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WARNING

Thank you for purchasing automation equipment from Automationdirect.com™, doing business as,
AutomationDirect. We want your new automation equipment to operate safely. Anyone who installs or uses this
equipment should read this publication (and any other relevant publications) before installing or operating the
equipment.

Tominimize the risk of potential safety problems, you should followall applicable local andnational codes that regulate
the installationandoperationof your equipment. These codes vary fromarea to areaandusually changewith time. It is
your responsibility to determine which codes should be followed, and to verify that the equipment, installation, and
operation are in compliance with the latest revision of these codes.

At a minimum, you should follow all applicable sections of the National Fire Code, National Electrical Code, and the
codes of the National Electrical Manufacturer’s Association (NEMA). There may be local regulatory or government
offices that can also help determine which codes and standards are necessary for safe installation and operation.

Equipment damage or serious injury to personnel can result from the failure to follow all applicable codes and
standards. We do not guarantee the products described in this publication are suitable for your particular application,
nor do we assume any responsibility for your product design, installation, or operation.

Our products are not fault--tolerant andarenot designed,manufacturedor intended for useor resaleason--line control
equipment in hazardous environments requiring fail--safe performance, such as in the operation of nuclear facilities,
aircraft navigation or communication systems, air traffic control, direct life support machines, or weapons systems, in
which the failure of the product could lead directly to death, personal injury, or severe physical or environmental
damage (”HighRiskActivities”).AutomationDirectspecifically disclaimsanyexpressedor impliedwarranty of fitness
for High Risk Activities.

For additional warranty and safety information, see the Terms and Conditions section of our Desk Reference. If you
have any questions concerning the installation or operation of this equipment, or if you need additional information,
please call us at 770--844--4200.

This publication is based on information that was available at the time it was printed. At AutomationDirect we
constantly strive to improveour products and services, sowe reserve the right tomake changes to the products and/or
publications at any timewithout notice andwithout any obligation. This publicationmay also discuss features thatmay
not be available in certain revisions of the product.

TRADEMARKS
This publication may contain references to products produced and/or offered by other companies. The product and
company names may be trademarked and are the sole property of their respective owners. AutomationDirect
disclaims any proprietary interest in the marks and names of others.

Copyright 2009, Automationdirect.com Incorporated
All Rights Reserved

No part of this manual shall be copied, reproduced, or transmitted in any way without the prior, written consent of
Automationdirect.com Incorporated. AutomationDirect retains the exclusive rights to all information included in
this document.



AVERTISSEMENT

Nous vous remercions d’avoir acheté l’équipement d’automatisation de Automationdirect.commc en faisant des
affaires comme,AutomationDirect. Nous tenons à ce que votre nouvel équipement d’automatisation fonctionne en
toute sécurité. Toute personne qui installe ou utilise cet équipement doit lire la présente publication (et toutes les
autres publications pertinentes) avant de l’installer ou de l’utiliser.

Afin de réduire auminimum le risque d’éventuels problèmes de sécurité, vous devez respecter tous les codes locaux
et nationaux applicables régissant l’installation et le fonctionnement de votre équipement. Ces codes diffèrent d’une
région à l’autre et, habituellement, évoluent au fil du temps. Il vous incombe de déterminer les codes à respecter et de
vous assurer que l’équipement, l’installation et le fonctionnement sont conformes aux exigences de la version la plus
récente de ces codes.

Vous devez, à tout le moins, respecter toutes les sections applicables du Code national de prévention des incendies,
du Code national de l’électricité et des codes de la National Electrical Manufacturer’s Association (NEMA). Des
organismesde réglementation ou des services gouvernementaux locaux peuvent également vous aider à déterminer
les codes ainsi que les normes à respecter pour assurer une installation et un fonctionnement sûrs.

L’omission de respecter la totalité des codes et des normes applicables peut entraîner des dommages à l’équipement
ou causer degravesblessures aupersonnel.Nousnegarantissonspasque lesproduits décrits dans cettepublication
conviennent à votre application particulière et nous n’assumons aucune responsabilité à l’égard de la conception, de
l’installation ou du fonctionnement de votre produit.

Nos produits ne sont pas insensibles aux défaillances et ne sont ni conçus ni fabriqués pour l’utilisation ou la revente
en tantqu’équipementdecommandeen lignedansdesenvironnementsdangereuxnécessitantunesécuritéabsolue,
par exemple, l’exploitation d’installations nucléaires, les systèmes de navigation aérienne ou de communication, le
contrôlede la circulationaérienne, leséquipementsdesurvieou les systèmesd’armes, pour lesquels la défaillancedu
produit peut provoquer la mort, des blessures corporelles ou de graves dommages matériels ou environnementaux
(”activités à risqueélevé”). La société AutomationDirectnie toutegarantie expresseou implicite d’aptitudeà l’emploi
en ce qui a trait aux activités à risque élevé.

Pour des renseignements additionnels touchant la garantie et la sécurité, veuillez consulter la section Modalités et
conditions de notre documentation. Si vous avez des questions au sujet de l’installation ou du fonctionnement de cet
équipement, ou encore si vous avez besoin de renseignements supplémentaires, n’hésitez pas à nous téléphoner au
770--844--4200.

Cette publication s’appuie sur l’information qui était disponible au moment de l’impression. À la société
AutomationDirect, nous nous efforçons constamment d’améliorer nos produits et services. C’est pourquoi nous
nous réservons le droit d’apporter des modifications aux produits ou aux publications en tout temps, sans préavis ni
quelque obligation que ce soit. La présente publication peut aussi porter sur des caractéristiques susceptibles de ne
pas être offertes dans certaines versions révisées du produit.

Marques de commerce

La présente publication peut contenir des références à des produits fabriqués ou offerts par d’autres entreprises. Les
désignations desproduits et desentreprises peuvent être desmarquesde commerceet appartiennent exclusivement
à leurs propriétaires respectifs. AutomationDirect nie tout intérêt dans les autres marques et désignations.

Copyright 2009, Automationdirect.commc Incorporated
Tous droits réservés

Nulle partie de ce manuel ne doit être copiée, reproduite ou transmise de quelque façon que ce soit sans le
consentement préalable écrit de la société Automationdirect.com Incorporated.AutomationDirect conserve les
droits exclusifs à l’égard de tous les renseignements contenus dans le présent document.
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Manual Revisions
Refer to this history in all correspondence and/or discussion about this manual.

Title: DL405 User Manual, 4th Edition
Manual Number: D4--USER--M

Issue Date Description of Changes

Original 1/94 Original Issue

2nd Edition 4/95 Major revision

3rd Edition 1/97 Major revision

Rev A 5/98 Minor corrections

Rev B 11/99 Minor corrections

Rev C 12/00 Added CE information, new PID features,
minor corrections

Rev D 9/03 Added memory information, MODEM
corrections, major and minor corrections

Rev E 7/04 Added ASCII table, minor corrections

4th Edition 8/09 Made corrections throughout the manual;
updated Chapter 4 dialogs, revised Chap-
ter 8; added Numbering
Systems appendix.
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Introduction

Thank you for purchasing our DL405
family of products. Thismanual shows you
how to install, program, and maintain the
equipment. It also helps you understand
how to interface them to other devices in a
control system.
This manual contains important
information for personnel who will install
DL405 PLCs and components, and for the
PLC programmer. If you understand PLC
systems our manuals will provide all the
information you need to get and keep your
system up and running.

If you already understand PLCs please read Chapter 2, “Installation, Wiring, and
Specifications”, and proceed on to other chapters as needed. Be sure to keep this
manual handy for reference when you have questions. If you are a new DL405
customer, we suggest you read this manual completely so you can understand the
wide variety of features in the DL405 family of products. We believe you will be
pleasantly surprised with how much you can accomplish with our products.

If you have purchased operator interfaces or DirectSOFT™, you will need to
supplement this manual with the manuals that are written for these products.

We realize that even though we strive to be the best, we may have arranged our
information in such away you cannot findwhat you are looking for. First, check these
resources for help in locating the information:

S Table of Contents -- chapter and section listing of contents, in the front
of this manual

S Appendices -- reference material for key topics, near the end of this
manual

S Index -- alphabetical listing of key words, at the end of this manual

You can also check our online resources for the latest product support information:
S Internet -- Our Web address is http://www.automationdirect.com

If you still need assistance, please call us at 770--844--4200. Our technical support
group is glad to work with you in answering your questions. They are available
Monday through Friday from 9:00 A.M. to 6:00 P.M. Eastern Standard Time. If you
have a comment or question about any of our products, services, ormanuals, please
fill out and return the ‘Suggestions’ card that was shipped with this manual.

The Purpose of
this Manual

Where to Begin

Supplemental
Manuals

Technical Support
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Conventions Used

When you see the “light bulb” icon in the left--hand margin, the paragraph to its
immediate right will give you a special tip.
The word TIP: in boldface will mark the beginning of the text.

When you see the “notepad” icon in the left--hand margin, the paragraph to its
immediate right will be a special note.
The word NOTE: in boldface will mark the beginning of the text.

When you see the “exclamationmark” icon in the left--handmargin, the paragraph to
its immediate right will be a warning. This information could prevent injury, loss of
property, or even death (in extreme cases).
The wordWARNING: and text will be in boldface.

The beginning of each chapter will list the
key topics that can be found in that
chapter.

1
Key Topics for
Each Chapter
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DL405 System Components
The DL405 product family is one of the most versatile and widely accepted PLCs
used for medium control applications. The CPUs are small, yet powerful. Their
modular design and expansion capability blend well with todays fast-moving
industry. The following is a summary of the major DL405 system components.
There are three feature-enhancedCPUs in this product line, theDL430, DL440, and
the DL450. All include a built-in power supply and communication ports. Each CPU
offers a large amount of program memory, a substantial instruction set and
advanced diagnostics. TheDL450 features drum timers, floating-point math, built-in
PID loops, and additional communications ports. Details of these CPU features are
covered in Chapter 3, CPU Specifications and Operation.

Three base sizes are available in the system: 4 slot, 6 slot and 8 slot.

The DL430/440 CPUs can support up to 640 I/O between the CPU base and
expansion bases (the DL450 up to 1024 local I/O). Amaximum of 512 additional I/O
for theDL430, 1024 for theDL440, or 1536 for theDL450 canbeadded to the system
in the formof remote I/O bases and slice I/O blocks. Each of these I/O configurations
is explained in Chapter 4, System Design and configuration.

The DL405 family has some of the most powerful modules in the industry. They
include a complete range of discrete modules which support 24 VDC, 125 VDC,
110/220 VAC and up to 10A relay outputs. Analogmodules provide 12-bit resolution
and several selections of input and output signal ranges (including bipolar).
Specialty modules include a 100KHz high-speed input, thermocouple, general
purpose communication, magnetic pulse input, 16 loop PID function and more.

