeeeeeeeeeteeee ettt vese e s s ses s ssessssssensssesesssnsesensnnas 5-169

xii I DL205 User Manual, 5th Edition, Rev. C



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

Table Shift Right (TSHFR)
AND Move (ANDMOV)
OR MOVE (ORMOV ).ttt s sttt sassesas s s sas b ss s b sasbessssssesssassessssesssnsessnsnses

Exclusive OR MOVE (XORMOV) ...ttt saesssse e ssssssssessssssssssssssssensesensnas 5-171
Find BlOCK (FINDB) ...voviviieeeeieeieeteeeee ettt ettt sae s s s s sssssssenssassessssensessnsesensanas 5-173
SWAP (SWAP) .ttt ettt ettt e 5-174

Clock/Calendar Instructions 5-175
DALE (DATE) .ttt ettt s et e s et ensesess et ese s esensesensesess et esensesensesensnen 5-175

TIME (TIIME) ..ottt ettt ettt ettt eae s es et ese s esess et esss et et eseasesensesessesesenseseaseseasnen
5-176

CPU Control Instructions 5-177
NO Operation (INOP) .....ccvuricuirieieinicineireeineiseee et ssesseeesetsssessesseeessessssessessesessessssessessesessesssecs 5-177
ENA (END) oottt ssss st b et b s a b sa b sas b se st sae b s se b b st b enssaessanaesansnans 5-177
SEOP (STOP) ettt seeebesiseb st seb st sttt sttt 5-177
Reset Watch Dog Timer (RSTWT)...c.ovciriciiricicinieneineeeietneeesesseeeesessesessessesessessesessessesessesssees 5-178

Program Control Instructions
Goto Label (GOTO) (LBL) cucuiuiveviieiiieeeicietetetetetetees ettt ae bbb bbb sesesanans
For/Next (FOR) (NEXT)....cccceveueuenee
Goto Subroutine (GTS) (SBR)
Subrouting RetUrn (RT).....coccueueueieieieeecieierere ettt be bbb as bbb sesesananans
Subroutine Return Conditional (RTC)
MaSter Line St (IMILS)...coveveueuereiiririeieieteieeieteteteesetstese s ssssssse st sesessssssesesasassssssesesesassnssssesesasas
Master Line ReSet (IMLR) .....c.cvoveuievireiereiereeeeeteeeeteeeteeeseseeteseese s esessesesesesesesesesessesesesesensesensenes
Understanding Master Control Relays
MLS/MLR EXQMIPIE.....oiviiiiiieiicierieiieniiieniseseesseseiseese e sse s ssesassssssssssssssesssssessees

Interrupt Instructions
INtEITUPE (INT) oottt ettt ettt ettt eeee
Interrupt RetUrn (TRT) ....ccueciciricciriceirecircireeiree ettt seee et see et eeesessesesseseesessesenecs
Interrupt Return Conditional (IRTC) ...c.ccvveuiurreinerrreineinecineineeineireeeesesseeessesseeessessesessessesessesseees
Enable INterrupts (EN)......c.occreureuniirieneinieieinieerseesetsesesesseeesesseeessessesessessesessessesessessesesesseees
Disable Interrupts (DISI) ...c.ccccveureeureurieineiricireinieiersreesetseeeesesseeessessesessessssessessesessessssessessesessesseees
Interrupt Example for Interrupt Module

Interrupt Example for Software Interrupt

Intelligent 1/0 Instructions
Read from Intelligent Module (RD)

DL205 User Manual, 5th Edition, Rev. C I Xii


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

Write to Intelligent Module (W'T) ...c.cvvciicinirreninieneieeeeieeseieienseseeenseseeensessesessesesesseseans 5-192

Network Instructions 5-193
Read from NetWork (RX) ....cocceeieieiiieeeieiereieteteeseese et se b se bbb s snananans 5-193
Write t0 NEtWOIK (WX o ou oottt tesee ettt tese st s et sesessas s st sesessasesesesesessssasnans

Message Instructions
FAULL (FAULT) .ottt ettt ettt ess st st esessssensssenssassensssensesenseseneanas
FaUlt EXAIMIPLE.....cuiiieeiitiecicirieciet ettt et seae st sese et sese et eae et seae st sesesactseaes
Data Label (DLBL)..................

ASCII Constant (ACON)
Numerical Constant (INCON) ......cooiiveieeieieeceee ettt s sess et sssessssesssesssssssessessnsesensnes 5-199
Data Label EXAMIPLE ....c.vucuiiieciiiriciciricctreccieeeet ettt tsese et sesesetsesessessesessessesessesseees 5-200
Print Message (PRINT) ...c.cc.ocireininieeineeieineeeiesseeesetseeesessesesessesesessesessessesessessesessessesessesseses 5-201

Modbus RTU Instructions (D2-260/D2-262) 5-205
Modbus Read from Network (IMRX) ...ccvevevirererciieieieeeteeceeseee et sesesssssesesesesesesssesesesenes 5-205
MRX Slave Memory AddIess.........cccoouuiuimiuimiriiiicicicinisis s sssssssees
MRX Master Memory AdAIESSES..........cuuuiuuiuriuriniirieeiciriieieisieeessieeeessssese s ssssessessssesesssees
MRX NUMDer Of EIEMENLS ..o saesessssssssssssessesesessesses
MRX Exception ReSponse BUFfer ..ottt ssesesessesesesseees
MRX Example......c.oceveureeeeneireeeneereennes
Modbus Write to Network (MWX)
MWX Slave MemoOry AddIess ... sssssssssssssssssssssssessens
MWX Master Memory Addresses
MWX NUmber 0f EICIMENES ......c..cuueueruieieiieieieeeiieseieeseseiese e ssesssssssssssesssesessessessens
MWZX Exception ReSpOnse BUTfer .........ccocuveiiurieeiniinieineiniieicineireiseieietseieietsesesessesesessesesesseaes
MW X EXAIMIPLE ..ottt ebe st seses

ASCII Instructions (D2-260/D2-262)
Reading ASCII INPUL SEENES c..cucvvuerirrieeieirieeieirieeictseeeeetseeeeesseeesesseeesessesessessesessessesessessesessesseaes
Writing ASCIT Output Strings......cccciiiiiiiiiiii s
Managing the ASCIL StINES ...c..cvueuerrieerrerrieeicireeeierseeeeerseeeeesseeeeessese et sesesessesesessesessessesessesseaes
ASCITINPUL (AIN) cooiiiiiii i s
AIN Fixed Length EXQmPIES........ccceveurieeinirrieiiinieicineeeetseeeeetseeesetseeessessesesessesesessesessessesesesseses
AIN Variable Length EXampIe........cocurieucurieeiniirieeincrnieinetneeeietneeenesseeessessesesessesessessesessessesessesseses
ASCII Find (AFIND).....cccoeunnnnee
AFIND Search Example
AFIND Example Combined with AEX INSIUCHON ....vucvrreeecrreecierrieeierreeenetreeenserseeenenseeenesseees 5-219

H DL205 User Manual, 5th Edition, Rev. C
Xiv I



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

ASCIL EXETACE (AEX) wotiiieieieeeeieeeeeeeteteeeee ettt sttt e st st se st saessstessssesesesensssensesensanas
ASCII Compare (CMPV) ....ccuirieireirieineiricineinieetnetseeessetsese st ese et saessetsesessetsssessessesesesssees
CMPV Example.......ccveueueuneernernecnncrnecnnennene

ASCII Print to V-memory (VPRINT)
VPRINT Time/Date Stamping.......cccviiiriiiiiiiiiisssisssssssssssssssssssssssssesssns
VPRINT V-memory element .........ccoceueee.

VPRINT V-memory text element
VPRINT Bit €lEMENT ....euveereieciiiiecireieeeceneeeisetseteeseesesesseesese s tsese s tsese s esese s ssesessessesesaessesesacsnesens

Text element 5-225

VPRINT Example Combined with PRINTV INStruction .......ccccveeeeeereeeeceneeeeeeneveneenesensennenns 5-226
ASCII Print from V-memory (PRINTV) ....cccoveunirerireeineineeineireeenerseeeesessesessessesessessesessessenes 5-227
ASCII SWap Bytes (SWAPB) ......c.veuririeieiricintirieetetseeetsetseietsetsese et ese et ssessessesessessesessessesesesssees 5-228
SWAPB EXAIMPLE ..ottt ettt seseese sttt ettt ssese e seene 5-229
ASCII Clear BUffer (ACRB) ..ottt sas st sae st ssese st ssessssensesensnas 5-229
ACRB EXAIMPLE ..ottt eae ettt ettt sttt eeaesesseee 5-229

Intelligent Box (IBox) Instructions
(D2-250-1, D2-260 and D2-262 Only) 5-230

Analog Input/Output Combo Module Pointer Setup (ANLGCMB) (IB-462).......ccccvuevemneeee 5-233
ANLGCMB EXAIMPIE ...cuviieiiicieieicieinei ettt ecse sttt sttt seseae e ssenesesaes 5-234
ANLGIN EXAMPLE..uiiiiriiiiiieiicieirecietrect ettt tese bbbttt ese e s ssenesesaes 5-236
ANLGOUT EXQAMPLE ..cuvirieiiicicieicieirecieiee sttt seses et sttt sesese s seaesesnescseses 5-238
ANSCL EXAMPILE..ctriuiiiriiieiiiieiricieireicietseict ettt eese bbbttt st eae s tneesesaes
ANSCLB EXAIMPIE ...ttt seese et eese ettt ettt st sese e tnesesesaes
FILTER EXAIMIPLE...ciuiiiiiriiiiiricieiri ettt es ettt ettt seaenns
FILTERB EXQIMIPLE ...uvuiuiieiiciricieiricieinecteiee ettt es ettt sttt seese e sessacans
HILOAL EXQAMPLE..ceiiuitiiiiiiricieiiiieirecieieecistseae e eesetsesesetseaese sttt ssesesstesesseaesesseaesessassns
HILOALB EXAMPIE ...uiiieiiricieiricieinecteieecistreaet et cse ettt sttt s tseaese s ssasnns
ONDTMR EXQAMPIE ..ttt ese ettt seese e sessasans
ONESHOT Example
PONOFF EXAMPLE....uvriuiiriieiricieirieeieinecieieeciseseietseesetsesesetsesese et sese et ssesesstsesesesassesseacsessassns
MOVEW Example
MOVED Example .....ccccvveuerrenecrrencrcenenceennee
BCDTOR Example
BCDTORD EXAMPIE.....triuiiiiriiieiriiiriicieieecistneietseeietseese et setsesetessesesstsesessssssessencsessacsns
MATHBCD Example
MATHBIN EXAIMPLE ...ttt eecietsesesetseaeseas et ese et ssesetstsesesseaesessesesessassns

