TABLE OF CONTENTS

Chapter 1: Getting Started

L0 oY 11T 1 ) o 1-2
The PUurpose Of thiS ManUAL ...t 1-2
WHEIE 1O BEUIN ettt b s 1-2
LT a1 L= TR T o] o Lo T 1-2
Key Topics fOr EQCh Chapler ...ttt sssssssssssssssssssssssssssssssssns 1-3

DL405 System COMPONENTS.....ccuimsmmmmmmmsmsssssssssssssssssssssssssss s ssssssses 1-4
O U 1-4
BaSES e 1-4
[/O CONFIGUIATION ..ottt ettt ettt 1-4
[/O MOAUIES ...ttt s et 1-4

Programming Methods.........sss s s ssssssssns 1-4
DirectSOFT Programming fOr WiNAOWS ™ .........iiiiisisissssssssssssssssssssssssssssssssssnns 1-4
DL405 SyStem DIiagrams ....ccinineinineiseississisessesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 1-5

Steps to Designing a Successful System.......c—————— 1-12

Frequently ASked QUESTIONS ... sesss s ssssssssssssssssssassssssssssases 1-14

Chapter 2: Installation, Wiring, and Specifications

Safety GUIdEINES ... ss e s sn e s 2-2
Emergency POWET DISCONNECT ...ttt 2-4
Orderly SyStemM SNULAOWN ... sss s sss s sesssssssssssssssssssssssssssssnes 2-4

Mounting GUIAEINES ... ————————————————— 2-5
BaSE DIMENSIONS ...ttt s bbbt 2-5
Panel Layout and ClEAranCES ... sssssssssssssssssssssssssssssssssssssssssssssses 2-6
ENCIOSUIES ..ttt e bbbt 2-7
AGENCY APPIOVAIS oottt s bbbt 2-8
Environmental SPeCIfiCatioNS ... et sssaes 2-8



- Table of Contents

INStalliNng DLAOS BaSES ....ccocvuimmmmsisinsssssssssesesssissssssssssssssssssssss s ssssssssssssssesssesssssssssssssssssssssens 29
THree SiZES Of BASES ...t bbb s 2-9
Installing Components in the Base ... 2-10
CPU and Expansion Unit Wiring GUIdeliNes.........cocummmmnmsmnmmmmssmsmmsssssssssssssssssssssssssssens 2-11
CPU WITING weeurereceressresssessssesessesessssessssessssessssessasessassssssssessssessssessasessassssasssessssessssessssessassssassssassseassnes 2-11
EXpansion UNit WIriNG ... s sesssessssssssssssass 2-12
ConNECting Program DEVICES ......curerereresesesmesesssessssessssessssesssssessssessssessssessssessssesssssssssssessanes 2-12
Connecting Operator Interfaces DeVICES......sssee 2-13
1/0 Wiring STrategies ... s sssss s s 2-14
PLC ISOIation BOUNGAIES ..o ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnses 2-14
Powering I/0 Circuits with the AuXiliary SUPPIY ...cssessesssssssssssssssssessssseees 2-15
Powering I/0 Circuits Using Separate SUPPIIES .....ccrnnennenenenenissessesssssssssssessesseees 2-16
SiNKING / SOUrCING CONCEPLS ...t s s 2-17
I/0 "Common” Terminal CONCEPTS. ... ssssssssssssssssnses 2-18
Connecting DC I/0 to "Solid State” Field DEVICES ... 2-19
SOlid State INPUL SENSOIS.....oei s s bbb s 2-19
Relay OULPUL GUIAEINES. ... sssssssnnes 2-21
Transient Suppression for Inductive Loads in a Control System........connininen. 2-21
1/0 Modules Wiring, and Specification ... 2-26
SIOt NUMDEING ..ot 2-26
Module Placement RESTIICHIONS ...t ssssssaes 2-26
MOAUIE PlaCEMENT. ...ttt 2-27
I/0 Module Status INAICATOrS ...ttt seaes 2-27
Color Coding Of I/O MOAUIES........cceeecieieee e 2-27
Wiring the Different Module CONNECTONS ... 2-28
Wiring 32 and 64 PoIiNt [/O MOAUIES ... 2-29
[/O WiIrING CRECKIIST ... s 2-30
DLA405 INPUt MOAUIE Chart....cceireeireiisis sttt sssssssssnes 2-31
DLA405 Output MOAUIE Chart......cciirinee sttt ssssssseses 2-31
Chapter 3: CPU Specifications and Operation
L0 LT T 3-2
GENETal CPU FEATUIES ...ttt b st 3-2
CPU Electrical SPECIfiCAtIONS ..ot ssssesssssseens 3-2