Programming Methods
There are two programming methods available to the DL405 CPUs, RLL (Relay
Ladder Logic) andRLLPLUS.StagePrograming. Both theDirectSOFTprogramming
package and the handheld programmer support RLL and Stage.
The DL405 CPUs can be programmedwith one of themost advanced programming
packages in the industry ----DirectSOFT 5, Ver. 5 or later. DirectSOFT 5 is a
Windows-based software package that supportsmany of theWindows features you
already know, such as cut-and-paste between applications, point-and-click editing,
viewing and editing multiple application programs at the same time, browsers, and
newly added Intelligent Box (IBox) Instructions which will help ease your
programming tasks. DirectSOFT 5 universally supports the DirectLOGIC™ CPU
families. This means you can use the same DirectSOFT 5 package to program
DL105, DL205, DL305, DL405 or any new CPUs that we add to our product line.
There is a separate manual for the DirectSOFT 5 programming software.

All DL405 CPUs have a built-in programming port for use with the handheld
programmer (D4--HPP). The HPP can be used to create, modify and debug your
application program. A separate manual for the DL405 HPP is available.

CPUs

Bases

I/O Configuration

I/O Modules

DirectSOFT
Programming for
Windows™

Handheld
Programmer



G
etting

S
tarted

1--5
Getting Started

DL405 User Manual, 4th Edition

The diagram below shows the major components and configurations of the DL405
system. The next two pages show specific components for building your system.

1. ONLINE/OFFLINE
Programming

2. Reporting
3. Monitoring
4. Debugging

DirectNET/Modbusr
Communication

(max. 3300ft/1000m)

General RS232C/
RS422 Port

(max. 3300ft1000m)

DirectNET/Modbusr Communication
(max. 3300ft/1000m)

Printer

1. Flexible
Placement of I/O

2. Reduced
Installation

Costs
3. Versatile I/O

Offering

(Max. 3.3ft/1m)

Connects to
DL405 Program-

ming Port

Local Operator
Interface or

handheld programmer

DCM MB DCM

RM

EX

EX

405

RS

RS

405

305

COMPUTERS
and

OPERATOR
INTERFACE

PEER-TO-PEER and
MASTER/SLAVE

COMMUNICATIONS

REMOTE I/O

System Migration
or Expansion

DirectNET Communication (max. 3300ft/1000m)

MSTR

Up to 3 expansion
bases total

(only 2 shown)

DL405 System
Diagrams
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CPUs
DL430 -- 110/220 VAC P/S,

6.5K Built-in EPROM Memory
DL440 -- 110/220 VAC P/S,

22.5K Memory (Memory Cartridge Required)
DL440 -- 24 VDC or 125 VDC P/S,

22.5K Memory (Memory Cartridge Required)
DL450 -- 110/220 VAC P/S

7.5K Built-in Flash Memory
DL450 -- 24 VDC or 125 VDC P/S

7.5K Built-in Flash Memory
BASES

4 Slot Bases (expandable or nonexpandable)
6 Slot Bases (expandable or nonexpandable)
8 Slot Base (expandable or nonexpandable)

MEMORY CARTRIDGES
CMOS RAM w/battery
UVPROM
EEPROM

PROGRAMMING
Handheld Programmer

with Built-in RLLPLUS
DirectSOFT 5 Program-
ming for Windows

SPECIALTY MODULES
8/16pt Input Simulator
8pt Interrupt Input Module
High Speed Counter Module
8 pt. Magnetic Pulse Input Module
16 Loop PID Module
4 Loop Temperature Controller
SDSt Interface Module
Filler Module

COPROCESSORt MODULES
RS232C / RS422 / RS485
Telephone Modem
Program Memory Ranges

from 128K to 512K

DC INPUT
8pt 24--48 VDC
16pt 12--24 VDC
16pt 12--24 VDC

(1ms response)
32pt 24 VDC
32pt 5--12 VDC
64pt 24VDC

AC INPUT
8pt 110--200 VAC
16pt 110 VAC

AC/DC INPUT
8pt 90--150 VAC/DC

Isolated
16pt 12--24 VAC/DC

DirectLOGIC™
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AC OUTPUT
8pt 18--220 VAC
16pt 18--220 VAC

RELAY OUTPUT
8pt 10A/pt
8pt 5A/pt
8pt 2A/pt
16pt 1A/pt

ANALOG
4CH Input
8CH Input
16CH Input
4CH Output
8CH Output
16CH Output
8CH Thermocouple Input
8CH RTD Input

NETWORKING
Ethernet Communication Module
Data Communication Module

DirectNET Network/Modbusr
DL450 CPU (Ports 1 and 3)

DirectNET Network/Modbusr
Modbusr Master Module
Modbusr Slave Module
TIWAYt Network Interface Module
Shared Data Network Module

DL405 Family

DC OUTPUT
8pt 12--24 VDC
8pt 24--250 VDC
16pt 5--24 VDC
16pt 12--24 VDC
32pt 5--24 VDC
32pt 12--24 VDC
64pt 5--24VDC

I/O SYSTEMS
Expansion Bases
Local Base Expansion Unit

110/220 VAC P/S
Local Base Expansion Unit

24 VDC P/S
Local Base Expansion Unit

125 VDC P/S
Remote I/O
Remote I/O Master Module

Remote I/O Slave Unit 110--220 VAC
Remote I/O Slave Unit 24 VDC

DL450 CPU
Direct remote I/O link on Port 3
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DirectLOGIC™ Part Numbering System

A DL405 PLC control system may be comprised of many products from the DL405 family. The part
numbering system below shows how the part numbering systems work for each product category. Part
numbers for accessory items suchas cables, batteries,memory cartridgesetc. are typically anabbreviation
of the description for the item.

CPUs and Micro PLCs

Specialty CPUs

Product family D1/F1

D2/F2

D3/F3

D4/F4

Class of CPU / Abbreviation 230...,330...,430...
Denotes a differentiation between
similar modules

--1, --2, --3, --4

Bases

Product family D2/F2

D3/F3

D4/F4

Number of slots ##B
Type of Base DC or empty

Discrete I/O

DL205 Product family D2/F2y

DL305 Product family D3/F3

DL405 Product family D4/F4

Number of points 04/08/12/16/32/64

Input Np

Output Tp

Combination C
AC A

DC D

Either E

Relay R
Current Sinking 1g

Current Sourcing 2g

Current Sinking/Sourcing 3
High Current Hg

Isolation S

Fast I/O F
Denotes a differentiation between
Similar modules

--1, --2, --3, --4

D4-- 440DC --1

D3-- 16 N D 2 --1

D4-- 16 N D 2 F

D3-- 05B DC
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DirectLOGIC™ Part Numbering System

Analog I/O

DL205 Product family D2/F2y

DL305 Product family D3/F3

DL405 Product family D4/F4

Number of channels 02/04/08/16

Input (Analog to Digital) ADp ( g g )

Output (Digital to Analog) DAp ( g g)

Combination xADxDA
Isolated S
Denotes a differentiation between
Similar modules

--1, --2, --3, --4

Communication and Networking,

Special I/O and Devices

Programming

DL205 Product family

DL305 Product family

DL405 Product family

D2/F2

D3/F3

D4/F4

Name Abbreviation see example

CoProcessors and ASCII BASIC Modules

DL205 Product family D2/F2y

DL305 Product family D3/F3

DL405 Product family D4/F4

CoProcessor CP

ASCII BASIC AB

64K memory 64y

128K memory 128y

512K memory 512
Radio modem R

Telephone modem T

F4-- CP 128 -- R

F3-- 04 AD S --1

F3-- 08 THM --n

note: --n indicates thermocouple type

Alternate example of Analog I/O

such as: J, K, T, R, S or E

using abbreviations

D3-- HPP

D3-- HSC

D4-- DCM

HPP (RLL PLUS Handheld Programmer)

HSC (High Speed Counter)

DCM (Data Communication Module)
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Quick Start for PLC Checkout and Programming

If you have experience with PLCs, or if you just want to setup a quick example, this
section is for you! This example is not intended to tell you everything you need to
start-up your system. It is only intended to give you a general picture of what you will
need to do to get your system powered-up.

Unpack the DL405 equipment and verify you have the parts necessary to build this
demonstration system. The minimum parts you will need are:

S Base
S CPU (with a memory cartridge if you are using a DL440 or DL450)
S D4--16ND2 DC input module or a D4--16SIM input simulator module
S D4--16TR Relay output module
S Power cord
S Hook up wire
S A 24 VDC toggle switch (if not using the input simulator module)
S A screwdriver, regular or Philips type

You will need at least one of the following programming options:
S DirectSOFT Programming Software, DirectSOFT Manual, and a

programming cable (connects the CPU to a personal computer), or
S D4--HPP Handheld Programmer (programming cable is optional), and

the Handheld Programmer Manual

Step 1: Unpack the
DL405 Equipment
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Insert the CPU and I/O into the base. The CPU must go into the far left side of the
base in the position marked “CPU/Power Supply”. When inserting components into
the base, tilt the component slightly forward sliding the tab on the bottom of the
component into the slot in the base. Push the top of the component into the base until
it is seated firmly, then tighten the securing screw at the top of the module/unit.
Placement of discrete, analog and relay modules are not critical and may go in any
slot in any base however for this example install the output module in the slot next to
the CPU (slot 0) and the input module in the next slot (slot 1). Limiting factors for
other types of modules are discussed in Chapter 4, Bases, Expansion Units and I/O
Configuration. You must also make sure you do not exceed the power budget for
each base in your system configuration. Power budgeting is discussed in Chapter 4,
System Design and Configuration.

S Each unit has a plastic tab at the
bottom and a screw at the top.

S With the unit tilted slightly
forward, hook the module’s plastic
tab on the base.

S Gently push the top of the unit
back until it is firmly installed in
the base.

S Secure the unit to the base by
tightening the top screw.

Remove the terminal strip cover. It has a
small retention snapon the left edge.Push
in and up then pull the cover off.

Push in
and lift off

If you are using a DL440 CPU (optional on
DL450) you need to install the memory
cartridge in the slot to the right of the
battery. Make sure it is firmly seated. To
find out more about memory cartridges
see Chapter 3.

Memory
Cartridge

If you are using 110VAC install the voltage select jumper on the bottom two
terminals. If you are using 220VAC power, do not install the jumper. You can find a
detailed explanation of the terminal block on both the CPU and expansion units in
Chapter 2, Installation, Wiring, and Specifications.

Step 2: Install the
CPU and I/O
Modules

Step 3: Remove
Terminal Strip
Access Cover

Step 4: Install
Memory Cartridge

Step 5: Select
Operating Power
Range
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WARNING: Damage will occur to the power supply if 220 VAC is connected to
the terminal connections with the 110 VAC shunt in place.

Run Relay

24V
Auxiliary
Power

Logic
Ground

Chassis
Ground

AC Power

110/220
Voltage
Select

Install shunt to select
110 VAC range, leave shunt
off to select 220 VAC range.

If using D4--0X--1 type bases,
install this shunt to connect
grounds, for proper noise
immunity.

To finish this quick-start exercise or study other examples in this manual, you’ll need
to install an input simulator module (or wire an input switch as shown below), and
add an output module. Using an input simulator is the quickest way to get physical
inputs for checking out the system or a new program. To monitor output status, any
discrete output module will do.

Toggle switch

Input
ModuleOutput

Module

--

Wire the switches or other field devices prior to applying power to the system to
ensure a point is not accidentally turned on during the wiring operation. Wire the
input module (X0) to the toggle switch and 24VDC auxiliary power supply on the
CPU terminal strip as shown below for the 16ND2 input module. Chapter 2,
Installation, Wiring, and Specifications provides a list of I/O wiring guidelines.