DL205 User Manual, 5th Edition, Rev. C I
XV


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

Xvi

MATHR EXAIMPLE ...ttt ettt ssesse bt ases bt seseeaeaesneac
RTOBCD EXAMPLE...uviriiiiiiicirieeciriticineiete ettt stese sttt seaes et senns
RTOBCDD Example
SQUARE EXAMPLE....uuviriiiiiiicirieiciritietreetetsesetstese sttt seese sttt sttt senns
SQUAREB EXAMPIE ...ttt ettt
SQUARER Example.....
SUMBCD EXAMPIE ..ttt ettt sesese ettt ettt
SUMBIN EXAIMPLE .....cuvirieiiiicirieeciritietreiesetseseieesesebeeeae st tssae st seeasse s s sscasssssesesenns
SUMR EXAIMPLE....eeiiuiiieiirieictriee ettt ettt sesese st sae sttt ettt
ECOMI00 EXAMPLE ..ottt esese et se et seasse s senas
ECDHCPD EXAMPIE.....oiuitiicirieieinitieirieteisesceetseietettietstesesstssae sttt s s s sseasssssesesenns
ECDHCPE EXAIMPLE...ueiiiiriiiicirieicinitieirieieiseacietseseteetietseesetstssae st sescseeasaesseseseseasssssesesenns
ECDHCPQ EXAMPLE....eoriuiriiiiirieicinitieirieteineetetseieteetiet s ssessae st ssese et esesesseassssnesesenns
ECEMAIL EXAMPIE...uiiiiiiiiiiiiriiciritieinecte ettt sttt et seaes s senns
ECEMRDS EXAMPIE....eiiiiiriiiiiriiecinitieireeieseeisesei ettt seesetstssie sttt eeatse s s seaesssseaesenns
ECEMSUP EXQAIMPIE...eviiiiiiiicirieeciitieineetetseeietses ettt seesetstssae st se et seseaesesseaesenns
ECIPSUP EXAMPIE . .cuviiiiiiictriee ettt ettt seese ettt senns
ECRDDES EXQAMPIE ..ttt ettt sttt senns
ECRDGWA Example
ECRDIP EXAMPLE ...ouvuiiieiiiicirieecisitietneet ettt sesese s tssae sttt seaesesseaesenns
ECRDMID EXAIMPIE «..ceiriiiiictricecinitieireiesetseacietsesebettie s ssessse sttt beeasse s seaesessesesenns
ECRDNAM Example
ECRDSNM EXAMPLE.....oiuiriiiirieeciitietrieteisescietseietsetaetsesesessessae st seseseeassesseseseseasssssesesenns
ECWRDES EXAMPLE ....vreiiiiiriceciricieireieieisesctetsescteesiet s ssessse sttt seaesessesesenns
ECWRGWA Example
ECWRIP EXAIMPIE ....cuvirieiiiictrict ettt stese s essae sttt senns

ECWRMID EXAMPLE ..ottt sttt seaese s senns

ECWRNAM EXAMPLE...oriuiiiiiiirieieiriiieiricieineeietres ettt seesessessae et st eeasse s s seasssssesesenns

ECWRSNM EXAMPLE....oriuiriiiiirieieiitieirieieiseeseeseiesettietsesesesstssae st sese et sesseasssssesesenas

ECRX EXAMPLE ...ttt ettt sttt ettt eeae

ECWX EXAMPIE..uviiriiiicieitictriet ettt tsescas ettt sttt sttt ettt enas

NETCEG EXAMPLE....criiuiiriieiiriiicirieicisetietnteieesect sttt tstese bt asese et sasesesneassesseaes

NETRX EXAIMPLE ..ottt ettt b et ses ettt sneaes

NETWX EXAIMPLE...uriiiiiriiiciriiieirieieiseeieestes ettt setstsse bt ssese st saneseseeassesseacs

CTRIO Example (10€al DASE) ...c.veuviuiueiricieiicirieiciritictricececie ettt 5-335
CTRIO Example (EBC DASE) ...cuvueuriuieirieieiecirineiciricict ettt esesessesesessesesenns 5-335

I DL205 User Manual, 5th Edition, Rev. C



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

CTRADPT EXAIMPLE...uriuiiiiriicieiriecineiniecietneeeietseee et ssetsesesetsesesessesessessssessessesessessssessessesessesseees 5-337
CTRCLRT EXAIMPLE ...ttt et setseee et sese e tsese et esessessesessessssessessesessesseees 5-340
CTREDPT EXAMPLE ...vreiiiieictriecieineicictreeeectseee et setseeeses s setsese et sesessessesessessesessessesessesseaes 5-343
CTREDRL EXQIMPLE ...vrveeirtieicrriecictrieeietseeeeetseee et eeessessesesessesessessesessessesessessesessessssessessesessesseees 5-347
CTRINPT EXQAMPLE c..vrreiriiecictrieeietseieietseeeeeaseee et seeessetsesesesseaessessesessessesessessesessessssessessesessesseees 5-351
CTRINTR EXAIMIPLE..ccuiiiiiiiiicicirieeieiriecietreeeeetseee et setsesesetseaesessesesessssesessesessessssessessesessesseses 5-355
CTRLDPR EXAMIPIE ..ttt et setsese et sesesesseaesessesessessesessessssessessesessesseees 5-359
CTRRDER EXAMIPIE....riuiiirrieiiirriicieinieeietreeeeetseee et sesseseeetseaesessesesessssessessesessessssessessesessesseees 5-362
CTRRTLM EXAMIPIE «..cveiirtriicrriecictrieeictseeeictseee et setseeesset e tseae et seseasessesessessssessessesessesseees 5-364
CTRRTPM EXAMPLE «..cveiitreicrriecictreiccteeeietseee et setseee et seae et seae et esessessesessessssessessesessesseees 5-367
CTRVELO EXAMPLE...rrriiiiiicireirieieiriectseeeietseee et setseeesetseaesetseae et sesesessesessessesessessesessesseees 5-370
CTRWETR EXAIMPLE ...ttt seee et seae e tseae et ese et sesessessssessessesesscsseees 5-373
Chapter 6 - Drum Instruction Programming (D2-250-1, D2-260 and D2-262 Only)
Introduction 6-2
PUIPOSE . 6-2
Drum TerminolO@y ..ot eae 6-2
Drum Chart Representation ... ssssesscssssessesens 6-3
OULPUL SEQUEIICES......cuviiieiiiii bbb 6-3
Step Transitions6-4
Drum INStruction TYPES......covcueuieiueinieiiiiieiriieirieeteie ettt saes 6-4
TimMer-Only TrANSItIONS  .....c.eveuieereeirieereieieietreeerie ettt ese bbbt seae 6-4
Timer and Event Transitions ... ssssenas 6-5
Event-Only Transitions.......ecuereunieereuieerernieereesesesessesessesesesessesessessesessessesessessesessessesessessesesseseens 6-6
Counter ASSINIMEINTS ......ccciuiuiiiiiiiiiii bbb 6-6
Last Step COMPLETION.....cucuurureriiiereeiieeieciiieeseiseeeraees st ssese e ese bbb sese s seese e seeae 6-7
Overview of Drum Operation 6-8
Drum Instruction BlOck DIQGIam .......c.cccuevueueeuiuneuiineierseieeesesesessessessessesssssesssssessssssesessessessenns 6-8
Powerup State of Drum ReISLEIS .........c.vuiuuiiieiiciiieiieiicissieisie s sessssssssssssessens 6-9
Drum Control Techniques
Drum CONtrol INPULS.....c.ccueueiiirieeiciniectneeeeteee ettt seseesesseseese st seesesessesesseseesessessesesscsens
Self-Resetting Drum ........ccccveeeevcereeencrreenencrrevrecrnennene
Initializing DIUm OULPULS ....c.cceueeeeerrieeierreeeieteeeeetseeeeesseseeesseseesesseseesesseseesessessesesseseesessessesessesens

Using Complex Event Step Transitions

Drum Instructions

DL205 User Manual, 5th Edition, Rev. C I ==
XV


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

Timed Drum with Discrete Outputs (DRUM)

Event Drum (EDRUM) .....ooooiiviieeeeeeee s

Handheld Programmer Drum MNEIMOMNICS.....c.ceueureurecureureerriueeetrerneessessesessessesessessesessesseseseseens
Masked Event Drum with Discrete Outputs (MDRMD) ......cocvireurerrencrnernercrnieneennerneennennesennennene 6-19
Masked Event Drum with Word Output (MDRMW) ......ccoeeuniurincinirrercrnerneerneineennennesennensesensesnene 6-21

Chapter 7 - RLLP!us Stage Programming

Introduction to Stage Programming 7-2
Overcoming “Stage FIIGht” ... ese s 7-2

Learning to Draw State Transition Diagrams 7-3
INtrodUction t0 PrOCESS STALES ......c.cueuiuciricieiricieirecietr ettt ettt ettt 7-3
The Need for State DIagramis.......cccieeueuieerernieermeresererneeeresesesessesessessesessessesessessesesessesessessesesesens 7-3
A 2-5taLE PIOCESS ..ottt ettt ettt ettt 7-3
RLL EQUIVALENT ...ttt ese s ssc st seesesncsens
Stage Equivalent
LEt’s COIMPATC....ccuvrreirieiecinieiecitiereeeteeese i st ese s eb ettt sttt beae
INIHHAL STAGES w.vovvevrereireeiiciieeeeciere ettt bbbt eae