I D4-454 PLC User Manual, 1st Edition, Rev. D



Table of Contents -

CPU SpPeCifiCations......cccoirimernminsiisssssssssssss s sss s sas s sassssasssssssssssssses 3-3
Toggle SWILCh FUNCLIONS ...ttt sesssees 3-4
STAtUS INAICATOIS ... bbb 3-5
COoMMUNICATION POITS ...t 3-6
POrt O SPECITICAtIONS ...t bbbt 3-6
POrt 1 SPECITICAtIONS ...ttt sttt 3-7
POrt 2 SPECITICAtIONS ...ttt et 3-8
POrt 3 SPECITICAtIONS ...ttt bbbt 3-9

Using Battery BaCKUP ....cccunmimmmmmsmsissnissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassseas 3-10

CPU Setup INfOrmation ... s sssssssssssssns 3-11
Setting the Clock and Calendar ... sss s sss s ssssssseses 3-11
Variable/Fixed Scan TimMe FEATUIE ... ssssssssssssssssssssssssssssssees 3-11
PaSSWOIrA ProtE@CTION ...ttt et 3-11
Clearing an EXiStING Program.......onnesnesnessessessessessesssssesssssesssssesssssssssssssssssssssssssssssssns 3-11
INItIaliZING SYSTEM MEMIOTY ..ottt et 3-12
Setting Retentive Memory RANGES ... ssssessessssssssssssssssssssssns 3-12

CPU OPEratioN......ccciciirsinssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnsssnssssnsasssssssssss 3-13
CPU Operating SYSLEIM ...t sssss s s ssssssssssssssssssssssssssesssssssesssssassnns 3-13
Program MoOdE OPEratioN.......ccrresinssssssssesssssssessssesssssssssssssssssssssssssssssssssssssssssssssesssssassns 3-14
(B QI [T L= @] o T=T = [o ISP 3-14
ST To [T o 10TV 3-15
Read Inputs from Specialty and RemOte 1/ ssssssssssesssssseenns 3-15
Service Peripherals and FOrCe [/O ... seessssesssssssssssessssssssssessssssssssssssassns 3-15
Update Special Relays and Special REGISTErS.....cvrnnecnnseresesessssesssssssssssesssseases 3-16
CPU BUS COMMUNICATION w.euveierierieritriesetsetsetsessessesssssessessessessessssssssessessesssssssssssssssssssssssssssssssssssssns 3-16
Update Clock, Special Relays and Special REQISTErS.......ccvvvereiveseresessseensssesssseees 3-17
Solve APPlICAtioN PrOgram ... ssssssssssssssssssssssssssssssssssssssssssessssssassnns 3-17
Yo ] \V/=I o | I YoT o 31 =l U= | £ [0] o F=3 TR 3-18
R AT ST O 0 o 11 PR 3-18
Write Outputs to Specialty and RemMOte [/ ... ssssessssesseens 3-18
1=V | L0 ES o ot TRV 3-18

T A T=T] o To T o LT T 4T 3-19
Is Timing Important for Your AppliCation .........rnneneseseesesesisssssessessssesenas 3-19
Normal Minimum /O RESPONSE.......urrininirinisessesssssessssssssssssssssssssssssssssssssssssssssssssssssssssssns 3-19