Step 6: Add I/O
Simulation
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Connect the wires as shown. Observe all
precautions stated earlier in this manual.
For details on wiring, see Chapter 2,
Installation, Wiring, and Specifications.
When the wiring is complete, replace the
CPU and module covers. Do not apply
power at this time.

Ground

Line

Neutral

Remove the connector cover at the top
right of the CPU. Join the Handheld
programmer’s 15 pin D type connector
(located on the back) to the connector you
just uncovered on the CPU. Finger tighten
the securing screws on the top and bottom
of the Handheld programmer.

Securing screws

Apply power to the system and ensure the PWR indicator on the CPU is on. If not,
remove power from the system and check all wiring and refer to the troubleshooting
section in Chapter 9 for assistance.

Turn the key switch on the CPU to the STOP position and then back to the TERM
position. This puts the CPU in the program mode and allows access to the CPU
program. The PGM indicator should be illuminated on the HPP. Enter the following
keystrokes on the HPP:

NOTE: It is not necessary for you to configure the I/O for this systemsince theDL430
CPUs automatically configure I/O and the DL440 and DL450 CPUs default to
automatic I/O configuration.

CLR CLR

AUX 2 4

CLR $(AD) 0 NXT

STR X(IN) 0

OUT Y(OUT) 0

END

Y0X0

END

After entering the simple example program turn the key switch from the TERM
position to the RUN position and back to TERM. The RUN indicator on the CPU will
come on indicating theCPUhas entered the runmode. If not repeat Step 10 insuring
the program is entered properly or refer to the troubleshooting guide in chapter 9.
During Run mode operation, the output status indicator 0 on the output module
should reflect the switch status. When the switch is on the output should be on.

Step 7: Connect
the Power Wiring

Step 8: Connect
the Handheld
Programmer

Step 9: Switch On
the System Power

Step 10: Enter the
Program
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Steps to Designing a Successful System

Always make safety your first priority in
any system application. Chapter 2
provides several guidelines that will help
provide a safer, more reliable system.
This chapter also includes wiring
guidelines for the various system
components.

Emergency
Stop

The CPU is the heart of your automation
system. Make sure you take time to
understand its various features and
setup requirements.

It is important to understand how to
configure the I/O system. You have
several different types of systems:
S Local System
S Expansion System
S Remote I/O System
S Network connections
It is also important to understand how the
system Power Budget is calculated. See
Chapter 4 for more information.

16pt
Input

8pt
Input

32pt
Input

16pt
Output

8pt
Output

16pt
Output

X0

--

X17

X20

--

X27

X30

--

X67

Y0

--

Y17

Y20

--

Y27

Y30

--

Y47

There are many different I/O modules
available with the DL405 system. Chapter
2 provides the specifications and wiring
diagrams for the discrete I/O modules.

32 pt. Module

Ribbon connector

OR

NOTE: Analog and other specialty modules have their own manuals and are not
included in this manual.

Step 1: Review the
Installation
Guidelines

Step 2: Understand
the CPU Setup
Procedures

Step 3: Understand
the I/O System
Configurations

Step 4: Determine
the I/O Module
Specifications and
Wiring
Characteristics
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Before you begin to enter a program, it is
very helpful to understand how the DL405
CPUprocesses information. This involves
not only programexecution steps, but also
involves the various modes of operation
and memory layout characteristics. See
Chapter 3 for more information.

Power up

Initialize hardware

Check I/O module
config. and verify

The DL405 PLC provides four main approaches to solving the application program,
including the PID loop task depicted in the next figure.

S RLL diagram-style programming is the best tool for solving boolean logic
and general CPU register/accumulator manipulation. It includes dozens
of instructions, which will augment drums, stages, and loops.

S The DL450 has four timer/event drum types, each with up to 16 steps
They offer both time and/or event-based step transitions. Drums are
best for a repetitive process based on a single series of steps.

S Stage programming (also called RLLPlus) is based on state-transition
diagrams. Stages divide the ladder program into sections which
correspond to the states in a flow chart you draw for your process.

S The DL450 PID Loop Operation uses setup tables to configure up to 16
loops. Features include alarms, SP ramp/soak generation, and more.

Push--UP

UP

Push--
DOWN

DOWN

LOWER

RAISE

LIGHT

Stage Programming
(see Chapter 7)

Standard RLL Programming Timer/Event Drum Sequencer
(see Chapter 5) (see Chapter 6)

X0
LDD
V1076

CMPD
K309482

SP62
OUT
Y0

PID Loop Operation
(see Chapter 8)

PV

PID ProcessSP Σ+
--

After installation and studying the main
programming concepts, you can begin
writing the application program or
configuring loop operation. You’ll discover
a powerful instruction set!

TMR T1
K30

CNT CT3
K10

Step 5: Understand
the CPU Operation

Step 6: Review the
Programming
Concepts

Step 7: Choose the
Instructions
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Sometimes equipment failures occur
when we least expect it. Switches fail,
loads short and need replacement, etc.
Often, the majority of the troubleshooting
time is spent in locating the problem. The
DL405 system has many built-in features
such as error codes that can help you
quickly identify problems. See Chapter 9
for diagnostics and troubleshooting tips.

Frequently Asked Questions
Q. How do I reset my DL405 CPU back to factory defaults

A. Resetting the processor to factory defaults is a two step process. First clear the
processor memory using DirectSOFT PLC>CLEAR PLC MEMORY. Next initialize
the scratchpad PLC>SETUP>INITIALIZE SCRATCHPAD. Be aware that
initializing the scratchpad will reset the system V--memory to defaults. System
V--memory contains parameters such as retentive ranges, communications port
settings, etc.

Q. How often should the CPU backup battery be changed?
A.All of the 405 CPUs have an LED indicator that will flash when the battery voltage
is getting low. The typical battery life is 5 years.

Q. Where can I obtain the most current firmware for the DL450?
A. In the tech support section of www.automationdirect.com. The firmware and
instructions on how to update the CPU are available.

Q. Do the DL405 PLCs have ethernet capability?
A. Yes, the H4--ECOM module is needed to support ethernet.

Q. Can the DL405 use the Modbus protocol?
A.TheDL450 supportsModbus on port 1 or 3 as amaster or slave. TheDL--430/440
can support Modbus using the F4--MAS--MB master or F4--SLV--MB slave module.

Q. Can I have more than 16 PID loops on a system using the DL450?
A.Yes. You can still use the 16-loop PIDmodule in the base, plus theDL450’s loops.

Q. What are the networking capabilities of the DL450?
A. The DL430/DL440 CPUs can serve as DirectNET slaves. The DL450 has two
network ports, which can serve as DirectNET masters or slaves, or MODBUS
masters or slaves.

Q. Are more FAQs available for the DL405 and other products?
A. Yes, visit www.automationdirect.com for more FAQs and other technical
information.

Step 8: Understand
the Maintenance
and
Troubleshooting
Procedures
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There are many things to consider when designing the panel layout. The following items
correspond to the diagram shown. Note: there may be additional requirements,
depending on your application and use of other components in the cabinet.

1. The bases must be mounted horizontally to provide proper ventilation.
2. There should be a minimum of 7.2” (183mm) and a maximum of 13.75”

(350mm) between bases.
3. A minimum clearance of 2” (50mm) between the base and the top, bottom

and right side of the cabinet should be provided.
4. A minimum clearance of 3” (75mm) between the base and the left side of

the cabinet should be provided.
5. There must be a minimum of 2” clearance between the panel door and the

nearest DL405 component.

Earth Ground
Panel Ground
Terminal

DL405 CPU Base

DL405 Local Expansion Base

Power
Source

Temperature
Probe

Star Washers

Ground Braid
Copper Lugs

Panel or
Single Point
Ground

Star

BUS Bar

Note: there is a minimum of 2” (50mm)
clearance between the panel door
and the nearest DL405 component.

3”
75mm
min.

2”
50mm
min.

2”
50mm
min.

7.2” -- 13.75”
183 -- 350mm

2”
50mm
min.

Not to scale

Panel

Washers

6. Connect the ground terminal on the DL405 base to a single point ground.
Use copper stranded wire to achieve a low impedance. Copper eye lugs
should be crimped and soldered to the ends of the stranded wire to ensure
good surface contact. Remove anodized finishes and use copper lugs and
star washers at termination points. A rule of thumb is to achieve 0.1 ohm of
DC resistance between the DL405 base and the single point ground.

Panel Layout &
Clearances
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7. There must be a single point ground (i.e. copper bus bar) for all devices in
the panel requiring an earth ground return. The single point of groundmust
be connected to the panel ground termination.
The panel ground termination must be connected to earth ground. For this
connection you should use #12 AWG stranded copper wire as aminimum.
Minimum wire sizes, color coding, and general safety practices should
comply with appropriate electrical codes and standards for your area.
A good common ground reference (Earth ground) is essential for proper
operation of the DL405, which include:

a) Installing a ground rod as close to the panel as possible.
b) Connection to incoming power system ground.

8. Installations where the ambient temperature may approach the lower or
upper limits of the specifications should be evaluated properly. To do this
place a temperature probe in the panel, close the door and operate the
system until the ambient temperature has stabilized. If the ambient
temperature is not within the operating specification for the DL405 system,
measures such as installing a cooling/heating source must be taken to get
the ambient temperature within the DL405 operating specifications.

9. Device mounting bolts and ground braid termination bolts should be #10
copper bolts or equivalent. Tapped holes instead of nut--bolt arrangements
should be used whenever possible. To assure good contact on termination
areas impediments such as paint, coating or corrosion should be removed
in the area of contact.

10. The DL405 system is designed to be powered by 110 VAC, 220 VAC, or 24
VDC normally available throughout an industrial environment. Isolation
transformers and noise suppression devices are not normally necessary,
but may be helpful in eliminating/reducing suspect power problems.

Your selection of a proper enclosure is important to ensure safe and proper
operation of your DL405 system. Applications of DL405 systems vary and may
require additional features. The minimum considerations for enclosures include:

• Conformance to electrical standards
• Protection from the elements in an industrial environment
• Common ground reference
• Maintenance of specified ambient temperature
• Access to equipment
• Security or restricted access
S Sufficient space for proper installation, cooling, and maintenance

Some applications require agency approvals. The DL405 agency approvals for
which DL405 products are submitted are;

• UL (Underwriters’ Laboratories, Inc.)
• CE EMC (Electromagnetic Compatibility)
• CUL (Canadian Underwriters’ Laboratories)

A complete listing of agency approvals for each product in the DL405 family is
available in the sales catalog, or you may call 1--800--633--0405 (U.S.).

Enclosures

Agency Approvals
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The following table lists the environmental specifications that generally apply to the
DL405 system (CPU, ExpansionUnit, Bases, I/OModules). The ranges that vary for
the Handheld Programmer are noted at the bottom of this chart. I/O module
operation may fluctuate depending on the ambient temperature and your
application. Please refer to the appropriate I/Omodule chapters for the temperature
derating curves applying to specific modules.