What Stage Bits Do
Stage Instruction Characteristics

Using the Stage Jump Instruction for State Transitions 7-7
Stage Jump, Set, and Reset INSLIUCHONS .......cuvvruiuiviireieireieieie e sasesessssssesssesessssesessenas 7-7
Stage Program Example: Toggle On/Off Lamp Controller 7-8
A 4-51aLE PIOCESS ...ouiiiiiiiiiiiiic bbb 7-8
Four Steps to Writing a Stage Program 7-9
Stage Program Example: A Garage Door Opener. 7-10
Garage Door Opener EXAMPLe ..ottt ssessesessessesessessesesscsens 7-10
Draw the BIOCK DIagIam.......cccveueueercuriueecinieeictneieietneeseesseieesesseseesessessesessessesessessesessessesessesesesesens 7-10
Draw the State DIAZIamm .....c.occecuriueecrrieeieineeeictreieietseeeeessese et seseese s ssessesessessesesseseesssesesesncscns 7-11
Add Safety LIght FEAtUIE .......ccvcuiueicirieeicireieicireeeetneieee et esetseseesetseseese e ssessesessessesessessesesncsens 7-12
Modify the Block Diagram and State DIiagram.........ceecureueercrneueencineenerernerneenneeneessesnesessensesessesnene 7-12
Using a Timer INSide @ STAZE ...cc.vuevcriueircirieeircireeetreieeeneie et sseseesessessese s eseesessesseseseseens 7-13
Add EMergency StOP FEATUIE ....c.ccucuiueicireeeicireieietneeeectneieeetseseese et seesessessesesessesessessesesncsnens 7-14

Exclusive Transitions

Stage Program Design Considerations 7-15

HH DL205 User Manual, 5th Edition, Rev. C
XVHI I



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

Stage Program Organization.........ccciiiiiiiiiiiiiicc s 7-15
How Instructions WOrk Inside SEAGEs .........ccveureueuerrieeirernieeecineieineineeseressessesessessesessessesessessesesseseens 7-16
Using a Stage as @ SUpervisory Process...........cccoiiiciiiiiniiiccccisscce e 7-17
StAGE COUNTET ...t bbb bbb 7-17
Unconditional OULPULS.......c.eeeecurieeircirieeireineeeieireiete ettt et seene 7-18
Power Flow Transition TEChNIQUE .......cvvueueuriueriirieeieineiecireeieiscie ettt scseene 7-18

Parallel Processing Concepts

Parallel PrOCESSES........cuvueemiieeeciiieietreie ettt e e s eae
CONVEIGING PIOCESSES ......couvueeriaiiirieieeiaeiecss s eseasssse s s s sess s sasees s ses s ssessaesssssasesenses
Convergence Stages (CV) ... ese s ssese e sse s ssssesssessessssseseseseens
Convergence Jump (CVIMP) ..o e ese e sse e esessseens
Convergence Stage Guidelines

Managing Large Programs
Stage Blocks (BLK, BEND) .....cutuiuiueiiiriieieiniieieinieeseiseiesseisesesessesessessese e ssesessessesesssseesesssssesesncscns

B33 e Yel S OF | NG 517N 5 5 OO
RLLPLUS

(Stage) Instructions

SEAGE (SG) cevrriieecieeei e e e

Initial Stage (ISG)

JUMP (JMP) ceeiicieiriciiccintecteeceeiseeieisecieeseese s

Not Jump (NJMP)

Converge Stage (CV) and Converge Jump (CVIMP) ..o 7-25

BlOCK Call (BCALL) .ottt ettt ettt eseesesessesesetensenessesessesessnsesensesensesenssennnns 7-27

BIOCK (BLK) ..ottt ettt et esesesseseseesens et essesesesesensetensesensesesesesensesensesensesessnsesenes 7-27

BlOCK ENA (BEND) ..ottt ettt esseseseesesensesessesensesensasessnsesensesensesenssessnns 7-27

Stage View in DIreCtSOFT ...t 7-28
Questions and Answers about Stage Programming 7-29

Chapter 8 - PID Loop Operation (D2-250-1/D2-260/D2-262)

D2-250-1, D2-260 and D2-262 PID Loop Features 8-2
MAIN FEATUTES. ...cvieieeteetieteteet ettt ettt e e e ebe e e e s e s e essesre e b eeseesseesaessesseenseessessesssensenssensesseensansannes 8-2
Introduction to PID Control 8-4
WHhat 18 PID CONLIOI? ...ttt ettt s e e s sessstensssssesesesssennsnene 8-4
Introducing DL205 PID Control 8-6
Process Control DefINItiOnNS. .....cicivviveveveeiiieieeeeeeecee et seses ettt s ssss s esesetesenssssesesesenes 8-8

DL205 User Manual, 5th Edition, Rev. C I :
XIX


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

PID Loop Operation
Position Form of the PID Equation

Reset WIndup PrOteCtion ......c.cccucueecueuricireinicineireenetseetsessesessessesessessese e ssesesessesessessesessessesssncsces
FIEEZE BIaS ..ottt
Adjusting the Bias
Step Bias Proportional to Step Change in SP

Eliminating Proportional, Integral or Derivative ACtION .........cececurerrecrrerreceneineernerreeeerensesenenens 8-12
Velocity Form of the PID EQUAION ....c.euvcuiveecireeeictreieecineeeictneeeesctsesensetseseesesseseesessesessessesessesnenes 8-12
BUMPLESS TLANSTET .....uvreeieecitiriiciciee ittt bttt 8-13
LOOP ALAIINIS. . ceeutrieinirieeicieeeiti ettt eae bttt bttt 8-13
LOOP OPerating MOES.......c.vucuiuieeimierieeiieneieitineeitiseseisessese s sstss s ssesessessesessessesessesssssssessesesnenns 8-14
Special LoOP CalCulations ........ccceuecuiuricineinicineinieineiseeineisesetseseesessessese et ssessesessessesessessesesnesces 8-14

Ten Steps to Successful Process Control 8-16
Step 1: KNOW the RECIPE....c.curiuieriiciriiciricicrectrcie ettt e 8-16
Step 2: Plan LoOp Control StrateZy ... sessesessesessensesseseseseees 8-16

Step 3: Size and Scale LOOP COMPONENLS .....vururiueueuiuceeirieeieiicietreecieeeaetseesesseeaeesesesessesesessescsenns 8-16
Step 4: Select I/O MOAUIES .......cucuieveereieciricieireciereceieceetsecee e
Step 5: Wiring and Installation

Step 6: LOOP PAr@meEters.......ccceueueiriririiiceciciereieieieeetcseienetese et ne s st sesesesnes
Step 7: Check Open Loop PerfOrmance.........ocvcuereeunierieunienieineiseeiseiseessessesessessssessesssessessssenns
Step 8: LOOP TUNING ....cuviuiriiiiiiiciiicic s
Step 9: RUN Process CYCle ... ssensenes
Step 10: SAVE PATAMETETS ....c.cucuviiriririeccecieiereieneeeeenececeeiese et esesesese e e s st sesesenes

PID Loop Setup
Some Things to Do and Know Before Starting.........cccuecreeecunerecrnesencrneeeecrneensensesesensesensenne
PID EITOT FLAGS....tiiiuiiriieicireieicireieicnei ettt et ettt e sttt eae
Establishing the Loop Table Size and LOCAtiON.........ccccueurcunierecuniericrneieeeineeeeensesesenseaesensesensenne
Loop Table WOrd Definitions .......c.ceueeeuiereueuiureecrierieieieeseseseesesteeesessesessessesessessesessessesessessesesnenne
PID Mode Setting 1 Bit Descriptions (Addr + 00).......cccoveuevrcerererrcererennce
PID Mode Setting 2 Bit Descriptions (Addr + 01)......ccoeeeeueericunireerreieeeineeeeeineeeeenseeeeenseseeenne
Mode/Alarm Monitoring Word (Addr 4 06) .......cocvecueericrnierieininieireieeeiseeseessesesesseeesesseseesenne
Ramp/Soak Table Flags (Addr + 33) ...c.cocvevinininnnciiciicincnes
Ramp/Soak Table Location (AdAr + 34) ..c..cevcurrereninecineirecireirecreiseetnessesessessesesessesessessesesesees
Ramp/Soak Table Programming Error Flags (Addr + 35)
PV Auto Transfer (Addr + 36) from I/O Module Base/Slot/Channel Option ..........cccvcureuuncen. 8-25

DL205 User Manual, 5th Edition, Rev. C
XX I



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

PV Auto Transfer (Addr + 36) from V-memory OPtion .........ccucveeercureernerreernerreernemseersenneenne 8-25
Control Output Auto Transfer (Addr + 37) .c.cveinecireeeneereeeseenesese e seseesenne 8-25
Configure the PID LOOP.....cceeuieereunieereineieieieieneiseeeseasesessessesessessesessessesessessesessessesessessesesessesesns 8-26
PID Loop Tuning 8-41
OPEN-LOOP TSt es 8-41
Manual TUNING PrOCEAUIE .......c.cuiuiiiicireieieieie ettt ssesasssesanes 8-42
Alternative Manual Tuning Procedures by Others...........cccocuviuninininciniinincninciccreiecns 8-45
Tuning PID CONtrollers........oviiuiiiiiciciciici st ssssssaes 8-45
Auto TUNING PTOCEAUTE ... 8-46
Use DirectSOFT Data View With PID VIEW......c.ccceueurierninininenieneeseeeneee e nsessensessesasssesanns 8-50