D4-454 PLC User Manual, 1st Edition, Rev. D I iii



- Table of Contents

Normal Minimum 1[/O RESPONSE.......rrrerirreineissisersessstssssesssssss st sss sttt sssssssssssssssssssssssssssens 3-19
IMProving RESPONSE TIME ...ttt s 3-20
CPU Scan Time Considerations........sssss s 3-21
INILIAlIZATION PrOCESS. ...ttt 3-22
REAMING INPUES ... st 3-22
Update Clock/Calendar, Special Relays, Special REQIStErS......cconivneivenensenesinssnenens 3-22
Reading Inputs from SPeCialty 1/ ... sssssessssssssnns 3-23
CPU BUS COMMUNICALIONS ...cvececeeereereiseineisseseesessessesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssnees 3-24
WITING OULPULS vttt sess st sess s seses s sssssssssssssssssssssessssessesssessssssnsans 3-24
Writing Outputs t0 SPECIAItY /O ... sssssnns 3-25
DIQGNOSTICS ..t bbb e bbbt 3-25
Application Program EXECULION ... ssssesssssssssssses 3-26
Program Control INSTTUCTIONS ...t sssssssssssssssssssssssssssssssssssans 3-26
PLC NUmMbeEring SYStemMS.....ccovnnimns s ssssas 3-27
PLC RESOUITES ..ovtitititreireesetssssessessssssssessss sttt st st st ssssss st sss st ssssssssssssestssssssessessassessesssssassansansessns 3-27
VmMBIMOIY .ttt bbbt bbbt 3-28
Binary-Coded Decimal NUMDETS .......oninineinetnetssenssssssesssssssssssesssssssssssssssssssssssssssssssssssssns 3-28
HexXadeCimal NUMDEIS ...ttt st 3-28
V1= 4 To Y T o 3-29
Octal Numbering Systems 3-29
Discrete and Word LOCATIONS ... ssssesssssenaas 3-29
V-Memory Locations for Discrete MEmOry Ar€as ......ouenrnenssnesssssssessssssssssssesssssssss 3-29
INPUL POINES (X DAta TYPE) . uuivrrererrererirsessisssssssisessessssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 3-30
Output POINtS (Y DAta TYPE) et ssesssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssesnnes 3-30
Control Relays (C Data TYPE) .rnirensisesisssssssssessssssssssssssssssssesssssssssssssssssssssssssssssssesnees 3-30
Timers and Timer Status Bits (T Data TYPE) .. rnesinesissssessssesssssssssssssssssssssssssssss 3-30
Timer Current Values (V Data TYPE) .. nsinsisessssssessssssssssssssssssssssssssssssssesssssssssssssns 3-31
Counters and Counter Status Bits (CT Data type).....ccmnnenenssnsinessessessssesssssssenees 3-31
Counter Current Values (V Data TYPE) .cvmnninensinsssssssssssssssesssssssssssssssssssssssssssssssssssees 3-31
Word Memory (V Data TYPE) .cresinssinsssesssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssns 3-31
S Lo LR (SR BT = 1N 1Y o 1=) TR 3-32
Special Relays (SP Data TYPE) ... sssssesssssssssssssssssssssssssssssssssssssssssens 3-32
Remote I/0 Points (GX and GY Data TYPE) .vcrrnmnenisenssesinesssssssesssssssssssssssssssessssssssnns 3-32
System Parameters (V Data TYPE) ... sssssessssssssssssssssssssssssssssssssssssssssens 3-33

v

I D4-454 PLC User Manual, 1st Edition, Rev. D



Table of Contents -

DLA05 AlIGSES .ucucirrrmisisisesmsiisissssssmss s s s s s s e 3-36
X Input /Y Output Bit Map ... ssssssssssssssssssssssssssssssssssssssassssassssassssns 3-37
Control Relay Bit Map ..o s sssssssssssssssssssssssssssssassssssssasassssssess 3-39
Timer and Counter Status Bit Map.........ccomssssssssss s sassssassses 3-43
RemMote I/0 Bit Map ..o s s ssssssssssssssas s s sesasss 3-44
Stage Control / Status Bit Map ... 3-48

Chapter 4: System Design and Configuration

I/0O System Configurations 4-2
Network Configurations ... ———————— 4-3
Module Placement and Configuration ... 4-4
Valid MOdUIE/UNIT LOCAtIONS ... ssssssssssssssssssens 4-4
[/O Configuration METNOAS ...ttt sss bbb bbb bbb sss bbb ssbssssssees 4-5
AUtOMALIC CONFIGUIATION. ...t 4-5
ManUal CONFIGUIALION ...ttt es bbb bbb bbb bbb bbb bbb seb bbb essenbes 4-5
Power-0On I/O Configuration CHECK ...t seisessesses s sessssssssssssssssssssssssssssssssssnes 4-6
Calculating the Power Budget........conmmnsssssssssssssssssssssssssssssssns 4-7
Managing YOUr POWETN RESOUICE ..ot ssessssssessssssssssssssssssssssssssssssssssssssssssssens 4-7
CPU POWET SPECIfICATIONS ..cucececereireireiniiniiseiseisessessesssssesssssessessessesssssessssssssessssssssssssssssssssssssssssssnees 4-7
Module POWEr REQUIFEMENTS ..ottt et ssssssssessenssssessnans 4-7
Power Budget Calculation EXamMPIE .....rniniinienieieisesesssssesssssessessssssssssssssssssssssssssssssssssnes 4-9
Power Budget Calculation WOrKShEET .........ovrrnerieniincininiseiseiseiseisessessssssssesssssesssssessessssnns 4-10
Local I/O EXPanSIion ....ccceeiecscsesnnsesnesesnssessssesessssessssessssessssesssssssssssssssssssssssssssssssss 4-11
Local Base and /0 ... sssssssssssssssssssssssssssasssssssssssssssssssssssasaes 4-11
Local Expansion Base and /O ........ccmmssssssssssssssssssssssssssssssssssssssasas 4-11
RemMOte I/O EXPANSION ......ccirirermesnessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssasassnsanss 4-12
How to Add Remote I/O ChannEIS ... ssssssssssssssnns 4-12
Configuring the CPU's Remote /O Channel ..........onnenenenenesesesessessessessessessessesnens 4-13
Configure REMOLE /O SIAVES.......ocvriereeriereriireeisei e sss s ssssesees 4-15
Configuring the Remote /0 TabIE ... sessessessesees 4-15
ReMOLE I/O SETUP PrOgram ... seeseessssesses s sessessessss s sss s sssssssesssssssssssssssssssssssssssns 4-16
REMOLE I/O TEST PrOgram ...ttt ses s sessessessss st sss s sss st sssssssssssssssssssssssssssssns 4-17
Network Connections to MODBUS @ and DirectNet........cccurinnnnnnnsnsssssnnennns 4-18