Specification Rating

Storage temperature --4° F to 158° F (--20° C to 70° C)*

Ambient operating temperature 32° F to 140° F (0° C to 60° C)

Ambient humidity 5% -- 95% relative humidity (non--condensing) **

Vibration resistance MIL STD 810C, Method 514.2

Shock resistance MIL STD 810C, Method 516.2

Noise immunity NEMA (ICS3--304)

Atmosphere No corrosive gases

*Storage temperature for the Handheld Programmer is 14° to 149°F (--10° to 65° C)
**Ambient humidity for the Handheld Programmer is 20% to 90% non-condensing.

The external power source must be capable of suppling voltage and current
complying with the PLC power supply specifications.

Specifications DL405 Series CPUs

Voltage withstand
(dielectric strength)

1 min. @ 1500 VAC between primary,
secondary, field ground and run relay

Insulation resistance > 10MΩ at 500 VDC

Input voltage range
D4--430 / D4--440 / D4--450 / D4--EX

85--132 VAC (110 range) / 170--264 VAC (220
range)

Input voltage range D4--440DC--1 /
D4--EXDC

20--29 VDC (24VDC) less than 10% ripple

Input voltage range D4--440DC--2 /
D4--EXDC--2

90--146 VDC (125 VDC) less than 10% ripple

Maximum inrush current D4--430 /
D4--440 / D4--EX

20A

Maximum inrush current D440DC--1 /
D4--EXDC

10A

Maximum inrush current DL440DC--2 /
D4--EXDC--2

20A

Maximum power
DL430/DL440/DL450,
D4--EX

50VA

Maximum power DL440DC--1,
D4--EXDC

38W

Maximum power DL440DC--2,
D4--EXDC--2

30W

24VDC Auxiliary Power Supply
(D4--EX only)

20--28 VDC @ 0.4A maximum, ripple > 1V p-p

Environmental
Specifications

Power
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Before installing your PLC system you will need to know the dimensions for the
components in your system. The diagram on this page provide the component
dimensions and should be used to define your enclosure specifications. Remember
to leave room for potential expansion. Appendix E provides the weights for each
component.

Handheld programmer cable

4.5 ft.(1.5m)
9.1 ft. (3m)

Base Expansion Cable

1.6ft. (.5m)

I/O modules

4”
100mm

5.9”
150m

1.37”
34.8mm4.375”

111mm

Handheld programmer
1.2”
30mm

3.14”
80mm

5.7”
145mm

4.65”
118mm

Memory
Cartridge

I/O module w/Ribbon connector

3.3 ft. (1m)

NOTE: Ribbon connector and
D shell extend out past module
and may affect depth of cabinet

Component
Dimensions
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Installing DL405 Bases

All I/O configurations of the DL405 (except for Slice I/O) will use a selection of either
4, 6 or 8 slot base(s). Local and expansion bases can be 4, 6, or 8-slot in size. Local
and expansion bases differ only in how they are wired in a system.

Expansion cable
input connection

Expansion cable
output connection

Expansion

Expansion
Power

8 slot base

6 slot base

4 slot base

cable

Supplies

Local Base

Expansion Bases

WARNING: To minimize the risk of electrical shock, personal injury, or
equipment damage, always disconnect the system power before installing or
removing any system component.

The CPU/Expansion Unit/Remote Slave must always be installed in the left-most
slot in a base. This slot is marked on the base as P/S, CPU. The I/Omodules can be
installed in any remaining slots. It is not necessary for all slots to be filled for your
system towork correctly. Youmayuse fillermodules to fill theempty slots in thebase.

The base is secured to the equipment panel
or machine using four M4 screws in the
corner locations shown to the right. The
mounting cut-outs allow removal of the base
after installation, without completely
removing the mounting screws. Full
mounting template dimensions are given in
the previous section on Mounting
Guidelines.

Base mounting holes,
4 locations

Mounting hole
close-up

Three Sizes of
Bases

Mounting
the Base
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There are two types of bases to choose
from. The standard base type restricts the
placement of specialty modules (or
intelligent modules) to the local base with
theCPU.By using theDL450CPUand the
new “expanded bus” base type, you can
also use specialty modules in expansion
bases as shown to the right. When all
bases in the local/expansion systemareof
the new type, the DL450 can
communicate with specialty modules in
any base. In all other respects, the new
base is an exact replacement for the
standard bases.

Local

M
S

M
RCPU

EXP

Expansion cable

Expansion

M
S

The part numbers for standard bases and the new bases are listed below.

D4--04B

D4--06B

D4--08B

D4--04B--1

D4--06B--1

D4--08B--1

Standard Bases Expanded Bus Bases

Allows selected
specialty modules
in expansion bases

The base expansion connectors on the new bases have new data signals used in
communicating with specialty I/O across bases. Accordingly, you must observe the
following restrictions and guidelines with the new bases:

• Only the DL450 type CPU (in the local base) can communicate with a
specialty module in an expansion base.

• In the above case, both local and expansion bases must be the new
(--1) type.

• Of course, you can still have specialty modules in the local base.
• The new bases can also be used with DL430 and DL440 CPUs

(however, these CPUs cannot communicate with specialty I/O in
expansion bases).

• You can mix standard bases with new bases in a system, but no
specialty I/O modules may be used in expansion bases in this case (the
standard bases do not pass through the specialty I/O signals on their
expansion connectors).

NOTE: If you are designing a new DL450 CPU--based application, we recommend
using the new bases (--1 type) so you can add specialty modules in any base later.

Choosing the
Base Type



In
st
al
la
tio
n,
W
iri
ng
,

an
d
S
pe
ci
fic
at
io
ns

In
st
al
la
tio
n
an
d

S
af
et
y
G
ui
de
lin
es

2--12
Installation, Wiring, and Specifications

DL405 User Manual, 4th Edition

Installing Components in the Base
There is one bank of four configuration switches located on the back of DL430 and
DL440 CPUs. These switches affect battery low detection, station address override
and baud rate of the secondary port (25-pinDconnector). The figure below indicates
the location of these DIP switches. Equivalent configuration of the DL450 CPU
requires selecting AUX functions on a programming device.

Switch 1
S ON= Battery low indicator disabled
S OFF= Battery low indicator enabled
Switch 2
S ON= Station address override is

enabled (address 1)
S OFF= Station address is set by

AUX function with programming
device

ON

1
2

3
4

NOTE: Setting Switch 2 on forces the station address to 1. It does not change the
address set by the programming device. When Switch 2 is turned off again the
address will revert back to the address stored in memory via the AUX function.

Port 1 Baud Rate Switch 3 Switch 4

300 Off Off

1200 Off On

9600 On Off

19200 On On

NOTE: Parity, Mode and Station address for port 2 is selected by AUX functions
using a programming device.

1. Note the components have plastic tabs
at the bottom and a screw at the top.

2. With the device tilted slightly forward,
hook the plastic tabs into the notch on
the base.

3. Then gently push the top of the
component back toward the base until
it is firmly installed into the base.

4. Now tighten the screw at the top of the
device to secure it to the base.

Spring loaded
securing screw

WARNING: To minimize the risk of electrical shock, personal injury, or
equipment damage, always disconnect the system power before installing or
removing any system component.

Setting the CPU
DIP Switches
(DL430/440 Only)
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CPU and Expansion Unit Wiring Guidelines
Themain power terminal connections are under the front covers of the DL405CPUs
and Expansion Units. The list below describes the function of each of the terminal
screws. Most of the terminal screws are identical between the CPU and the
Expansion Unit. If the terminal screw only applies to one of the units it will be noted.

• Run Relay -- (CPU only) indicates to an external device when the CPU
is in Run Mode by contact closure. Its normally-open contacts can also
remove power from critical I/O points if CPU comes out of Run mode.

• 24VDC Auxiliary Power -- can be used to power field devices or I/O
modules requiring external power. It supplies up to 400 mA of current at
20--28VDC, ripple less than 1 V P-P. (Not available on DC CPUs.)

• Logic Ground -- internal ground to the system which can be tied to field
devices/communication ports to unite ground signals.

• Chassis Ground -- where earth ground is connected to the unit.
• AC Power --where the line (hot) and the neutral (common) connections

are made to the CPU/Expansion Unit. (This is also where the DC power
source is connected for the 24/125 VDC CPU. The positive connection
is tied to line and the negative connection is tied to ground.)

• 110/220 Voltage Select -- a shunt across two of the terminals
determines the voltage selection. Install the shunt to select 110VAC
input power, and remove the shunt to select 220VAC power input (the
shunt is not required for DC-powered CPUs or Expansion Units.)

WARNING: Damage will occur to the power supply if 220 VAC is connected to
the terminal connections with the 115 VAC shunt installed. Once the power
wiring is connected, install the protective cover to avoid risk of accidental
shock.

The following diagram details the appropriate connections for each terminal.

Logic
Ground
Chassis
Ground

AC Terminal
Strip

24V Auxiliary
Power

Logic Ground

Chassis
Ground

110/220
Voltage Select

Logic
Ground
Chassis
Ground

24VDC
Terminal
Strip

125VDC
Terminal
Strip

+ DC

-- DC

+ DC

-- DC

AC Line

AC Neutral

Install shunt for 110 VAC range,
leave off for 220 VAC range. Install shunt between LG and G

Install shunt between LG and G
Recommended screw torque: 10.6 lb--in (1.2Nm)

CPU Wiring
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The following diagram details the appropriate connections for each terminal.

Logic
Ground
Chassis
Ground

AC Terminal Strip

24V Auxiliary
Power

Logic Ground

Chassis
Ground

110/220
Voltage Select

Logic
Ground
Chassis
Ground

24VDC
Terminal Strip

125VDC
Terminal Strip

+ DC

-- DC

+ DC

-- DC

AC Line

AC Neutral

Install shunt for 110 VAC range,
leave off for 220 VAC range. Install shunt between LG and G

Install shunt between LG and G

Recommended screw torque: 10.6 lb--in (1.2Nm)

You can mount the Handheld directly to Port 0 of any DL405 CPU (15-pin D-shell
connector), or you can use a 9 foot (3m) or 4.6 ft (1.5m) cable as shown below.

Retaining Screws

Cable Mount Direct Mount

Use cable part no.
D4--HPCBL--1, or
D4--HPCBL--2

The standard port for use in DirectSOFT programming is the 15-pin port 0 on all
DL405 CPUs. The cable shown below is approximately 12 feet (3.66m) long.

Use cable part no.
D4--DSCBL

9-pin D-shell
female

All DL405 CPUs, port 0

15-pin D-
shell male

Expansion
Unit Wiring

Connecting
Programming
Devices
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On the DL450, youmay use port 2 instead forDirectSOFT programming. The cable
shown below is approximately 12 feet (3.66m) long.

Use cable part no.
D2--DSCBL

9-pin D-shell
female

RJ12
phone style

DL450 CPU, port 2

Operator interfaces usually require data and power connections. However, the
popular DV-1000 Data Access Unit may receive data and power directly from any
DL405 CPU, using the 2 meter (6.56 ft.) long cable shown below.

All DL405 CPUs, port 0 DV-1000

Use cable part no.
D4--1000CBL

15-pin D-shell
male

RJ12
phone style

The DL450 can connect to a DV-1000 from port 2, using the 2 meter (6.56 ft.) long
cable shown below.