Open a New Data View Window
Open PID View

Using the Special PID Features
How to Change LOOP MOGES......c.uueuuiueriuniieieiniieieinieieineie e ssesessessesessessesessessesessessesenns
Operator Panel Control 0f PID MOES ........ccocueueueunieuiunieereinieieineeneisesesessesesessesesessesessessesenns 8-54
PLC Modes Effect on Loop Modes
LOOP MOAE OVEITIAE .....vevereieiieicieieicieieieieie ettt seese e
PV ADNQALOZ FIILET c..nvieiiiiececiicciect e st
Creating an Analog Filter in Ladder LOGIC......coeueureeuiureerirnicieireeieinereerseenessesesessesensessesenne 8-56
Use the DirectSOFT Filter Intelligent BoxX INStruction.......cocuecucureecmerrecrneereenerneeneeneensesnenenne 8-57
FAlterB EXAMIPLE «..couvvveiriiieciiieiciiierciiescteiessetese e ese s seesnes

Ramp/Soak Generator
INETOAUCHION .o
RAMP/SOAK TaDIe......coeieiiiiiiiciccec e e
Ramp/S0ak Table FIags...........cccciuiiiiiiiiiiicicicicisiiecisse s sssaaees
Ramp/Soak Generator ENable ... e ssessssesssens

RAMP/SOAK CONLIOLS ... e e
Ramp/Soak Profile Monitoring........
Ramp/Soak Programming Errors
Testing Your Ramp/S0ak Profile ..........ccciiiiiiiiiiiiciicscccsceeiseisss s sssseons

DirectSOFT Ramp/Soak Example
Set Up the Profile in PID SEtUP......ccccvieveureeereurieereirieieireienesseseseisesesessesessessesessessesessessesessessesenns
Program the Ramp/Soak Control in Relay Ladder
TSt the PrOfILE ....uceciniiecicicccctcccc ettt

DL205 User Manual, 5th Edition, Rev. C I :
XXI


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

Cascade Control 8-65
INtrOAUCHON ..o 8-65
Cascaded Loops in the DL205 CPU 8-66
Tuning Cascaded LOOPS ..ot 8-67

Time-Proportioning Control 8-68
On/Off Control Program EXample ..o sessesssssesssssesssens 8-69

Feedforward Control 8-70
Feedforward EXAMPLE ..ottt sttt 8-71

PID Example Program 8-72
Program Setup for the PID LOOP .....cvueueuriuercuniiereineieieineienciseseieisesesessesesessesesessesessessesesessesenns 8-72

Troubleshooting Tips 8-75
Q. The Ramp/Soak Generator does not operate when I activate the Start bit.......c..cccccveveuevnee. 8-75

Glossary of PID Loop Terminology 8-77

Bibliography 8-79

Chapter 9 - Maintenance and Trouble Shooting

Hardware Maintenance
StANAATA MAINEEIIANICE ..ottt ettt et et e esaeetestest et eseesesseesessesententesessessesseesenseneesessessessensen

Air Quality Maintenance

LOW Battery INAICAtOT ....cuuvueceiecieeeicireieicietceret ettt bbbt saen
CPU Battery RepPIaACIMENT ....c..cucuuiuieeiiiriecieieieceneieneeteieiaeisesesseesesesseaesessessesessessesesssssesessssesessesnesesaees 9-2
Diagnostics 9-3
DIagNOSTICS .. oottt s 9-3
Fatal EITOTS .o.vuiiiii s e 9-3
NON-fALA] EITOLS.....ocoiieiiiiiiciciiiciseii it 9-3
Finding Diagnostic INfOrMAation ...........cveueueuerermererererieeienieierinetseaeasesessesesese s ssessessssessssses 9-4
V-memory Locations Corresponding to Error Codes..........cccveuuicuniiniemncrneemnerneenseeeeneneenenne 9-4
Special Relays (SP) Corresponding to Error Codes ..........ocnirmcenieecenieeecineenenseeenenseeennens 9-5
I/O Module Codes.........ouimimiiiiiciiic e 9-6
Error Message Tables ..o e e 9-7
SYStEM EITOT COMES......ouvieiriiiciiiicieieiciet ettt 9-8
Program Error COAES ..ottt sse s s sse s ssenaes 9-9
CPU Error Indicators 9-10
PWR Indicator 9-11

= DL205 User Manual, 5th Edition, Rev. C
XX I



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

Incorrect Base POWET ...t 9-11
FAULILY CPU ...ttt e e e et 9-11
Device or Module causing the Power Supply to Shutdown ..........coceeveuveevcrninencinencreeeeennne 9-12
Power Budget Exceeded

Run Indicator ........c.oveveveveveeeerereeeeeereeeerennes
CPU Indicator
BAT T INAICALOT ..ttt ettt se et et se s ese s et e s et essesensesesessesensesensesensesesesennnns

Communications Problems

1/0 Module Troubleshooting 9-14
Things t0 CRECK ..ottt e e e s eae 9-14
I/O DIAGNOSHICS..c.uvuiuircririciire ettt 9-14
SOME QUICK SEEPS .cucvuiuiuiieecirieictricicir ettt ettt seaeaes 9-15
Testing OULPUL POINES ......ccuiiiiiiiiiiiciciiccc s 9-16
Handheld Programmer Keystrokes Used to Test an Output Point..........ccccveeeveureeeercrreererennenne. 9-16

Noise Troubleshooting 9-17
Electrical NOISE PrODLEIMS ....c.cvcuiueiiiriieieiriecicineieieineieteiseie ettt seesesessese s sseseesescseene 9-17
Reducing Electrical NOISE .......ccueueicurieeiiiriieineineieieiseieietseieeet e tseseee et sessese s sseseesescseens 9-17

Machine Startup and Program Troubleshooting 9-18
Program Syntax CRECK .......c.cceirieeieccreee e e seene 9-18
Duplicate Reference CRECK ........c.veiuririiiriieieirniessie ettt seens 9-19
TEST-PGM and TEST-RUN MOMES......c.cccruemrimrirmeirieeienreieneineieieiseseee e sesseseseseesessessesesseseens 9-20
SPECial INSTITUCHIONS c..vuvutieceirieicteece ettt ettt seaeans 9-22
RUN TIME EILS ..t e eae 9-24
FOrcing I/O POINES.......c.coeiivieeicii s 9-26
Regular Forcing with DIreCt ACCESS.......cccuuueercuriuememrieeeereieeeireeeeesseseee e sseseesesssseesesseseseseseens 9-28
Bit OVerride FOICING .....ccviuiiciiirieicieccireeieree et seeae 9-29
Bit OVerride INICALOTS. ......c.oveviuieeeeirieieireeieree et e e seene 9-29

Appendix A - Auxiliary Functions

Introduction A-2
What are AuXiliary FUNCHOMNS?....c.ccuiurieeieiriieicineieetreieteneie ettt sses s et seene A-2
Accessing AUX Functions via DirectSOFT .........cccccoviiiiiiiniiiiiiicicsccecceas A-3
Accessing AUX Functions via the Handheld Programmer...........ccocveeunenecninencineneceneenenennennene A-3

AUX 2* — RLL Operations A-4

DL205 User Manual, 5th Edition, Rev. C I H--
XXM


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

AUX 2124 bbb
AUX 21 Check Program........cccocveeeneerecencrrecencenecencnnenes
AUX 22 Change ReferenCe......couuueuiueiiuiuereinieeeeireieieiseeese e ssessese et esessessesesseseesesscssesesnesens
AUX 23 Clear Ladder Range
AUX 24 Clear Ladders.........cccuiiiiiiiiiicisies s sssssnas
AUX 3* — V-memory Operations. A-5
AUX BT ittt A-5
AUX 31 Clear V-MEmMOTY ......covuiummreeiciiniesiniiieisssssssssssssssssssssssssssssss s ssssssssssssssssssssssssssssssnsns A-5
AUX 4* —1/0 Configuration A-5
AUX AL, bbb A-5
AUX 41 Show I/O ConfigUuration ... ssssesas A-5
AUX 42 I/O DiIagnoStiCs ...cueviucueiierieiiiciicieisiciesecie st s st sses A-5
AUX 44 Power-up Configuration Check.........ccceeuniercrneeienecneeeieesesseessessesesessesesessens A-5
AUX 45 Select CONTIGUIALION ....cuuvuuuieieeiieeeeeirieercieierereie et ssese s ssese e esesseseesesseseens A-6

AUX 46 Configure I/O

AUX 5* — CPU Configuration
AUX 51-5C ettt e ettt
AUX 51 Modify Program NamMIe .......cccceuuuiueiiniiiiiieissiessecsssssssasssssesssssesssssesssssssssssssees
AUX 52 Display/Change Calendar ... ssasesssesessssssens
AUX 53 Display Scan TIME ... sasesssssssssssssees
AUX 54 Initialize SCratchpad .........cocveeieineicicicieeeecieese e sasssessssase s ssenae
AUX 55 Set Watchdog TIIMET ..o sassssssssssssssees
AUX 56 CPU NetWork AddIess ..........cceiuieiueiiniiniiiiieieiiieiesiecssssesssisssssessssss s ssssssees
AUX 57 Set Retentive RANGES........ccovvcuiveiciiieicicct s
AUX 58 Test OPErations........ccuviucviiuiiiiiiiiiiiiiciiicsse st ssss s saessssaenes
AUX 59 Bit OVEITIAE ..ottt seeiessss et e sse e st
AUX 5B Counter Interface Configuration
AUX 5C Display Er1or HIStOIY ..ot s sssssssssssssssssssans

AUX 6* — Handheld Programmer Configuration
AUX 61, 62 ANIA 65 ...ttt sst s ss ettt se s s ssssssssssesesesessssssssssssssasesesesesesnsssnnsns
AUX 61 Show Revision Numbers
AUX 62 Beeper On/Off ...
AUX 65 RUD Self DIagNOSHICS.c.ucuueuemcrieecerireictreieietseieeesneseesetseseesessessesessessesessessesessessesessessesesessens