D4-454 PLC User Manual, 1st Edition, Rev. D I v



- Table of Contents

Vi

Configuring the CPU’'S COMM POItS.....viiiii s ssssssssssssens
MODBUS POrt CONfigUration.......c.cceuiiiiiis st sssssssssssens
Network Slave Operation ... s
Determining the MODBUS AdAress ...
If Your Host Software Requires the Data Type and Address
If Your MODBUS Host Software Requires an Address Only........nnnenesennenens
Network Master OPeration ... s sssssssasas 4-28
Step 1: Identify Master POrt # and SIave # ... 4-29
Step 2: Load Number of Bytes tO TransSfer.... e 4-29
Step 3: Specify Master MEMOIY AF€a...... s sssssessssssssssssans 4-30
Step 4: SPecCify SIave MEMOIY Ar€a..... s sssssssssssans 4-31
Communications from a Ladder Program ... 4-31
Multiple Read and Write INTErIOCKS ...t sssnens 4-32

Chapter 5: Standard RLL Instructions

Using Boolean INStruCtioNS......cmrmmmsnssssssssssssssssssssssssssss s ssssseses 5-5
END STAtEMENT ...t bbbt e 5-5
SIMPIE RUNGS ...ttt 5-5
Normally ClOSEA CONLACT ....vvcrirereerrire s et 5-6
CONTACES IN SEIES ot s 5-6
MidlINE QULPULS ..ottt bbb bbbt 5-6
Parallel EIEMENTS ...t s 5-7
Joining Series Branches in Parallel ... sessessessessessesseses 5-7
Joining Parllel BranChes iN SEIES ... sssssesseses 5-7
Combination Networks
COMPArative BOOIEAN. ... bbb
BOOIEAN STACK ...ttt e e
IMMEAIAtE BOOIEAN ... bbb

Boolean INSTrUCTIONS ...t s

Comparative BOOIEAN ... s ssss s ss s sassssassssssssssssnsass

Immediate INSTrUCTIONS ...t ——————

Timer, Counter and Shift Register INStruCtions ... 5-38
USING TIMEIS .ot s b 5-38

I D4-454 PLC User Manual, 1st Edition, Rev. D



Table of Contents -

Timer Example Using Discrete Status BitS ......isineseiseisessessssssssesseenes 5-40
Timer Example Using Comparative CONtaCES.....cvnnnnnineineeseisessessesssssessessesnes 5-40
Accumulating Timer Example using Discrete Status BitS.......nnnnnnn 5-42
Accumulator Timer Example Using Comparative Contacts .......c.uvvnneneneneeneeneenns 5-42
USING COUNTETS ... 5-43
Counter Example Using Discrete Status BitS ... 5-45
Counter Example Using Comparative CONtacCtS.......c.umnnnnnnnnnssssssssssssensens 5-45
Stage Counter Example Using Discrete Status BitS ... 5-47
Stage Counter Example Using Comparative CONtacts ... 5-47
Up / Down Counter Example Using Discrete Status BitS ... 5-49
Up / Down Counter Example Using Comparative CONtacts .......comnnnninsenieneens 5-49
Accumulator/Stack Load and Output Data Instructions..........cccevvnnncnnnssnnsssssssesnnans 5-51
USING the ACCUMUIBTON ...
Copying Data to the Accumulator
Changing the ACCUMUIATOr Data ...
Using the ACCUMUIATOT STACK ..o
Accumulator and Accumulator Stack Memory LOCations........nnnnenneenenseninens 5-54
USING POINTEIS ...t 5-55
Logical Instructions (Accumulator) ... 5-69
Math INSTrUCHIONS ... —————— 5-86
Transcendental FUNCLIONS ... 5-118
Bit Operation INStruCtioNS ... s 5-120
Number Conversion Instructions (Accumulator)..........co——— 5-127
Shuffle Digits BIOCK DIiagram.......ccirinienesnesnisnissessessessessesssssssssssesssssssssssssssssssssssssssssssessns 5-139
Table INStrUCHIONS ... s 5-141
Copy Data From a Data Label Area to V-mMemOry ... essessns 5-143
Clock/Calendar INStruCtionS.......onmmnn - 5-173
CPU Control INSTrUCHiONS......ccirrrsnsesssessssss s s sssssssssssssssssssssssassssasas 5-175
Program Control INStrUCtIONS ... sssssssssssssssses 5-177
INterrupt INSTrUCLIONS ... —————— 5-185