DL450 CPU, port 2 DV-1000

Use cable part no.
DV--1000CBL

RJ12
phone style

RJ12
phone style

Optimation operator interface panels require separate power and data connections.
Connect the CPU port 0, port 1, or port 2 (DL450) to an Optimation panel choosing
the appropriate 2 meter (6.56 ft.) long cable from the three shown below.

Optimation Panel

OP--4CBL--1

15-pin D-shell
male

All DL405 CPUs, port 0 or port 1
15-pin D-shell male

Optimation Panel
OP--4CBL--2

15-pin D-shell
male

DL450 CPU, port 2

25-pin D-shell male

RJ12
phone style

OP--2CBL

Connecting
Operator Interface
Devices
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I/O Wiring Strategies

The DL405 PLC system is very flexible and will work in many different wiring
configurations. By studying this section before actual installation, you can probably
find the best wiring strategy for your application . This will help to lower system cost,
wiring errors, and avoid safety problems.
PLC circuitry is divided into three main regions separated by isolation boundaries,
shown in the drawing below. Electrical isolation provides safety, so that a fault in one
area does not damage another. A transformer in the power supply provides
magnetic isolation between the primary and secondary sides. Opto-couplers
provide optical isolation in Input andOutput circuits. This isolates logic circuitry from
the field side, where factory machinery connects. Note that the discrete inputs are
isolated from the discrete outputs, because each is isolated from the logic side.
Isolation boundaries protect the operator interface (and the operator) from power
input faults or fieldwiring faults.Whenwiring aPLC, it is extremely important to avoid
making external connections that connect logic side circuits to any other.

CPU

Input
ModuleMain

Power
Supply

Inputs

Outputs

Power Input

Output
Module

Primary Side Secondary or
Logic side

Field Side

PLC

Programming Device,
Operator Interface, or Network

Isolation
Boundary

Isolation
Boundary

(backplane)

(backplane)

The next figure shows the physical layout of a DL405 PLC system, as viewed from
the front. In addition to the basic circuits covered above, AC-powered CPUs include
an auxiliary +24VDC power supply with its own isolation boundary. Since the supply
output is isolated from the other three circuits, it can power input and/or output
circuits!

Input Module

CPU

Comm.

Main
Power
Supply

Auxiliary
+24VDC
Supply

To Programming
Device, Operator

Inputs Commons CommonsOutputs

+24VDC Out

Power Input

PLC
DL405

Interface, Network

Output Module

Internal
Backplane

Supply for
Output Circuit

Primary Side Secondary, or
Logic side

Field Side

PLC Isolation
Boundaries
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In some cases, using the built-in auxiliary +24VDC supply can result in a cost
savings for your control system. It can power combined loads up to 400 mA. Be
careful not to exceed the current rating of the supply. If you are the system designer
for your application, youmay be able to select and design in field devices which can
use the +24VDC auxiliary supply.
All DL405 CPUs feature the internal auxiliary supply. If input devices AND output
loads need +24VDC power, the auxiliary supply may be able to power both circuits
as shown in the following diagram (400 mA limit).

Input ModuleAuxiliary
+24VDC
Supply

Power Input DL405 PLC

Output Module

Loads

AC Power

+ --

Inputs Com. Outputs Com.

DC-powered DL405 CPUs are designed for application environments in which
low-voltageDCpower ismore readily available thanAC. These include awide range
of battery--powered applications, such as remotely-located control, in vehicles,
portable machines, etc. For this application type, all input devices and output loads
typically use the sameDCpower source. Typicalwiring forDC-poweredapplications
is shown in the following diagram.

Input Module
Power Input

DL405 PLC

Output Module

Loads

DC Power
+

--

+

--

Inputs Com. Outputs Com.

Powering I/O
Circuits with the
Auxiliary Supply
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In most applications it will be necessary to power the input devices from one power
source, and to power output loads from another source. Loads often require
high-energy AC power, while input sensors use low-energy DC. If a machine
operator is likely to come in close contact with input wiring, then safety reasons also
require isolation from high-energy output circuits. It is most convenient if the loads
can use the same power source as the PLC, and the input sensors can use the
auxiliary supply, as shown to the left in the figure below.
If the loads cannot be powered from the PLC supply, then a separate supplymust be
used as shown to the right in the figure below.

Input ModuleAuxiliary
+24VDC
Supply

Power Input DL405 PLC

Output Module

Loads

AC Power

+ --

Inputs Com. Outputs Com.

Input ModuleAuxiliary
+24VDC
Supply

Power Input DL405 PLC

Output Module

Loads

AC Power

+ --

Inputs Com. Outputs Com.

Load
Supply

Some applications will use the PLC external power source to also power the input
circuit. This typically occurs onDC-poweredPLCs, as shown in the drawing below to
the left. The inputs share the PLC power source supply, while the outputs have their
own separate supply.
A worst-case scenario, from a cost and complexity view-point, is an application
which requires separate power sources for thePLC, input devices, and output loads.
The example wiring diagram below on the right shows how this can work, but also
that the auxiliary supply output is an unused resource. For these reasons, you’ll
probably want to avoid this situation if possible.

Input Module
Power Input

DL405 PLC

Output Module

Loads

DC Power
+

--

+

--

Inputs Com. Outputs Com.

Load
Supply

Input ModuleAuxiliary
+24VDC
Supply

Power Input DL405 PLC

Output Module

Loads

AC Power

+ --

Inputs Com. Outputs Com.

Load
Supply

Input
Supply

Powering I/O
Circuits Using
Separate Supplies
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Before going further in our study of wiring strategies, we must have a solid
understanding of “sinking” and “sourcing” concepts. Use of these terms occurs
frequently in input or output circuit discussions. It is the goal of this section to make
these concepts easy to understand, further ensuring your success in installation.
First we give the following short definitions, followed by practical applications.

Sinking = provides a path to supply ground (--)

Sourcing = provides a path to supply source (+)

First you will notice that these are only associated with DC circuits and not AC,
because of the reference to (+) and (--) polarities. Therefore, sinking and sourcing
terminology only applies to DC input and output circuits. Input and output points that
are sinking or sourcing only can conduct current in only one direction. This means it
is possible to connect the external supply and field device to the I/Opoint with current
trying to flow in the wrong direction, and the circuit will not operate. However, we can
successfully connect the supply and field device every time by understanding
“sourcing” and “sinking”.

For example, the figure to the right depicts
a “sinking” input. To properly connect the
external supply, we just have to connect it
so the input provides a path to ground (--).
So, we start at the PLC input terminal,
follow through the input sensing circuit,
exit at the common terminal, and connect
the supply (--) to the common terminal. By
adding the switch, between the supply (+)
and the input, we have completed the
circuit. Current flows in the direction of the
arrow when the switch is closed.

+

--

Input
Sensing

PLC
Input

Common

(sinking)

By applying the circuit principle above to the four possible combinations of
input/output sinking/sourcing types, we have the four circuits as shown below. The
I/O module specifications at the end of this chapter list the input or output type.

+

--

Input
Sensing

Load

Sinking Input Sinking Output

Sourcing Input Sourcing Output

PLC
Input

Common

+

--

Output
Switch

PLC
Output

Common

+

--

Input
Sensing

Load

PLC

Input

Common

+

--

Output
Switch

PLC

Output

Common

Sinking/Sourcing
Concepts
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In order for a PLC I/O circuit to operate,
current must enter at one terminal and exit
at another. This means at least two
terminals are associated with every I/O
point. In the figure to the right, the Input or
Output terminal is the main path for the
current. One additional terminal must
provide the return path to the power
supply.

+

--

I/O
Circuit

PLC

(I/O Point)

Return Path

Field
Device

Main Path

If we had unlimited space and budget for
I/O terminals, then every I/O point could
have two dedicated terminals just as the
figure above shows. However, providing
this level of flexibility is not practical or
even necessary for most applications. So,
most Input or Output points onPLCs are in
groups which share the return path (called
commons). The figure to the right shows a
group (or bank) of 4 input points which
share a common return path. In this way,
the four inputs require only five terminals
instead of eight.

+

--

Input
Sensing

PLC

Input 4

Common

Input 3

Input 2

Input 1

NOTE: In the circuit above, the current in the common path is 4 times any channel’s
input current when all inputs are energized. This is especially important in output
circuits, where heavier gauge wire is sometimes necessary on commons.

Most DL405 input and output modules
group their I/O points into banks that share
a common return path. The best indication
of I/O common grouping is on the wiring
label, such as the one shown to the right.
Theminiature schematic shows two circuit
banks with eight input points in each. The
common terminal for each is labeled “CA”
and “CB”, respectively.
In the wiring label example, the positive
terminal of a DC supply connects to the
common terminals. Some symbols you
will see on the wiring labels, and their
meanings are:

0
1
2
3

4
5
6
7

A
TB

12--24VDC

D4--16ND2

0
1
2
3

4
5
6
7

B

INPUT

CA
0
4
1
5
2
6
3
7
CB
4
0
5
1
6
2
7
3

10.2--26.4VDC
4--12mA

L

AC supply AC or DC supply

Input Switch Output Load

DC supply

+--

I/O “Common”
Terminal Concepts
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In the previous section on Sourcing and Sinking concepts, we explained that DC I/O
circuits sometimeswill only allowcurrent to flowoneway. This is also true formanyof
the field devices which have solid-state (transistor) interfaces. In other words, field
devices can also be sourcing or sinking.When connecting two devices in a series
DC circuit, one must be wired as sourcing and the other as sinking.
Several DL405DC inputmodules are flexible in that they detect current flow in either
direction, so they can bewired as either sourcing or sinking. In the following circuit, a
field device has an open-collector NPN transistor output. It sinks current from the
PLC input point, which sources current. The power supply can be the +24 auxiliary
supply or another supply (+12 VDC or +24VDC), as long as the input specifications
are met.

Field Device

+--

PLC DC Input
Output

Ground

Input

Common

Supply

(sinking) (sourcing)

In the next circuit, a field device has an open-emitter PNP transistor output. It
sources current to thePLC input point, which sinks the current back to ground. Since
the field device is sourcing current, no additional power supply is required.

Field Device
PLC DC Input

Output (sourcing)

Ground

Input

Common

+V

(sinking)

Sometimes an application requires connecting a PLC output point to a solid state
input on a device. This type of connection is usuallymade to carry a low-level control
signal, not to send DC power to an actuator.
Several of the DL405DCoutput modules are the sinking type. Thismeans that each
DC output provides a path to ground when it is energized. In the following circuit, the
PLC output point sinks current to the output common when energized. It is
connected to a sourcing input of a field device input.

Field Device

Output

Ground

Input

Common

+V

PLC DC Sinking Output

+DC pwr

+

--

(sourcing)(sinking)

Power

10--30 VDC

Connecting DC I/O
to “Solid State”
Field Devices

Solid State
Input Sensors

Solid State
Output Loads
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In the next example we connect a PLC sinking DC output point to the sinking input of
a field device. This is a bit tricky, because both the PLC output and field device input
are sinking type. Since the circuit must have one sourcing and one sinking device,
we add sourcing capability to the PLC output by using a pull-up resistor. In the circuit
below, we connect Rpull-up from the output to the DC output circuit power input.