AUX 7* — EEPROM Operations

H DL205 User Manual, 5th Edition, Rev. C
XXIV I



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

ATUX 71 = 76ttt ettt ettt ettt ettt et s et e ke st s b et bese b ese b ebantesaneesenesenenee A-12
Transferable MemOTY ATEaS.......coueuureeureureeireireeiresseeeises st eses sttt bttt etse et secseene A-13
AUX 71 CPU to HPP EEPROM ..ottt et sae sttt et senes A-13
AUX 72 HPP EEPROM 10 CPU ..ottt ettt ettt senes A-13
AUX 73 Compare HPP EEPROM t0 CPU .......c.coiiiiiiiiiiiiiiiiccceeisccee e A-13
AUX 74 HPP EEPROM Blank ChecK ........ccocieieiiiiiiiceciciceee et snanas A-13
AUX 75 Erase HPP EEPROM ......coooiviiiirieirieiieeeee ettt ettt ettt sb et sanes A-13
AUX 76 ShOW EEPROM TYPEC....cvuiiiiiriireicireineieireistietsesseie ettt ettt sstssssesecsesns A-13
AUX 8* — Password Operations A-14
ATUX 81 = 831ttt ettt ettt ettt b et b et s et bbbt e st b et b et bene s eneaee A-14
AUX 81 MOAIfy PASSWOI........coimieciriicieiecireiecre et sse s ssesesaeene A-14
AUX 82 UNIOCK CP Uittt se st se bbb esess s s s esesebesessasassesesenn A-14
AUX 83 LOCK CPU ..ottt ssssssas s ssssssssssesesessssssssssssssssssesessssssssssssssssssesesesessnnes A-14
Appendix B - DL205 Error Codes
DL205 Error Codes B-2
Appendix C - Instruction Execution Times
Introduction C-2
V-memory Data ReISTETS .......cciuiiiiiiiiiiiiii s C-2
V-Memory Bit REGISIETS ......c.cuoiuriiiiiiiiiiiiiiciiiic s ses C-2
HOW t0 Read the TabIES......c.cuiuiuiiiieieicicicieie ettt b s st s s seaens C-2
Boolean Instructions c-3
Comparative Boolean Instructions C-4
Bit of Word Boolean Instructions C-13
Immediate Instructions C-14
Timer, Counter and Shift Register Instructions C-15
Accumulator Data Instructions C-16
Logical Instructions C-18
Math Instructions C-20
Differential Instructions C-23
Bit Instructions C-24

DL205 User Manual, 5th Edition, Rev. C I
XXV


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

Number Conversion Instructions C-25
Table Instructions C-25
CPU Control Instructions C-27
Program Control Instructions C-27
Interrupt Instructions C-28
Network Instructions C-28
Intelligent 1/0 Instructions C-28
Message Instructions C-29
RLLPLUS Instructions C-29
DRUM Instructions C-29
Clock / Calender Instructions C-30
Modbus Instructions C-30
ASCII Instructions C-30

Appendix D - Special Relays

D2-230 CPU Special Relays
Startup and Real-Time Reays .......ccocveiireciniiricineinicictneeeietneeeetseee st ssessesessessesessessesenne
CPU StatUs RELAYS ...ccuvireimcriecictriecictreicctreeeet ettt seae et sese st seae et seae et sesessesseaesnc
System MONItOTING ... e

ACCUIMUIATOT SEATUS c.vvvveeceeeee ettt ettt es et s e e et esestes et esestesessetenessenessenessesensenen

Counter Interface Module Relays

Equal Relays for Multi-step Presets with Up/Down Counter #1 (for D2-230)

(for use with the Counter Interface Module, D2-CTRINT) .....cooovtviiereereeieeeeeeeeereeeee e D-4
D2-240, D2-250-1, D2-260 and D2-262 CPU Special Relays D-5

Startup and Real-Time RelAys .......cccovuriuiiriiniincincineieieiene et ssessesssssesans

CPU Statts REIAYS ......couiiuiiiiiciiiiiic s

System Monitoring Relays.........ccccccoueunieiniicnineiniinccnnns

Accumulator Statts Reays ...
Counter Interface Module Relays ... sssesens
Communications Monitoring Relays

Equal Relays for MUlti-Step PIESEtS ..........ocviuiuriuncirereumeienienieneneiesicsseieesesessesessessessessessessessssessns

H DL205 User Manual, 5th Edition, Rev. C
XXVI I



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

Table of Contents -

Appendix E - PLC Memory

DL205 PLC Memory E-2
Non-volatile V-memory in the DL205..........cocoenreinirnincineneereeeereesee e sessesessessesesesseseseseens E-3
PLC MEMOTY PIOCESSES ..ottt saes E-5
BACKUP . .ttt ettt E-5
RESEOTE. ...ttt ettt bt sttt b et bt b et s e s ens E-5
Retentive MEMOTY .....cciiiiiiiiiiic bbb E-6

Appendix F - DL205 Product Weight Table

DL205 Product Weight Table F-2
Appendix G - ASCII Table

ASCII Conversion Table G-2
Appendix H - Numbering Systems

Hexadecimal Numbering System H-3

Octal Numbering System H-4

Binary Coded Decimal (BCD) Numbering System H-5

Real (Floating Point) Numbering System H-5

BCD/Binary/Decimal/Hex/Octal -

What is the Difference? H-6

Data Type Mismatch H-7

Signed vs Unsigned Integers H-8

AutomationDirect.com Products and Data Types H-9
DATECtLOGIC PLECS ..ttt ettt ettt ettt sttt et b et ebe s be st e e ntebens H-9
C-more/C-more Micro-Graphic Panels ... H-9

Appendix | - European Union Directives (CE)

European Union (EU) Directives I-2
IMEMDET COUNLTIES ...cuveeeieeeeeevetetereteitcesesee et e st e st b bbb ss s s sssbebebebessssssssssssassesesesesesanssananenes I-2
APPIICADLE DITECHIVES ..ucvrveieirieiecireieictsetetet ettt sese bbbt b et ses bbbt sesaetsesenac I-2
COMPLAIICE ..ttt sttt sttt bbbttt I-3
With respect t0 the D2-262:......cccuieeicirieeieireieeeireieeeireeeietsesesetsesetset st sese et sese e ssese s ssesesessesesac I-4
GENETAL SALELY ..ottt ettt bbb I-4
Other Sources of INfOrMAtION .......c.cveviuieieiieieieieiieecce ettt bbb s s asees I-5

DL205 User Manual, 5th Edition, Rev. C I =
XXVII


https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

- Table of Contents

Basic EMC Installation Guidelines I-6
ENCIOSULES. ...ttt ettt ettt bbb s
AC Mains Filters
Suppression and FUSING. ..ot
Internal Enclosure Grounding............couiiiiiiiicccccse s sssssssssssssssssens
Equipotential GrOUNING .........cc.oceiueueieiereierereieeriesieieeessisesseesesse e s sss s sasssesssssssssessesennes
Communications and Shielded Cables
Analog and RS232 Cables ... seees
Shielded Cables Within ENCIOSUIES ......c.cceuivieeiiirieieireieieiseeteieieie ettt ssseeae
Analog Modules and RF INtErference ... sssssesssssesessseees
NEIWOTK ISOIAtION ..ottt ettt tes
DC POWETEA VEISIONS ....ouvuvieeiiiacieiticieereicieicee ettt sesese sttt bttt sneaesesees
Items Specific to the DL205 ..o e s sse e ssessssssesssssesennes

Appendix J - D2-262 CPU

CPU Overview J-2
GeENETal CPU FEALUIES .....cucuviuieiiueteieetetrcie ettt ettt bbbttt ettt J-2
D2-262 CPU FEALUIES ......cueuiiriieeieiitieiteteteittrisest ettt ettt sttt et sae s easnen J-2

D2-262 CPU Environmental Specifications J-3

DL205 CPU Bases Electrical Specifications J-3

D2-260/D2-262 CPU General Specifications J-4

D2-262 CPU General Specifications J-5

D2-260/D2-262 CPU Program/Memory Specifications J-6

D2-260/D2-262 CPU Program/Memory Specifications J-7
USEI'S MEIMIOTY ...ttt J-7
Bit map - D2-260/ D2-262 .......couiirriieiiiciniieieieie ettt J-7
V-Memory Map - D2-260/ D2-262 .......ccoviiriiririireinicniisis s J-7

Expansion Modules Supported by D2-260 and D2-262 J-8

= DL205 User Manual, 5th Edition, Rev. C
XXVII I



https://cdn.automationdirect.com/static/manuals/d2user/d2user.html

	Chapter 1 - Getting Started
	Introduction
	The Purpose of this Manual
	Where to Begin
	Supplemental Manuals
	Technical Support

	Conventions Used
	Key Topics for Each Chapter

	DL205 System Components
	CPUs
	Bases
	I/O Configuration
	I/O Modules
	DL205 System Diagrams

	Programming Methods
	DirectSOFT Programming for Windows
	Handheld Programmer

	DirectLOGIC™ Part Numbering System
	Quick Start for PLC Validation and Programming
	Steps to Designing a Successful System

	Chapter 2 - Installation , Wiring and Specifications
	Safety Guidelines
	Plan for Safety
	Three Levels of Protection
	Emergency Stops
	Emergency Power Disconnect
	Orderly System Shutdown
	Class 1, Division 2, Approval

	Mounting Guidelines
	Base Dimensions
	Panel Mounting and Layout
	Enclosures
	Environmental Specifications
	Power
	Agency Approvals 
	24 VDC Power Bases

	Installing DL205 Bases
	Choosing the Base Type
	Mounting the Base
	Using Mounting Rails