D4-454 PLC User Manual, 1st Edition, Rev. D I Vii



- Table of Contents

Message INSTrUCTIONS ..o —— 5-187

Chapter 6: Drum Instruction Programming

o T 3 o o o 6-2
PUMDOSE...cotttsttrss s R R 6-2
[ W 0 g =14 0 1T o] [0 PP 6-2
Drum Chart REPrESENTATION ......uuvveuereeeeeesssesssesssssssssssesssssesssssssssssssssssse s ssssses s sssssssssssesssssnes 6-3
OULPUL SEUENCES. .....eevceeeesersseeessssesssssss s st ssssess s ssssses bbb s ssssess s s sssssesssssnes 6-3
LS =T o T I = 1 11T o T 6-4
Drum INSTrUCTION TYPES .ottt bbbt 6-4
TIMEr-ONlY TraNSITIONS ....oviircercereereereisiesesses s ses s s ses s sss s ses bbb ses bbb ses st sesens s ses st sssensns 6-4
Timer and EVENT TranSitiONS ...ttt sesnes 6-5
EVENt-ONlY TranSIioNS ... sssssssssssssssssssssssssssens 6-6
L0010 a1 C=T e N=TY T T LT o= 6-6

Last Step Completion

Overview of Drum Operation......c.c s —————————
Drum Instruction BIOCK Di@gram........scsiesesssssssss s sssssssssssssens
Power Up State of Drum REGISTEIS ... sssssssssssssssseans

Drum Control TECHNIQUES ... ssss s sssssssssssssssssssssssssssssssssssssssssses
Drum CoNtrol INPULS ... sssssssssssssssssssssssssssssssssssssssssens
Initializing Drum Outputs....

Using Complex Event Step Transitions

SEIf-RESETLING DIUM ..ot seesses e ssses s ssssss s ss s ssssss s sessssssssssssesssssees
Drum INSTrUCTIONS ..ttt
Timed Drum with Discrete Outputs (DRUM).....cconinnnnsnesnssnesssssssssssesssssssessssssssnns 6-12
Event Drum (EDRUM) ...t ssss s sss s sesssssssssssssssssassssssssens 6-14
Masked Event Drum with Discrete Outputs (MDRMD)......ccovvninninenensnensenessensenennens 6-16
Masked Event Drum with Word Output (MDRMW) ......commnnnninnenessssesesssssssssessens 6-18
Chapter 7: RLL"-"S Stage Programming
Introduction to Stage Programming ... 7-2
Overcoming "Stage Fright” ... 7-2
Learning to Draw State Transition Diagrams ... 7-3
INtroduCtion t0 ProCESS STAteS ... ssss s ssss s sssssssssssssesssssssans 7-3

. I D4-454 PLC User Manual, 1st Edition, Rev. D
Viil



Table of Contents -

The Need for State Diagrams
F S = | LI o 0T o =TT
I I o [ 1= = o | PR
STAGE EQUIVAIENT ..t
LET'S COMPAIE....ieceirieesis i b bbb
Initial Stages ........
What Stage Bits Do
Stage Instruction CharaCeriStiCS ... 7-6

Using the Stage Jump Instruction for State Transitions ..., 7-7
Stage Jump, Set, and ReSEet INSTIUCTIONS ... 7-7

Stage Program Example: Toggle On/Off Lamp Controller ..., 7-8
FN S = | LI 0T o YT 7-8