Field Device

Output

Ground

Input

Common

PLC DC Output

+DC pwr

+

--

(sourcing)

(sinking)

Power

(sinking)

pull-up

Supply

R

inputR

NOTE 1: DO NOT attempt to drive a heavy load (>25 mA) with this pull-up method
NOTE 2: Using the pull-up resistor to implement a sourcing output has the effect of
inverting the output point logic. In other words, the field device input is energized
when the PLC output is OFF, from a ladder logic point-of-view. Your ladder program
must comprehend this and generate an inverted output. Or, you may choose to
cancel the effect of the inversion elsewhere, such as in the field device.

It is important to choose the correct value of R pull-up. In order to do so, we need to
know the nominal input current to the field device (I input) when the input is energized.
If this value is not known, it can be calculated as shown (a typical value is 15 mA).
Then use I input and the voltage of the external supply to compute R pull-up. Then
calculate the power Ppull-up (in watts), in order to size R pull-up properly.

pull-upR inputR=
supplyV -- 0.7

--
inputI

inputI =
input (turn--on)V

inputR

pull-upP =
supplyV 2

pullupR

Of course, the easiest way to drive a sinking input field device as shown below is to
use a DC sourcing output module. The Darlington NPN stage will have about 1.5 V
ON-state saturation, but this is not a problem with low-current solid-state loads.

Field Device

Output

Ground

Input

Common

PLC DC Sourcing Output

+DC pwr

+

--

(sourcing)
(sinking)

Supply

inputR
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Four output modules in the DL405 I/O family feature relay outputs: D4--08TR,
F4--08TRS--1, F4--08TRS--2, D4--16TR. Relays are best for the following
applications:

• Loads that require higher currents than the solid-state outputs can
deliver

• Cost-sensitive applications
• Some output channels need isolation from other outputs (such as when

some loads require different voltages than other loads)

Some applications in which NOT to use relays:

• Loads that require currents under 10 mA
S Loads which must be switched at high speed or heavy duty cycle

Relay outputs in the DL405 output
modules are available in two contact
arrangements, shown to the right. The
Form A type, or SPST (single pole, single
throw) type is normally open and is the
simplest to use. The Form C type, or
SPDT (single pole, double throw) type has
a center contact which moves and a
stationary contact on either side. This
provides a normally closed contact and a
normally open contact.
Some relay output module’s relays share
common terminals, which connect to the
wiper contact in each relay of the bank.
Other relay modules have relays which
are completely isolated fromeachother. In
all cases, the module drives the relay coil
when the corresponding output point is on.

Relay with Form A contacts

Relay with Form C contacts

Inductive load devices (devices with a coil) generate transient voltages when
de-energizedwith a relay contact.When a relay contact is closed it “bounces”, which
energizes and de-energizes the coil until the “bouncing” stops. The transient
voltages generated aremuch larger in amplitude than the supply voltage, especially
with a DC supply voltage.
When switching a DC-supplied inductive load the full supply voltage is always
present when the relay contact opens (or “bounces”). When switching an
AC-supplied inductive load there is one chance in 60 (60 Hz) or 50 (50 Hz) that the
relay contact will open (or “bounce”) when the AC sine wave is zero crossing. If the
voltage is not zero when the relay contact opens there is energy stored in the
inductor that is released when the voltage to the inductor is suddenly removed. This
release of energy is the cause of the transient voltages.

Relay Output
Guidelines

Surge Suppression
For Inductive
Loads
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When inductive load devices (motors, motor starters, interposing relays, solenoids,
valves, etc.) are controlled with relay contacts, it is recommended that a surge
suppression device be connected directly across the coil of the field device. If the
inductive device has plug-type connectors, the suppression device can be installed
on the terminal block of the relay output.

Transient Voltage Suppressors (TVS or transorb) provide the best surge and
transient suppression of AC and DC powered coils, providing the fastest response
with the smallest overshoot.

Metal Oxide Varistors (MOV) provide the next best surge and transient
suppression of AC and DC powered coils.

+24 VDC --24 VDC

Module Relay Contact

--324 VDC

+24 VDC

For example, the waveform in the figure below shows the energy released when
opening a contact switching a 24 VDC solenoid. Notice the large voltage spike.

This figure shows the same circuit with a transorb (TVS) across the coil. Notice that
the voltage spike is significantly reduced.

+24 VDC --24 VDC

Module Relay Contact

--42 VDC

+24 VDC
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Use the following table to help select a TVS or MOV suppressor for your application
based on the inductive load voltage.

hhVendor / Catalog Type (TVS, MOV, Diode) Inductive Load Voltage Part Number

AutomationDirect

Transient Voltage
Suppressors,
LiteOn Diodes; from Digi-
Key Catalog; Phone:
1-800-344-4539

TVS
TVS

TVS

TVS

Diode

110/120 VAC
24VDC

220/240 VAC

12/24 VDC or VAC

12/24 VDC

ZL--TD8--120
ZL--TD8--24

P6KE350CA

Contact
Digi--Key, Corp.

Digi--Key
www.digikey.com

MOV
MOV

110/120 VAC
220/240 VAC

Contact Digi--Key, Corp.

Relay contacts wear according to the amount of relay switching, amount of spark
created at the time of open or closure, and presence of airborne contaminants.
There are some steps you can take to help prolong the life of relay contacts, such as
switching the relay on or off only when it is necessary, and if possible, switching the
load on or off at a time when it will draw the least current. Also, take measures to
suppress inductive voltage spikes from inductive DC loads such as contactors and
solenoids.
For inductive loads in DC circuits we recommend using a suppression diode as
shown in the following diagram (DO NOT use this circuit with an AC power supply).
When the load is energized the diode is reverse-biased (high impedance).When the
load is turned off, energy stored in its coil is released in the form of a negative-going
voltage spike. At this moment the diode is forward-biased (low impedance) and
shunts the energy to ground. This protects the relay contacts from the high voltage
arc that would occur just as the contacts are opening.
Place the diode as close to the inductive field device as possible. Use a diode with a
peak inverse voltage rating (PIV) at least 100PIV, 3A forward current or larger. Use a
fast-recovery type (such as Schottky type). DO NOT use a small-signal diode such
as 1N914, 1N941, etc. Be sure the diode is in the circuit correctly before operation. If
installed backwards, it short-circuits the supply when the relay energizes.

Inductive Field Device

+ --

PLC Relay Output

Output

Common

Input

Common

Supply

Prolonging Relay
Contact Life
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Another method of surge suppression is to use a resistor and capacitor (RC)
snubber network. The RC network must be located close to the relay module output
connector. To find the values for theRC snubber network, first determine the voltage
across the contacts when open, and the current through them when closed. If the
load supply is AC, then convert the current and voltage values to peak values:
Now we are ready to calculate values for R and C, according to the formulas:

R (Ω) =C (μF) =
10

I 2 V

10 x I x
, where x=

50

V
1 +

C minimum = 0.001 μF, the voltage rating of C must be≥ V, non-polarized
R minimum = 0.5 Ω, 1/2 W, tolerance is 5%

For example, suppose a relay contact drives a load at 120VAC, 1/2 A. Since this
example has an AC power source, we first, we calculate the peak values:

Ipeak = Irms x 1.414, = 0.5 x 1.414 = 0.707 Amperes

Vpeak = Vrms x 1.414 = 120 x 1.414 = 169.7 Volts

Now, finding the values of R and C, we have:

R (Ω) =

C (μF) =
10

I 2

V

10 x I x
, where x=

50

V
1 +

=
10

0.707 2

= 0.05 μF, voltage rating≥ 170 Volts

x=
50

169.7
1 + = 1.29 R (Ω) =

169.7

10 x 0.707 1.29
= 16 Ω, 1/2 W, 5%
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I/O Module Wiring and Specifications

Before wiring the I/O modules in your
system to field devices, it’s very important
to make sure each I/O module is in the
right slot and base in the system. Costly
wiring errors may be avoided by doing the
following:

?
• Do the power budget calculations for each base to verify the base power

supply can power all the modules in the base. Information on how to do
this is in Chapter 4, System Design and Configuration.

• Some specialty I/O modules may only be installed in particular slots (will
not function properly, otherwise). Check the corresponding manuals
before installation and wiring.

S Whenever possible, keep modules with high voltage and current wiring
away from sensitive analog modules.

The diagram below shows the status indicator location for common I/O modules.

Display status

Blown fuse
(non-replaceable)

indicator

Loose terminal
block indicator

Status indicators

(selects a group
of signals to
be displayed)

Wire tray

(Output modules only)

The DL405 family of I/O modules have a
color-coded stripe on the front bezel to
help identify whether the module type is
input, output, or special module. The color
code meaning is listed below:

0

1

2

3

4

5

6

7

A

TB

110VAV

D4--16NA

0

1

2

3

4

5

6

7

B

INPUT

CA

0

80--132VAC

80--20mA

50/60Hz

Color Bar

Module Type
Discrete/Analog Output
Discrete/Analog Input
Other

Color Code
Red
Blue
White

Module Placement

I/O Module
Status Indicators

Color Coding
of I/O Modules
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You must first remove the front cover of the module prior to wiring. To remove the
cover depress the bottom tab of the cover and tilt the cover up to loosen from the
module.
All DL405 I/O module terminal blocks are removable for your convenience. To
remove the terminal block loosen the retaining screws and and lift the terminal block
away from themodule.When you return the terminal block to themodule make sure
the terminal block is tightly seated. Be sure to tighten the retaining screws. You
should also verify the loose terminal block LED is off when system power is applied.

WARNING: For some modules, field device power may still be present on the
terminal block even though the PLC system is turned off. Tominimize the risk
of electrical shock, disconnect all field device power before you remove the
connector.

Push tab and
lift to remove

Retaining screw
Terminal screws

Retaining screw

Loose terminal block
LED indicator

I/O module
wiring tray

Wiring a Module
with a Terminal
Block
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The 32 point and 64 point I/O modules use a different style of connector due to the
increased number of I/O points. There are several types of connection methods
available to choose from. A ZIPLink connection system is shown in the figure below.
Refer to the next section for complete information on ribbon and solder type
connectors and accessories. Another option is to use the D4--IOCBL--1, a 3m
prewired solder connector and cable with pigtail.

32 pt. Module

64pt. Module

ZIPLINK Cable

ZIPLINK Connector Module

The ZIPLink system offers “plug and play” capability, eliminating the need
for traditional wiring. Simply plug one end of the ZIPLink cable into a 32 or
64 point I/O module and the other end into a ZIPlink Connector Module.
Refer to the Connection Systems section in the catalog for a complete list
of cable and connector part numbers.

Both types of connectors are available from AutomationDirect.
AutomationDirect Part Numbers

S D4--IO3264R — Ribbon cable connectors, 2 in a pack. Can be used on
either 32 point or 64 point modules.

S D4--IO3264S — Solder type connector, 2 in a pack. Can be used on
either 32 point or 64 point modules.