	Installing Components in the Base
	Base Wiring Guidelines
	Base Wiring

	I/O Wiring Strategies
	PLC Isolation Boundaries
	Powering I/O Circuits with the Auxiliary Supply
	Powering I/O Circuits Using Separate Supplies
	Sinking / Sourcing Concepts
	I/O “Common” Terminal Concepts
	Connecting DC I/O to “Solid State” Field Devices
	Solid State Input Sensors
	Solid State Output Loads
	Relay Output Guidelines
	Relay Outputs – Transient Suppression for Inductive Loads in a Control System

	I/O Module Positioning, Wiring, and Specification
	Slot Numbering
	Module Placement Restrictions
	Special Placement Considerations for Analog Modules 
	Discrete Input Module Status Indicators
	Color Coding of I/O Modules
	Wiring the Different Module Connectors
	I/O Wiring Checklist

	DL205 I/O Module Specifications
	DL205 Input Module Chart
	DL205 Output Module Chart

	Glossary of Specification Terms 
	Inputs or Outputs Per Module 
	Commons Per Module
	Input Voltage Range
	Output Voltage Range
	Peak Voltage
	AC Frequency
	ON Voltage Level
	OFF Voltage Level
	Input impedance
	Input Current
	Minimum ON Current
	Maximum OFF Current
	Minimum Load
	External DC Required
	ON Voltage Drop
	Maximum Leakage Current
	Maximum Inrush Current
	Base Power Required
	OFF to ON Response
	ON to OFF Response
	Terminal Type
	Status Indicators
	Weight
	Fuses


	Chapter 3 - CPU Specifications and Operations
	CPU Overview
	General CPU Features
	D2-230 CPU Features
	D2-240 CPU Features
	D2-250–1 CPU Features
	D2-260 and D2-262 CPU Features

	CPU General Specifications
	CPU Base Electrical Specifications
	CPU Hardware Setup
	Communication Port Pinout Diagrams
	Port 1 Specifications
	Port 2 Specifications (D2-240)
	Port 2 Specifications (D2-250–1, D2-260 and D2-262)

	Selecting the Program Storage Media
	Built-in EEPROM
	EEPROM Sizes
	EEPROM Operations
	Installing the CPU
	Connecting the Programming Devices
	CPU Setup Information
	Status Indicators
	Mode Switch Functions
	Changing Modes in the DL205 PLC
	Mode of Operation at Power Up

	Using Battery Backup
	Battery Backup
	D2-250-1, D2-260 and D2-262
	D2-230 and D2-240
	Auxiliary Functions
	Clearing an Existing Program
	Initializing System Memory
	Setting the Clock and Calendar
	Setting the CPU Network Address
	Setting Retentive Memory Ranges
	Using a Password
	Setting the Analog Potentiometer Ranges

	CPU Operation
	CPU Operating System
	Program Mode Operation
	Run Mode Operation
	Read Inputs
	Read Inputs from Specialty and Remote I/O
	Service Peripherals and Force I/O
	CPU Bus Communication
	Update Clock, Special Relays and Special Registers
	Solve Application Program
	Solve PID Loop Equations
	Write Outputs
	Write Outputs to Specialty and Remote I/O
	Diagnostics

	I/O Response Time
	Is Timing Important for Your Application?
	Normal Minimum I/O Response
	Normal Maximum I/O Response
	Improving Response Time

	CPU Scan Time Considerations
	Initialization Process
	Reading Inputs
	Reading Inputs from Specialty I/O
	Service Peripherals
	CPU Bus Communication
	Update Clock/Calendar, Special Relays, Special Registers
	Writing Outputs
	Writing Outputs to Specialty I/O
	Diagnostics
	Application Program Execution

	PLC Numbering Systems
	PLC Resources
	V–Memory
	Binary-Coded Decimal Numbers
	Hexadecimal Numbers

	Memory Map
	Octal Numbering System
	Discrete and Word Locations
	V–Memory Locations for Discrete Memory Areas
	Input Points (X Data Type)
	Output Points (Y Data Type)
	Control Relays (C Data Type)
	Timers and Timer Status Bits (T Data Type)
	Timer Current Values (V Data Type)
	Counters and Counter Status Bits 
(CT Data Type)
	Counter Current Values (V Data Type)
	Word Memory (V Data Type)
	Stages (S Data type)
	Special Relays (SP Data Type)
	Remote I/O Points (GX Data Type)

	D2-230 System V-memory
	D2-240 System V-memory
	D2-250–1 System V-memory (D2-250 also) 
	D2-260 and D2-262 System V-memory
	DL205 Aliases
	D2-230 Memory Map
	D2-240 Memory Map
	D2-250–1 Memory Map (D2-250 also)
	D2-260 and D2-262 Memory Map
	X Input/Y Output Bit Map
	Control Relay Bit Map
	Stage Control/Status Bit Map
	Timer and Counter Status Bit Maps
	Remote I/O Bit Map

	Chapter 4 - System Design and Configuration
	DL205 System Design Strategies
	I/O System Configurations
	Networking Configurations

	Module Placement
	Slot Numbering
	Module Placement Restrictions
	Automatic I/O Configuration
	Manual I/O Configuration
	Removing a Manual Configuration
	Power–On I/O Configuration Check
	I/O Points Required for Each Module

	Calculating the Power Budget
	Managing Your Power Resource
	CPU Power Specifications
	Module Power Requirements
	Power Budget Calculation Example
	Power Budget Calculation Worksheet

	Local Expansion I/O
	D2–CM Local Expansion Module
	D2–EM Local Expansion Module
	D2–EXCBL–1 Local Expansion Cable
	D2-260/D2-262 Local Expansion System
	D2-250-1 Local Expansion System 
	Expansion Base Output Hold Option
	Enabling I/O Configuration Check using DirectSOFT

	Expanding DL205 I/O
	I/O Expansion Overview
	Ethernet Remote Master, H2-ERM(100, -F)
	Ethernet Remote Master Hardware Configuration 
	Installing the ERM Module
	Ethernet Base Controller, H2-EBC(100)(-F)
	Install the EBC Module
	Set the Module ID
	Insert the EBC Module
	Network Cabling
	10BaseFL Network Cabling
	Maximum Cable Length
	Add a Serial Remote I/O Master/Slave Module 
(No longer available for new applications)
	Configuring the CPU’s Remote I/O Channel
	Configure Remote I/O Slaves
	Configuring the Remote I/O Table
	Remote I/O Setup Program
	Remote I/O Test Program

	Network Connections to Modbus and DirectNET
	Configuring Port 2 For DirectNET
	Configuring Port 2 For Modbus RTU
	Modbus Port Configuration
	DirectNET Port Configuration

	Network Slave Operation
	Modbus Function Codes Supported
	Determining the Modbus Address
	If Your Host Software Requires the Data Type and Address
	If Your Modbus Host Software Requires an Address ONLY
	Example 1: V2100 584/984 Mode
	Example 2: Y20 584/984 Mode
	Example 3: T10 Current Value 484 Mode
	Example 4: C54 584/984 Mode
	Determining the DirectNET Address
	Network Master Operation
	Step 1: Identify Master Port # and Slave #
	Step 2: Load Number of Bytes to Transfer
	Step 3: Specify Master Memory Area
	Step 4: Specify Slave Memory Area
	Communications from a Ladder Program
	Multiple Read and Write Interlocks

	Network Modbus RTU Master Operation 
(D2-260 and D2-262 only)
	Modbus Function Codes Supported
	Modbus Port Configuration
	RS–485 Network (Modbus Only)
	RS–232 Network
	Modbus Read from Network (MRX)
	MRX Slave Memory Address
	MRX Master Memory Addresses
	MRX Number of Elements
	MRX Exception Response Buffer
	Modbus Write to Network (MWX)
	MWX Slave Memory Address
	MWX Master Memory Addresses
	MWX Number of Elements
	MWX Exception Response Buffer
	 MRX/MWX Example in DirectSOFT

	Non–Sequence Protocol (ASCII In/Out and PRINT)
	RS–485 Network
	RS–232 Network
	RS–422 Network
	RS–232 Network


	Chapter 5 - RLL and Intelligent Box Instructions
	Introduction
	Using Boolean Instructions
	END Statement
	Simple Rungs
	Normally Closed Contact
	Contacts in Series
	Midline Outputs
	Parallel Elements
	Joining Series Branches in Parallel
	Joining Parallel Branches in Series
	Combination Networks
	Comparative Boolean
	Boolean Stack
	Immediate Boolean

	Boolean Instructions 
	Comparative Boolean
	Immediate Instructions
	Timer, Counter and Shift Register Instructions
	Using Timers
	Timer Example Using Discrete Status Bits
	Accumulating Timer (TMRA)
	Accumulating Timer Example using Discrete Status Bits
	Accumulator Timer Example Using Comparative Contacts
	Counter Example Using Discrete Status Bits
	Counter Example Using Comparative Contacts
	Stage Counter Example Using Discrete Status Bits
	Stage Counter Example Using Comparative Contacts
	Up/Down Counter Example Using Discrete Status Bits
	Up/Down Counter Example Using Comparative Contacts

	Accumulator/Stack Load and Output Data Instructions
	Using the Accumulator
	Copying Data to the Accumulator
	Using the Accumulator Stack
	Changing the Accumulator Data
	Using Pointers
	Load (LD)

	Logical Instructions (Accumulator)
	Exclusive Or Double (XORD)

	Math Instructions
	Add Real (ADDR)
	Subtract (SUB)
	Subtract Double (SUBD)
	Subtract Real (SUBR)
	Multiply (MUL)
	Multiply Double (MULD)
	Multiply Real (MULR)
	Divide (DIV)
	Divide Double (DIVD)
	Divide Real (DIVR)
	Increment (INC)
	Decrement (DEC)
	Add Binary (ADDB)
	Add Binary Double (ADDBD)
	Subtract Binary (SUBB)
	Subtract Binary Double (SUBBD)
	Multiply Binary (MULB)
	Divide Binary (DIVB)
	Increment Binary (INCB)
	Decrement Binary (DECB)
	Add Formatted (ADDF)
	Subtract Formatted (SUBF)
	Multiply Formatted (MULF)
	Divide Formatted (DIVF)
	Add Top of Stack (ADDS)
	Subtract Top of Stack (SUBS)
	Multiply Top of Stack (MULS)
	Divide by Top of Stack (DIVS)
	Add Binary Top of Stack (ADDBS)
	Subtract Binary Top of Stack (SUBBS)
	Multiply Binary Top of Stack (MULBS)
	Divide Binary by Top of Stack (DIVBS)