Four Steps to Writing a Stage Program ... 7-9

Stage Program Example: A Garage DOor OPENEr .......cinmmissssmsmsssssssssssssssssssssssens 7-10
Garage Door Opener EXAMPIE ... ssssssssssssns 7-10
Draw the BIOCK DIiagrami......cccscecsesesis s ssesessssesessssssssssssessessssssssssssssssssesssasens
Draw the State Diagram.......
Add Safety Light Feature
Modify the Block Diagram and State Diagram ... 7-12
Using @ TiMer INSIAE @ STAgE ... eos
Add ObStruCtion STOP FEATUIE ...ttt sttt sess
EXCIUSIVE TranSItIONS. ...ttt

Stage Program Design Considerations.........cmsmssssssssssssssssssssssssssessss
Stage Program Organization.........isiss s sssssssssssssssssens
How Instructions Work INSide Stages ...

Using a Stage as a Supervisory Process
1= [ (3 00 18] | (= OO TTPT
Power Flow Transition TECANIQUE ...

Parallel Processing CONCEPLS ... s sssssssssssssssssssssssssssasas
Parallel PrOCESSES ...ttt s
Converging Processes...........
Convergence Stages (CV)
Convergence JUMP (CVUMP) ...t sssssssssssssns
Convergence Stage GUIAEIINES ... ssssssens

D4-454 PLC User Manual, 1st Edition, Rev. D I ix



- Table of Contents

X

RLLPEYS (Stage) INSTrUCHIONS wuuuuvecessssessessseesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssanns 7-21
STAGE (SG) eorerreeirreererreesserseesseieessessesssessessss s s ss bR s bR RS 7-21
INTLTAl STAGE (ISG) cvvurrverrreerrerseesressseeessesssssssssssssssssssssssssssssessssessssssssssssssesssssessssssssssssssssssssssssssssesses 7-22
JUMP (UMP) ottt 7-22
NOt JUMP (NIMP)....oiiiiriiisiseisessssss s st sss st ssnssnsanses 7-22
Converge Stage (CV) and Converge JUMP (CVUMP) ... 7-23
2] oTod s @1 [ (=10 I PSP 7-25
=] oTod s =g Vel (=7 =1 N ) PP PR 7-25
2] o Tod S (= ) PSP 7-25

Chapter 8: PID Loop Operation... .....cciimininininsssssssssssssssssssssssssssssnns 8-1

DA4-454 PID CONEIrOl ...t s ss s s s sassssnns 8-2
D4-454 PID CONIrOl FEATUIES ...ttt st 8-2

Introduction t0 PID CONrol.......cmmmmmmsssssssssssssssssssssssss s sssssssssssssssses 8-4
WHAT iS PID CONTIOI?..c.uiireieseseseses s s sssnen 8-4
Introducing D4-454 PID CONIOl.....ccccciimrminmnismssissssssssssssssssssssssssssssssssssssssssssssssssssssssasans 8-6
Process Control DEfINITIONS ... st sssns 8-8

PID LOOP OPEration.......ciiississssssssssssssssssssssssssssss s sssss s ss s sssssssssssssssssasassassssssassssss 8-9
Position Form of the PID EQUATION ...ttt 8-9
ReSEt WINAUD ProtECTION.... sttt 8-10
FrEEZE BIaS ...ttt e 8-11
AQJUSTING T Bi@S ... sssnen 8-11
Step Bias Proportional to Step Change in SP ... 8-12
Eliminating Proportional, Integral or Derivative ACHION. ... 8-12
Velocity Form of the PID EQUATION ...t senes 8-12
BUMPIESS TTANSTEL ..ttt e 8-13
[ oTo] o 30 Y F=1 ¢ 1 1 F00 OO T TP TPTo 8-13
LOOP Operating MOUES ...ttt 8-14
Special LOOP CalCUIATIONS........orerecireiseireciseis ettt s st 8-14

Ten Steps to Successful Process CoNtrol........nnissssssssssssssssssssssssssssssssesns 8-16

1 T o BT U o 8-18
Some Things to Do and Know Before Starting ..........onnneneeneeneeneenenesessessessesseenes 8-18
Establishing the Loop Table Size and LOCatioN.......cccecenencneneeeeee s 8-19
Loop Table Word DefiNitiONS ...t sssssesssssss st ssssssssseens 8-21
PID Mode Setting 1 Bit Descriptions (Addr + 00) ......c.oceerenemneensennesseeseessessessssessssessesens 8-22