Wiring 32 and 64
Point I/O Modules

Part Numbers for
Module
Connectors



In
st
al
la
tio
n,
W
iri
ng
,

an
d
S
pe
ci
fic
at
io
ns

In
st
al
la
tio
n
an
d

S
af
et
y
G
ui
de
lin
es

2--30
Installation, Wiring, and Specifications

DL405 User Manual, 4th Edition

The chart below lists cables which can be used to connect the terminal block with a
32 I/Omodule. They have 40 conductors and .050” pitchPVCstranded ribbon cable.

Description/Type Vendor Part Number

Gray / 26 AWG 3M 3801 / 40

Gray / 26 AWG Belden 9L260 40

Gray / 28 AWG Belden 9L280 40

Gray / 28 AWG DuPont 76825--040

Gray / 28 AWG AMP 499116--5

Color coded / 26 AWG 3M 3811 / 40

Color coded / 28 AWG Belden 9R280 40

Color coded / 28 AWG DuPont 76177--040

These ribbon cable connectors are for attaching the ribbon cable to the terminal
block. They are all .100” x .100” 2 x20 female ribbon connectors with a center bump.

Description/Type Vendor Part Number

Connector
Strain Relief

3M
3M

3417--7640
3448--3040

Connector
Strain Relief

3M
3M

3417--7640
3448--3040

Connector (pre-assembled) 3M 89140--0103--T0(p )
Strain Relief 3M 3448--89140

Connector (with strain relief) Thomas & Betts 622--4041

Connector (pre-assembled) AMP 746286--9(p )
Strain Relief AMP 499252--1

Connector (with strain relief) DuPont 66902--240

Connector (with strain relief) Molex 15--29--9940

Below are terminal blocks which can be used to transition a 40 conductor ribbon
cable to 40 discrete field wires. The terminal block features are: 2 x 20 .100” x .100”
pin center (male) connector head terminals (.2” centers) accepting 22--12 AWG, no
fuses.

Description/Type Vendor Part Number

Panel Mount Weidmuller RI--40A /914897
Rail Mount RI--40A /914908

Rail Mount Phoenix Contacts FLKM 40 / 2281076

Special Mount
(DIN rail compatible)
includes ribbon connector

Augat/RDI 2M40FC

Ribbon Cable

Ribbon Cable
Connectors

Interface Terminal
Block
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Use the following guidelines when wiring the I/O modules in your system.
1. Note the limits to the size of wire the modules can accept. The table below

lists the maximumAWG for eachmodule type. Smaller AWG is acceptable
to use for each of the modules.

Module type Suggested AWG Range Suggested Torque

CPU 12 AWG 10.63 lb-inch (1.2 N•m)

8 point 12 AWG 7.97 lb-inch (0.9 N•m)

16 point 14 AWG 7.97 lb-inch (0.9 N•m)

32 point
64 point
(connectors sold
separately)

ZipLink: ZL--4CBL4# cable / ZL--CM40 connector block

D4--IOCBL--1 (3m pigtail cable with D4--IO3264S)
D4--IO3264R (ribbon type connector)
D4--IO3264S (solder type connector)

Note: 12 AWG Type TFFN or Type MTW can be used on 8pt. modules.
14 AWG Type TFFN or Type MTW can be used on 16pt. modules. Other
types of wire may be acceptable, but it really depends on the thickness of
thewire insulation. If the insulation is too thick and youuse all the I/Opoints,
then the plastic terminal cover may not close properly.

2. Always use a continuous length of wire. Do not splice wires to attain a
needed length.

3. Use the shortest possible wire length.
4. Where possible use wire trays for routing .
5. Avoid running wires near high energy wiring.
6. Avoid running input wiring close to output wiring where possible.
7. To minimize voltage drops when wires must run a long distance, consider

using multiple wires for the return lines.
8. Where possible avoid running DC wiring in close proximity to AC wiring.
9. Avoid creating sharp bends in the wires.
10. IMPORTANT! To help avoid having a module with a blown fuse, we

suggest you add external fuses to your I/O wiring. A fast blow fuse, with a
lower current rating than the I/O module fuse can be added to each
common, or a fuse with a rating of slightly less than the maximum current
per output point can be added to each output.

External Fuses
(shown with DIN Rail,

fuse blocks)

I/O Wiring
Checklist
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The following table lists the available DL405 input modules. Specifications begin on
the following page.

DL405
Input Module Type

Number of
Input Points

DC Current
Sink Input

DC Current
Source Input

AC Input

D4--16ND2 16

D4--16ND2F 16

D4--32ND3--1 32

D4--32ND3--2 32

D4--64ND2 64

D4--08NA 8

D4--16NA 16

D4--16NE3 16

F4--08NE3S 8

D4--08ND3S 8

The following table lists the available DL405 output modules. Specifications begin
after the input modules’ specifications.

DL405
Output Module Type

Number of
Output Points

DC Current
Sink Output

DC Current
Source
Output

AC Output

D4--08TD1 8

F4--08TD1S 8

D4--16TD1 16

D4--16TD2 16

D4--32TD1 32

D4--32TD1--1 32

D4--32TD2 32

D4--64TD1 64

D4--08TA 8

D4--16TA 16

D4--08TR 8

F4--08TRS--1 8

F4--08TRS--2 8

D4--16TR 16

DL405 Input
Module Chart

DL405 Output
Module Chart
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D4--08ND3S DC Input D4--16ND2 DC Input
Inputs per module 8 (sink/source) Inputs per module 16 (current sourcing)

Commons per module 8 (isolated) Commons per module 2 (isolated)

Input voltage range 20--52.8VDC Input voltage range 10.2--26.4VDC

Peak voltage 52.8VDC Peak voltage 26.4VDC

ON voltage level >18 V ON voltage level > 9.5VDC

OFF voltage level < 7V OFF voltage level < 4.0 VDC

Input impedance 4.8 K Ω Input impedance 3.2 KΩ@ 12VDC
2.9 KΩ@24VDC

Input current @ 24 / 48 VDC 5 mA / 10 mA Input current @ 12 / 24VDC 3.8 mA / 8.3 mA

Minimum ON current 3.5 mA Minimum ON current 3.5 mA

Maximum OFF current 1.5 mA Maximum OFF current 1.5 mA

Base power required 5V 100 mA max Base power required 5V 150 mA max

OFF to ON response 3--10 ms OFF to ON response 1--7 ms (2.3 typical)

ON to OFF response 3--12 ms ON to OFF response 2--12 ms (4.6 typical)

Terminal type Removable Terminal type Removable

Status indicators Logic Side Status indicators Logic Side

Weight 8.8 oz. (250 g) Weight 8.8 oz. (250 g)
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D4--16ND2F DC Input D4--16SIM Input Simulator
Inputs per module 16 (current sourcing) Inputs per module 8 or 16, selectable

Commons per module 2 (isolated) Base power required 5V 150 mA Max

Input voltage range 10.2--26.4VDC Terminal type None

Peak voltage 26.4VDC Status indicators Logic Side

ON voltage level > 9.5VDC Weight 8.8 oz. (250 g)

OFF voltage level < 4.0VDC

Input impedance 3.2 K Ω@ 12VDC
2.9 K Ω@ 24VDC

Input current @ 12 / 24 VDC 3.8 mA / 8.3 mA

Minimum ON current 3.5 mA

Maximum OFF current 1.5 mA

Base power required 5V 150 mA max

OFF to ON response 1 ms

ON to OFF response 1 ms

Terminal type Removable

Status indicators Logic Side

Weight 8.8 oz. (250 g)
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by the LEDs above the input
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D4--32ND3--1, 24VDC Input D4--32ND3--2 5--12VDC Input
Inputs per module 32 (sink/source) Inputs per module 32 (sink/source)

Commons per module 4 (isolated) Commons per module 4 (isolated)

Input voltage range 20--28VDC Input voltage range 4.75--13.2VDC (TTL, CMOS)

Peak voltage 30VDC Peak voltage 15VDC

ON voltage level > 19V ON voltage level > 4 V (use pullup R for TTL in)

OFF voltage level < 10 V OFF voltage level < 2 V

Input impedance 4.8 K Ω Input impedance 2 KΩ@ 5V,1.6 KΩ@ 12V

Input current 5 mA Input current 3.1 mA @ 5V, 7.5 mA @ 12V

Minimum ON current 3.5 mA Minimum ON current 1.8 mA

Maximum OFF current 1.6 mA Maximum OFF current 0.8 mA

Base power required 5V 150 mA max Base power required 5V 150 mA max

OFF to ON response 2--10 ms OFF to ON response 1--4 ms

ON to OFF response 2--10 ms ON to OFF response 1--4 ms

Terminal type Removable, 40 pin conn. Terminal type Removable, 40 pin conn.

Status indicators Logic Side Status indicators Logic Side

Weight 6.6 oz. (190 g) Weight 6.6 oz. (190 g)

0
1
2
3

4
5
6
7

A/C
A-B C-D

24VDC

D4--32ND3--1

0
1
2
3

4
5
6
7

B/D

INPUT

A4A0
A5A1
A6A2
A7A3
CICI
B4B0
B5B1
B6B2
B7B3
CIICII
C4C0
C5C1
C6C2
C7C3
CIIICIII
D4D0
D5D1
D6D2
D7D3
CIVCIV

DISPLAY
SELECT A - B

C - D

4.2--5.8mA
20--28VDC, CLASS2

A4
A0

A5
A1

A6
A2

A7
A3

COM I

B4
B0

B5
B1

B6
B2

B7
B3

COM II

C4
C0

C5
C1

C6
C2

C7
C3

COM III

D4
D0

D5
D1

D6
D2

D7
D3

COM IV

Current Flow

+

--
User
Supply

+

--User
Supply

Current Flow

+

--
User
Supply

Current Flow

Current Flow

Derating Chart

0
4
8
12
16
20
24
28
32

Points

0 10 20 30 40 50 60

Ambient Temperature (°C/°F)
32 50 68 86 104 122 140

C°
F°

Optical

Common

Isolator

+ --
24 VDC

To LED

Input
Current sinking config. shown

Use Display Select switch to view
(A0--A7, B0--B7) or (C0--C7, D0--D7)

0
1
2
3

4
5
6
7

A/C
A-B C-D

5--12VDC

D4--32ND3--2

0
1
2
3

4
5
6
7

B/D

INPUT

A4A0
A5A1
A6A2
A7A3
CICI
B4B0
B5B1
B6B2
B7B3
CIICII
C4C0
C5C1
C6C2
C7C3
CIIICIII
D4D0
D5D1
D6D2
D7D3
CIVCIV

DISPLAY
SELECT

4.75--13.2VDC, CLASS2
3.1--8.2mA

A - B

C - D

Derating Chart

0
4
8
12
16
20
24
28
32

Points

A4
A0

A5
A1

A6
A2

A7
A3

COM I

B4
B0

B5
B1

B6
B2

B7
B3

COM II

C4
C0

C5
C1

C6
C2

C7
C3

COM III

D4
D0

D5
D1

D6
D2

D7
D3

COM IV

Current Flow

+

--
User
Supply

+

--User
Supply

Current Flow

+

--
User
Supply

Current Flow

Current Flow

Optical

Common

Isolator

+ --
5--12 VDC

To LED

Input Current sinking config. shown

Use Display Select switch to view
(A0--A7, B0--B7) or (C0--C7, D0--D7)