	Transcendental Functions (D2-260 and D2-262 only)
	Sine Real (SINR)
	Cosine Real (COSR)
	Tangent Real (TANR)
	Arc Sine Real (ASINR)
	Arc Cosine Real (ACOSR)
	Arc Tangent Real (ATANR)
	Square Root Real (SQRTR)

	Bit Operation Instructions
	Sum (SUM)
	Shift Left (SHFL)
	Shift Right (SHFR)
	Rotate Left (ROTL)
	Rotate Right (ROTR)
	Encode (ENCO)
	Decode (DECO)

	Number Conversion Instructions (Accumulator)
	Binary (BIN)
	Binary Coded Decimal (BCD)
	Invert (INV)
	Ten’s Complement (BCDCPL)
	Binary to Real Conversion (BTOR)
	Real to Binary Conversion (RTOB)
	Radian Real Conversion (RADR)
	Degree Real Conversion (DEGR)
	ASCII to HEX (ATH)
	HEX to ASCII (HTA)
	Segment (SEG)
	Gray Code (GRAY)
	Shuffle Digits (SFLDGT)
	Shuffle Digits Block Diagram

	Table Instructions
	Move (MOV)
	Move Memory Cartridge (MOVMC)
	Load Label (LDLBL)
	Copy Data From a Data Label Area to V-Memory
	Copy Data From V-Memory to a Data Label Area
	Set Bit (SETBIT)
	Reset Bit (RSTBIT)
	Fill (FILL)
	Find (FIND)
	Find Greater Than (FDGT)
	Table to Destination (TTD)
	Remove from Bottom (RFB)
	Source to Table (STT)
	Remove from Table (RFT)
	Add to Top (ATT)
	Table Shift Left (TSHFL)
	Table Shift Right (TSHFR)
	AND Move (ANDMOV)
	OR Move (ORMOV)
	Exclusive OR Move (XORMOV)
	Find Block (FINDB)
	Swap (SWAP)

	Clock/Calendar Instructions
	Date (DATE)
	Time (TIME)

	CPU Control Instructions
	No Operation (NOP)
	End (END)
	Stop (STOP)
	Reset Watch Dog Timer (RSTWT)

	Program Control Instructions
	Goto Label (GOTO) (LBL)
	For/Next (FOR) (NEXT)
	Goto Subroutine (GTS) (SBR)
	Subroutine Return (RT)
	Subroutine Return Conditional (RTC)
	Master Line Set (MLS)
	Master Line Reset (MLR)
	Understanding Master Control Relays
	MLS/MLR Example

	Interrupt Instructions
	Interrupt (INT)
	Interrupt Return (IRT)
	Interrupt Return Conditional (IRTC)
	Enable Interrupts (ENI)
	Disable Interrupts (DISI)
	Interrupt Example for Interrupt Module 
	Interrupt Example for Software Interrupt

	Intelligent I/O Instructions
	Read from Intelligent Module (RD)
	Write to Intelligent Module (WT)

	Network Instructions
	Read from Network (RX)
	Write to Network (WX)

	Message Instructions
	Fault (FAULT)
	Fault Example
	Data Label (DLBL)
	ASCII Constant (ACON)
	Numerical Constant (NCON)
	Data Label Example
	Print Message (PRINT)

	Modbus RTU Instructions (D2-260/D2-262)
	Modbus Read from Network (MRX)
	MRX Slave Memory Address
	MRX Master Memory Addresses
	MRX Number of Elements
	MRX Exception Response Buffer
	MRX Example
	Modbus Write to Network (MWX)
	MWX Slave Memory Address
	MWX Master Memory Addresses
	MWX Number of Elements
	MWX Exception Response Buffer
	MWX Example

	ASCII Instructions (D2-260/D2-262)
	Reading ASCII Input Strings
	Writing ASCII Output Strings
	Managing the ASCII Strings
	ASCII Input (AIN)
	AIN Fixed Length Examples
	AIN Variable Length Example
	ASCII Find (AFIND)
	AFIND Search Example
	AFIND Example Combined with AEX Instruction
	ASCII Extract (AEX)
	ASCII Compare (CMPV)
	CMPV Example
	ASCII Print to V-memory (VPRINT)
	VPRINT Time/Date Stamping
	VPRINT V-memory element
	VPRINT V-memory text element
	VPRINT Bit element 
	Text element
	VPRINT Example Combined with PRINTV Instruction
	ASCII Print from V-memory (PRINTV)
	ASCII Swap Bytes (SWAPB)
	SWAPB Example
	ASCII Clear Buffer (ACRB)
	ACRB Example

	Intelligent Box (IBox) Instructions 
(D2-250-1, D2-260 and D2-262 Only)
	Analog Input/Output Combo Module Pointer Setup (ANLGCMB) (IB-462)
	ANLGCMB Example
	ANLGIN Example
	ANLGOUT Example
	ANSCL Example
	ANSCLB Example
	FILTER Example
	FILTERB Example
	HILOAL Example
	HILOALB Example
	ONDTMR Example
	ONESHOT Example
	PONOFF Example
	MOVEW Example
	MOVED Example
	BCDTOR Example
	BCDTORD Example
	MATHBCD Example
	MATHBIN Example
	MATHR Example
	RTOBCD Example
	RTOBCDD Example
	SQUARE Example
	SQUAREB Example
	SQUARER Example
	SUMBCD Example
	SUMBIN Example
	SUMR Example
	ECOM100 Example
	ECDHCPD Example
	ECDHCPE Example
	ECDHCPQ Example
	ECEMAIL Example
	ECEMRDS Example
	ECEMSUP Example
	ECIPSUP Example
	ECRDDES Example
	ECRDGWA Example
	ECRDIP Example
	ECRDMID Example
	ECRDNAM Example
	ECRDSNM Example
	ECWRDES Example
	ECWRGWA Example
	ECWRIP Example
	ECWRMID Example
	ECWRNAM Example
	ECWRSNM Example
	ECRX Example
	ECWX Example
	NETCFG Example
	NETRX Example
	NETWX Example
	CTRIO Example (local base)
	CTRIO Example (EBC base)
	CTRADPT Example
	CTRCLRT Example
	CTREDPT Example
	CTREDRL Example
	CTRINPT Example
	CTRINTR Example
	CTRLDPR Example
	CTRRDER Example
	CTRRTLM Example
	CTRRTPM Example
	CTRVELO Example
	CTRWFTR Example


	Chapter 6 - Drum Instruction Programming (D2-250-1, D2-260 and D2-262 Only)
	Introduction
	Purpose
	Drum Terminology
	Drum Chart Representation
	Output Sequences

	Step Transitions
	Drum Instruction Types
	Timer-Only Transitions
	Timer and Event Transitions
	Event-Only Transitions
	Counter Assignments
	Last Step Completion

	Overview of Drum Operation
	Drum Instruction Block Diagram
	Powerup State of Drum Registers

	Drum Control Techniques
	Drum Control Inputs
	Self-Resetting Drum
	Initializing Drum Outputs
	Using Complex Event Step Transitions

	Drum Instructions
	Timed Drum with Discrete Outputs (DRUM)
	Event Drum (EDRUM)
	Handheld Programmer Drum Mnemonics
	Masked Event Drum with Discrete Outputs (MDRMD)
	Masked Event Drum with Word Output (MDRMW)


	Chapter 7 - RLLPlus Stage Programming
	Introduction to Stage Programming
	Overcoming “Stage Fright”

	Learning to Draw State Transition Diagrams
	Introduction to Process States
	The Need for State Diagrams
	A 2–State Process
	RLL Equivalent
	Stage Equivalent
	Let’s Compare
	Initial Stages
	What Stage Bits Do
	Stage Instruction Characteristics

	Using the Stage Jump Instruction for State Transitions
	Stage Jump, Set, and Reset Instructions

	Stage Program Example: Toggle On/Off Lamp Controller
	A 4-State Process

	Four Steps to Writing a Stage Program
	Stage Program Example: A Garage Door Opener
	Garage Door Opener Example
	Draw the Block Diagram
	Draw the State Diagram
	Add Safety Light Feature
	Modify the Block Diagram and State Diagram
	Using a Timer Inside a Stage
	Add Emergency Stop Feature
	Exclusive Transitions

	Stage Program Design Considerations
	Stage Program Organization
	How Instructions Work Inside Stages
	Using a Stage as a Supervisory Process
	Stage Counter
	Unconditional Outputs
	Power Flow Transition Technique

	Parallel Processing Concepts
	Parallel Processes
	Converging Processes
	Convergence Stages (CV)
	Convergence Jump (CVJMP)
	Convergence Stage Guidelines

	Managing Large Programs
	Stage Blocks (BLK, BEND)
	Block Call (BCALL)

	RLLPLUS (Stage) Instructions
	Stage (SG)
	Initial Stage (ISG)
	Jump (JMP)
	Not Jump (NJMP)
	Converge Stage (CV) and Converge Jump (CVJMP)
	Block Call (BCALL)
	Block (BLK)
	Block End (BEND)
	Stage View in DirectSOFT

	Questions and Answers about Stage Programming

	Chapter 8 - PID Loop Operation (D2-250-1/D2-260/D2-262)
	D2-250-1, D2-260 and D2-262 PID Loop Features
	Main Features

	Introduction to PID Control
	What is PID Control?