I D4-454 PLC User Manual, 1st Edition, Rev. D



Table of Contents -

PID Mode Setting 2 Bit Descriptions (AddAr + 07) ....rnneneneseesessessessessessessessesnees 8-23
Mode/Alarm Monitoring Word (Addr + 06).........eneeneeneenesnesnesnessessesssssssssssssssssessssnees 8-24
Ramp/Soak Table FIags (AAr + 33) ..rrrereereisesnessessessessessesssssessssssssssssssssssssssssssssees 8-24
Ramp/Soak Table LOCation (AAAr + 34) .....neieeseisessessessssssssssssssssssssssssssssssssssnees 8-25
Ramp/Soak Table Programming Error Flags (Addr + 35).....cnnenenenenenesnesneenens 8-25
(@70 ] alilo T8 = u a =l | 5 e Yo o ST 8-26
PID LOOP TUNING .cucitrtrmisisesmsisssssssesssssssssssssssss st sssssssssssssssssssssssssessssssssssssss s s sesss s nns 8-42
OPEN-LOOP TEST. ittt s bbbt 8-42
Manual TUNING PrOCEAUNE ...t ses s sessessssssssesssssessessssssssssssssssssssssssssssees 8-43
Alternative Manual Tuning Procedures by OThers...... e 8-46
TUNING PID CONTIOIEIS.....ieieriiceeeieeeeieeeiseisessessessesses s sesses s sss s sss s ses s es s ess s ss s sssss s enssssesses
Auto Tuning Procedure....
Use DirectSOFT Data V|ew with PID VIBW. ittt ettt 8-51
Open a New Data VIEW WINAOW..........crseesese et ssssssssssssssssssessesssssessens 8-51
OPEN PID VIBW ...ttt sttt e s s ssss s s sesssnnsesanans 8-52
Using the Special PID FEAtUres ... sssssssssssssssssssssssssssssssssssssssssssens 8-54
HOW t0 Change LOOP MOGES ......erieriieiriiniiiiessessessessessessessessssssssssssssssssssssssssssssssssssssssssssssens 8-54
Operator Panel Control Of PID MOOES.........cueernmeremsssesessesssessssssssssssssssesssessssssssnes 8-55
PLC Modes EffeCt 0N LOOP MOUES.......orrireniniineiriireesessessessessessessssssssssssssssssssssssssssssssssees 8-55
LOOP MOAE OVEITIAE ..ouerceeeretretriereesesseeseisessessessessessessessessessessessessssssssssssssssssssssssssssssssssssssssnssssees 8-56
PV ANGIOG FIEET ettt s 8-57
Creating an Analog Filter in Ladder LOGIC......vninnnsenenesesessessessessessesseans 8-58
Use the DirectSOFT Filter Intelligent BoxX INSTrUCTION ... 8-59
(210 0] o] ASToF=1 1 CT=T 0 T=T =1 o 8-60
INEFOAUCTION ..t bbb 8-60
RAMP/S 08K TADIE....e s bbb 8-61
RamMP/S0aK TabIe FIAgS. ..ot ses s ses s sessss s sss s ssssssssssessssees 8-63
Ramp/Soak Generator ENADIE ...t sessessessssees 8-63
RAMP/S0@K CONLIOIS ..t s 8-63
Testing Your Ramp/S0ak Profile........ e esicieeseeeisesseseessessesssssessessessessesssssessssseses 8-64
Ramp/Soak Profile MONITOMNG. ..o sessessessessessessessessesssssessessesees 8-64
Ramp/Soak Programming ErTOrS...... e eereneseisessessessessessesssssesssssesssssessessessssssssssssssssens 8-64
DirectSOFT Ramp/Soak EXample ... 8-65
Setup the Profile in PID SELUP ... 8-65
Program the Ramp/Soak Control in Relay Ladder........nineneneeneeneesesnessessessesnens 8-65

D4-454 PLC User Manual, 1st Edition, Rev. D I x'



- Table of Contents

TESTTE PrOfil . 8-66
L7 T o= T LT 0o o1 o | 8-67
a0 [ T3 1 o) TR 8-67
Cascaded Loops in the D4-454 CPU..... e sesssssssesssssssssnes 8-68
TUNING CaSCAUEA LOOPS ..o sssssssssssssssssssssans 8-69
Time-Proportioning Control ... 8-70
On/Off Control Program EXamPIE ........iininiissensssessessesssssessessessessessssssssssssssesees 8-71
Feedforward CONtrol........ss s s s s ss s sssassssasssnss 8-72
PID EXample Program.......ssssssssessssssssssssss st ssssssssssssssssssssssssssss 8-74
Program Setup for the PID LOOP ....crinieniinieniinessesnesssssessesssssesssssessssssssssssssssssssssssssssessens 8-74
Troubleshooting TIPS ... ———————————— 8-77
Glossary of PID LOOP TerminolOgy ......cummsmssmsmsssmsssssssssssssssssssssssssssssssssssssssssssssens 8-79
BiblIOGraphy ... s 8-81
Chapter 9: Maintenance and Troubleshooting
Hardware System Maintenance ... 9-2
Standard MAINTENANCE ... 9-2
Battery REPIACEMENT ... 9-2
DIagNOSEICS st ——————————————————— 9-3
oY= | = 0 ) (= PSP 9-3
N Lo Y =1 = | = g o (= TR 9-3
V-memory Error Code LOCATIONS ...t ssssnens 9-4
Special Relays (SP) Corresponding to Error COAES......nncninensinesnesesesessissesenes 9-5
[/O MOAUIE COUES ...ttt s bbbt 9-6
Error MeSSage TabIEsS ... 9-6
Program ErrOr COUES ...ttt 9-7
CPU Status INdiCAtors ... s s sssasas 9-8
T A S [T [ o] o] T 9-9
RUN INAICATON «.euittieieritrieritsitseisessessessessessessessessss s sessss s sss bbb s sss s sss s sss st sssesssssesssssessssssssnsens 9-10
(@ = [T 1= | o) TP 9-11
BATT INAICATON ..ttt es s ses s ss s sss s ses bbb ss bbb bbb bbb bbb s ensensens 9-11
D] X € g o [To7- | (o OO 9-11
TXD and RXD INAICATOIS.....cuiceiireeireirereireeinsiseei et sssssens 9-12
1/0 Point TroubleshOoting........v 9-13

. I D4-454 PLC User Manual, 1st Edition, Rev. D
Xl



Table of Contents -

YoYU o] S (=Y o1 9-13
TeStiNG OULPUL POINES ... sssns 9-14
Noise TroubleShOOtiNg ... ——————————— 9-15
Electrical NOISE ProbBIEMS ...t ssssnsnns 9-15
Reducing EIECEriCal NOISE......ovririeriereeneitinei s 9-15
Machine Startup and Program Troubleshooting ... 9-16
SYNEAX CRECK .. bbb 9-16
Special DEDUQG INSTIUCTIONS .. ssssssssssssssssssssssees 9-18
T T 0 T= N =L o [ =TT 9-20
Lo T el TaTe N @ I o1 1 | £ 9-21
=Tl @AY= Tq g To [l oo o3 1o Ve O 9-23
Appendix A: Error COAes.. ....cmmmmmmmmmnnsssssssssssssssssssssssssssassassasss
D4-454 ErTOr COUES ... ssssssssssssnssnnes A-2
Appendix B: Special Relays... ...
Startup and Real-Time REIAYS ...t ssssens B-2
CPU STAtUS REIAYS.....cuiereiirieireiriseireisise sttt s s b B-2
SYSTEM MONITOIING oot B-3
ACCUMUIBTON STATUS ...ttt B-3
Communication Monitoring REIAY ... e B-4
Appendix C: Product Weights.........ccocummmmsssssssssses
L0 Yo [T A =TT | C-2

Appendix D: ASCII Conversion Table
ASCII CONVEISION TADIE ...ttt ressesssse e st sesssssssssssssssssssssssssssessssssessssssnsssseen D-2

Appendix E: Numbering Systems

INTrOAUCTION ... —————————————— E-2
Binary NUmMbering SyStem.......cummmsssssssssssssssss s E-2
Hexadecimal NUMbering SyStem......ccmmmsssssssssssssssss s ssssssses E-3
Octal Numbering SyStem.......rmii s E-4
Binary Coded Decimal (BCD) Numbering SyStem ... E-5
Real (Floating Point) Numbering System ... E-5

D4-454 PLC User Manual, 1st Edition, Rev. D I HH
X1



- Table of Contents

BCD/Binary/Decimal/Hex/Octal -

What is the DiffEre@nCe?..... s s sasas E-6
Data Type MiSMAtCh ... s E-7
Signed vs. Unsigned INTEErS.......sssssssssssssssssssssssssssssssssssssssssssasas E-8
AutomationDirect.com Products and Data TYpPes ... E-9
DIFECILOGIC PLES ..ot sssssssssssssss s sss s sssssssss s sssssssssssssssssssssssssssssnssanes E-9
C-more/C-more Micro-GraphiC PAnels ... sssssssssessssssnens E-9

I D4-454 PLC User Manual, 1st Edition, Rev. D

Xiv