	Introducing DL205 PID Control
	Process Control Definitions

	PID Loop Operation
	Position Form of the PID Equation
	Reset Windup Protection
	Freeze Bias
	Adjusting the Bias
	Step Bias Proportional to Step Change in SP
	Eliminating Proportional, Integral or Derivative Action
	Velocity Form of the PID Equation
	Bumpless Transfer
	Loop Alarms
	Loop Operating Modes
	Special Loop Calculations

	Ten Steps to Successful Process Control
	Step 1: Know the Recipe
	Step 2: Plan Loop Control Strategy
	Step 3: Size and Scale Loop Components
	Step 4: Select I/O Modules
	Step 5: Wiring and Installation
	Step 6: Loop Parameters
	Step 7: Check Open Loop Performance
	Step 8: Loop Tuning
	Step 9: Run Process Cycle
	Step 10: Save Parameters

	PID Loop Setup
	Some Things to Do and Know Before Starting
	PID Error Flags
	Establishing the Loop Table Size and Location
	Loop Table Word Definitions
	PID Mode Setting 1 Bit Descriptions (Addr + 00)
	PID Mode Setting 2 Bit Descriptions (Addr + 01)
	Mode/Alarm Monitoring Word (Addr + 06)
	Ramp/Soak Table Flags (Addr + 33)
	Ramp/Soak Table Location (Addr + 34)
	Ramp/Soak Table Programming Error Flags (Addr + 35)
	PV Auto Transfer (Addr + 36) from I/O Module Base/Slot/Channel Option
	PV Auto Transfer (Addr + 36) from V-memory Option
	Control Output Auto Transfer (Addr + 37)
	Configure the PID Loop

	PID Loop Tuning
	Open-Loop Test
	Manual Tuning Procedure
	Alternative Manual Tuning Procedures by Others
	Tuning PID Controllers
	Auto Tuning Procedure
	Use DirectSOFT Data View with PID View
	Open a New Data View Window
	Open PID View

	Using the Special PID Features
	How to Change Loop Modes
	Operator Panel Control of PID Modes
	PLC Modes Effect on Loop Modes
	Loop Mode Override
	PV Analog Filter
	Creating an Analog Filter in Ladder Logic
	Use the DirectSOFT Filter Intelligent Box Instruction
	FilterB Example

	Ramp/Soak Generator
	Introduction
	Ramp/Soak Table
	Ramp/Soak Table Flags
	Ramp/Soak Generator Enable
	Ramp/Soak Controls
	Ramp/Soak Profile Monitoring
	Ramp/Soak Programming Errors
	Testing Your Ramp/Soak Profile

	DirectSOFT Ramp/Soak Example
	Set Up the Profile in PID Setup
	Program the Ramp/Soak Control in Relay Ladder
	Test the Profile

	Cascade Control
	Introduction
	Cascaded Loops in the DL205 CPU
	Tuning Cascaded Loops

	Time-Proportioning Control
	On/Off Control Program Example

	Feedforward Control
	Feedforward Example

	PID Example Program
	Program Setup for the PID Loop

	Troubleshooting Tips
	Q.  The Ramp/Soak Generator does not operate when I activate the Start bit.

	Glossary of PID Loop Terminology
	Bibliography 

	Chapter 9 - Maintenance and Trouble Shooting
	Hardware Maintenance
	Standard Maintenance
	Air Quality Maintenance
	Low Battery Indicator
	CPU Battery Replacement

	Diagnostics
	Diagnostics 
	Fatal Errors
	Non-fatal Errors
	Finding Diagnostic Information
	V-memory Locations Corresponding to Error Codes
	Special Relays (SP) Corresponding to Error Codes
	I/O Module Codes
	Error Message Tables
	System Error Codes
	Program Error Codes

	CPU Error Indicators
	PWR Indicator 
	Incorrect Base Power
	Faulty CPU
	Device or Module causing the Power Supply to Shutdown
	Power Budget Exceeded
	Run Indicator
	CPU Indicator
	BATT Indicator

	Communications Problems
	I/O Module Troubleshooting
	Things to Check
	I/O Diagnostics
	Some Quick Steps
	Testing Output Points
	Handheld Programmer Keystrokes Used to Test an Output Point

	Noise Troubleshooting
	Electrical Noise Problems
	Reducing Electrical Noise

	Machine Startup and Program Troubleshooting
	Program Syntax Check
	Duplicate Reference Check
	TEST-PGM and TEST-RUN Modes
	Special Instructions
	Run Time Edits
	Forcing I/O Points
	Regular Forcing with Direct Access
	Bit Override Forcing
	Bit Override Indicators


	Appendix A - Auxiliary Functions
	Introduction
	What are Auxiliary Functions?
	Accessing AUX Functions via DirectSOFT
	Accessing AUX Functions via the Handheld Programmer

	AUX 2* — RLL Operations
	AUX 21-24
	AUX 21 Check Program
	AUX 22 Change Reference
	AUX 23 Clear Ladder Range
	AUX 24 Clear Ladders

	AUX 3* — V-memory Operations
	AUX 31
	AUX 31 Clear V-Memory

	AUX 4* — I/O Configuration
	AUX 41-46
	AUX 41 Show I/O Configuration
	AUX 42 I/O Diagnostics
	AUX 44 Power-up Configuration Check
	AUX 45 Select Configuration
	AUX 46 Configure I/O

	AUX 5* — CPU Configuration
	AUX 51-5C
	AUX 51 Modify Program Name
	AUX 52 Display/Change Calendar
	AUX 53 Display Scan Time
	AUX 54 Initialize Scratchpad
	AUX 55 Set Watchdog Timer
	AUX 56 CPU Network Address
	AUX 57 Set Retentive Ranges
	AUX 58 Test Operations
	AUX 59 Bit Override
	AUX 5B Counter Interface Configuration
	AUX 5C Display Error History

	AUX 6* — Handheld Programmer Configuration
	AUX 61, 62 and 65
	AUX 61 Show Revision Numbers
	AUX 62 Beeper On/Off
	AUX 65 Run Self Diagnostics

	AUX 7* — EEPROM Operations
	AUX 71 – 76
	Transferable Memory Areas
	AUX 71 CPU to HPP EEPROM
	AUX 72 HPP EEPROM to CPU
	AUX 73 Compare HPP EEPROM to CPU
	AUX 74 HPP EEPROM Blank Check
	AUX 75 Erase HPP EEPROM
	AUX 76 Show EEPROM Type

	AUX 8* — Password Operations
	AUX 81 - 83
	AUX 81 Modify Password
	AUX 82 Unlock CPU
	AUX 83 Lock CPU


	Appendix B - DL205 Error Codes
	DL205 Error Codes

	Appendix C - Instruction Execution Times
	Introduction
	V-memory Data Registers
	V-Memory Bit Registers
	How to Read the Tables

	Boolean Instructions
	Comparative Boolean Instructions
	Bit of Word Boolean Instructions
	Immediate Instructions
	Timer, Counter and Shift Register Instructions
	Accumulator Data Instructions
	Logical Instructions
	Math Instructions
	Differential Instructions
	Bit Instructions
	Number Conversion Instructions
	Table Instructions
	CPU Control Instructions
	Program Control Instructions
	Interrupt Instructions
	Network Instructions
	Intelligent I/O Instructions
	Message Instructions
	RLLPLUS Instructions
	DRUM Instructions
	Clock / Calender Instructions
	Modbus Instructions
	ASCII Instructions

	Appendix D - Special Relays
	D2-230 CPU Special Relays
	Startup and Real-Time Relays
	CPU Status Relays
	System Monitoring
	Accumulator Status
	Counter Interface Module Relays
	Equal Relays for Multi-step Presets with Up/Down Counter #1 (for D2-230)
(for use with the Counter Interface Module, D2-CTRINT)

	D2-240, D2-250-1, D2-260 and D2-262 CPU Special Relays
	Startup and Real-Time Relays
	CPU Status Relays
	System Monitoring Relays
	Accumulator Status Relays
	Counter Interface Module Relays
	Communications Monitoring Relays
	Equal Relays for Multi-step Presets with Up/Down Counter #1 (supported by D2-240, D2-250-1 and D2-260).*  For use with the Counter Interface Module D2-CTRINT


	Appendix E - PLC Memory
	DL205 PLC Memory
	Non-volatile V-memory in the DL205
	PLC Memory Processes
	Backup
	Restore
	Retentive Memory


	Appendix F - DL205 Product Weight Table
	DL205 Product Weight Table

	Appendix G - ASCII Table
	ASCII Conversion Table

	Appendix H - Numbering Systems
	Hexadecimal Numbering System
	Octal Numbering System
	Binary Coded Decimal (BCD) Numbering System
	Real (Floating Point) Numbering System
	BCD/Binary/Decimal/Hex/Octal -
        What is the Difference?
	Data Type Mismatch
	Signed vs Unsigned Integers
	AutomationDirect.com Products and Data Types
	DirectLOGIC PLCs
	C-more/C-more Micro-Graphic Panels 


	Appendix I – European Union Directives (CE)
	European Union (EU) Directives
	Member Countries
	Applicable Directives
	Compliance
	With respect to the D2-262:
	General Safety
	Other Sources of Information

	Basic EMC Installation Guidelines
	Enclosures
	AC Mains Filters
	Suppression and Fusing
	Internal Enclosure Grounding
	Equipotential Grounding
	Communications and Shielded Cables
	Analog and RS232 Cables
	Shielded Cables within Enclosures
	Analog Modules and RF Interference
	Network Isolation
	DC Powered Versions
	Items Specific to the DL205


	Appendix J - D2-262 CPU
	CPU Overview
	General CPU Features
	D2-262 CPU Features

	D2-262 CPU Environmental Specifications
	DL205 CPU Bases Electrical Specifications
	D2-260/D2-262 CPU General Specifications
	D2-262 CPU General Specifications
	D2-260/D2-262 CPU Program/Memory Specifications
	D2-260/D2-262 CPU Program/Memory Specifications
	Users Memory
	Bit map - D2-260/ D2-262
	V-Memory Map - D2-260/ D2-262

	Expansion Modules Supported by D2-260 and D2-262