0 10 20 30 40 50 60

Ambient Temperature (°C/°F)
32 50 68 86 104 122 140

C°
F°



In
st
al
la
tio
n,
W
iri
ng
,

an
d
S
pe
ci
fic
at
io
ns

In
st
al
la
tio
n
an
d

S
af
et
y
G
ui
de
lin
es

2--36
Installation, Wiring, and Specifications

DL405 User Manual, 4th Edition

D4--64ND2, 24 VDC Input Module
Module Location CPU base only * Base power required 5V 300 mA max

Inputs per module 64 (current sourcing) External power required
(optional)

24VDC10%,
320mA max

Commons per module 8 (isolated) OFF to ON response 2.5 ms (typical)

Input voltage range 20 -- 28 VDC ON to OFF response 5.0 ms (typical)

Peak voltage 30 VDC Terminal type 2, Removable
40 pin connectors

ON voltage level > 20 V
40 pin connectors
(sold separately)

OFF voltage level < 13 V Status indicators Logic Side

Input impedance 4.8 K Ω Weight 7.8 oz. (220 g)

Input current 5.0 mA @ 24 VDC

Minimum ON current 3.6 mA

Maximum OFF current 2.6 mA

COM
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COM

COM

Current Flow
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+
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Since there are only 32 LEDs on the module, you
can only display the status for 32 points at one
time. In the A - B position the status of the first
group of 32 input points (A0--A17, B0--B17) are
displayed (connector 1). In the C - D position the
status of the second group of 32 input points
(C0--C17, D0--D17) are displayed (connector 2).
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0V * Module location -- this module placement is
restricted to the local base on DL430/DL440
systems. It may also be placed in expansion
bases in DL450 systems that are using the new
(--1) bases.
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D4--08NA 110--220VAC Input D4--16NA 110VAC Input
Inputs per module 8 Inputs per module 16

Commons per module 2 (isolated) Commons per module 2 (isolated)

Input voltage range 80--265VAC Input voltage range 80--132VAC

Peak voltage 265VAC Peak voltage 132VAC

AC frequency 47--63 Hz AC frequency 47--63 Hz

ON voltage level > 70V ON voltage level > 70V

OFF voltage level < 30 V OFF voltage level < 20 V

Input impedance 12 K Ω Input impedance 8 K Ω

Input current 8.5 mA @100VAC
20 mA @ 230VAC

Input current 14.5 mA @120VAC

Minimum ON current 5 mA Minimum ON current 7 mA

Maximum OFF current 2 mA Maximum OFF current 2 mA

Base power required 5V 100 mA max Base power required 5V 150 mA max

OFF to ON response 5--30 ms OFF to ON response 5--30 ms

ON to OFF response 10--50 ms ON to OFF response 10--50 ms

Terminal type Removable Terminal type Removable

Status indicators Logic Side Status indicators Logic Side

Weight 8.4 oz. (240 g) Weight 9.5 oz. (270 g)
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D4-16NE3 12--24VAC/DC Input F4-08NE3S 90--150VAC/DC In
Inputs per module 16 (sink/source) Inputs per module 8 (sink/source)

Commons per module 2 (isolated) Commons per module 8 (isolated)

Input voltage range 10.2--26.4VAC/VDC Input voltage range 90--150 VAC/VDC

Peak voltage 37.5VAC/VDC Peak voltage 350 peak < 1ms

AC frequency 47--63 Hz AC frequency 47--63 Hz

ON voltage level > 9.5V ON voltage level > 90 VDC / 75VAC

OFF voltage level < 3.0V OFF voltage level < 60 VDC / 45VAC

Input impedance @ 12V/24V 3.2 K Ω / 2.9 K Ω Input impedance 22 K Ω

Input current @ 12V / 24V 3.8 mA / 8.3 mA Input current 5.5 mA @ 120V

Minimum ON current 4 mA Minimum ON current 4 mA

Maximum OFF current 1.5 mA Maximum OFF current 2 mA

Base power required 5V 150 mA max Base power required 5V 90 mA max

OFF to ON response 5--40 ms OFF to ON response 8 ms

ON to OFF response 10--50 ms ON to OFF response 15 ms

Terminal type Removable Terminal type Removable

Status indicators Logic Side Status indicators Logic Side

Weight 8.8 oz. (250 g) Weight 9 oz. (256 g)
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D4--08TD112--24VDCOutput F4-08TD1S24--150VDC IsolatedOut
Outputs per module 8 (current sinking) Outputs per module 8 (current sinking)

Commons per module 2 internally connected Commons per module 4 (isolated)

Operating voltage 10.2--26.4VDC Operating voltage 24--150VDC

Output type NMOS FET (open drain) Output type MOS FET

Peak voltage 40VDC Peak voltage 200 VDC, <1mS

ON voltage drop 0.5VDC @ 2A, 0.2 VDC @1A ON voltage drop 1VDC @ 2A

Max current (resistive) 2A / point, 5A / common Max current 2A / point, 4A / common

Max leakage current 0.1mA @ 40VDC Max leakage current 5 μA

Max inrush current 12A for 10 ms, 6A for 100 ms Max inrush current 30A /1ms, 6A / 10ms, 3A / 100ms

Minimum load 0.2mA Minimum load N/A

Base power required 5V 150mA max Base power required 5V 295 mA max

External DC required 24VDC 10%@35 mA External DC required None

OFF to ON response 1 ms OFF to ON response 25 μs

ON to OFF response 1 ms ON to OFF response 25 μs

Terminal type Removable Terminal type Removable

Status indicators Logic Side Status indicators Logic Side

Weight 8.4 oz. (240 g) Weight 10 oz. (282 g)

Fuses (non-replaceable) 1 (7A) per common Fuses (non-replaceable) 1 (3A) per output
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D4-16TD1 5-24 VDC Output D4-16TD2, 12--24 VDCOutput
Outputs per module 16 (current sinking) Outputs per module 16 (current sourcing)

Commons per module 2 internally connected Commons per module 2 (isolated)

Operating voltage / peak 4.5--26.4VDC, 40 VDC Peak Operating voltage / peak 10.2--26.4 VDC, 40 VDC Peak

Output type NPN Open collector Output type NPN Emitter Follower

ON voltage drop 0.5V @ 0.5A, 0.2V @ 0.1A ON voltage drop 1.5 VDC @ 0.5A

Max current (resistive) 0.5A / point, 3A / common Max current (resistive) 0.5A / point, 3A / common @
50° C, 2.5A /common @ 60°C

Max leakage current 0.1mA @ 40VDC Max leakage current 0.1mA @ 40 VDC

Max inrush current 2A for 10 ms, 1A for 100 ms Max inrush current 2A for 10 ms, 1A for 100 ms

Minimum load 0.2mA Minimum load 0.2mA

Base power required 5V 200mA max Base power required 5V 400mA max

External DC required 24VDC10% @125mA External DC required None

OFF to ON response 0.5 ms OFF to ON response 1 ms

ON to OFF response 0.5 ms ON to OFF response 1 ms

Terminal type Removable Terminal type Removable

Status indicators Logic Side Status indicators Logic Side

Weight 9.5 oz. (270 g) Weight 9.8 oz. (280 g)

Fuses (non-replaceable) 1 (5A) per common Fuses (non-replaceable) 1 (5A) per common
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D4--32TD1, 5--24VDC Output D4--32TD1--1, 5--15VDC Output
Outputs per module 32 (current sinking) Outputs per module 32 (current sinking)

Commons per module 4 (isolated) Commons per module 4 (isolated)

Operating voltage 4.75--26.4 VDC Operating voltage 5--15 VDC

Output type NPN Open Collector Output type NPN Open Collector (w / pullup)

Peak voltage 36 VDC Peak voltage 16.5 VDC

ON voltage drop 0.6 VDC @ 0.2A ON voltage drop 0.4 VDC @ 0.1A

Max current (resistive) 0.2A / point, 1.6A / common Max current (resistive) 0.09A/pt, 0.72A/com, 2.88A/ mod.

Max leakage current 0.1mA @ 36 VDC Max leakage current 0.01mA @ 16.5 VDC

Max inrush current 1A for 10 ms, 0.5A for 100 ms Max inrush current 0.5A for 10ms, 0.2A for 100ms

Minimum load 0.1mA Minimum load 0.15mA

Base power required 5V 250mA max Base power req., 5V 250mA max

External DC required 24VDC10%, 140mA max External DC required 5--15VDC10%, 150mA max

OFF to ON response 0.1 ms OFF to ON response 0.1 ms

ON to OFF response 0.1 ms ON to OFF response 0.1 ms

Terminal type Removable Terminal type Removable

Status indicators Logic Side Status indicators Logic Side

Weight 6.7 oz. (190 g) Weight 6.7 oz. (190 g)

Fuses None Fuses None
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D4--32TD2, 12--24 VDC Output Module

Outputs per module 32 (current sourcing) External DC required 10.8--26.4VDC
1A / commonCommons per module 4 (isolated) 1A / common
including load

Operating voltage 10.8--26.4 VDC
including load

Output type PNP Open Collector OFF to ON response < 0.2 ms

Peak voltage 30 VDC ON to OFF response < 0.2 ms

ON voltage drop 0.6 VDC @ 0.2A Terminal type Removable

Max current (resistive) 0.2A / point
1 0A / common

Status indicators Logic Side
1.0A / common
4.0A / module Weight 6.7 oz. (190 g)

Max leakage current 0.01mA @ 26.4 VDC Fuses None

Max inrush current 500 mA for 10 ms

Minimum load 0.2mA

Base power required 5V 350mA max
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Only 16 status points can be displayed at one time on the front of the module.
In the A - B position the status of the first group of 16 output points (A0--A7, B0--B7) is displayed.
In the C - D position the status of the second group of 16 output points (C0--C7, D0--D7) is displayed.
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D4--64TD1, TTL/CMOS/5--24 VDC Output Module
Module Location CPU base only * Minimum load 0.1mA
Outputs per module 64 (current sinking) Base power required 5V 800mA max
Commons per module 8 (non--isolated)

p q

Operating voltage 4.75--26.5 VDC
Output type NPN Open Collector External DC required 24VDC10%,

(800mA + 50mA per
common)
7.0A total max

Peak voltage 36 VDC OFF to ON response < 0.1 ms
ON voltage drop 0.6 VDC @ 0.1A ON to OFF response < 0.2 ms

Max current (resistive) 0.1A / point
1.0A / common

A / d l

Terminal type 2, Removable 40-pin
connectors (sold sep.)

8.0A / module Status indicators Logic Side
Max leakage current 0.01mA @ 36 VDC Weight 7.4 oz. (210 g)
Max inrush current 1A for 1 ms

700mA for 100 ms
Fuses None
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Only 32 status points can be displayed at one time on the front of the
module. In the A - B position the status of the first group of 32 output
points (A0--A17, B0--B17) are displayed (connector 1). In the C - D
position the status of the second group of 32 output points (C0--C17,
D0--D17) are displayed (connector 2).
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* Module location -- this module placement is restricted to the local
base on DL430/DL440 systems. It may also be placed in expansion
bases in DL450 systems that are using the new (--1) bases.
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D4--08TA, 18--220VAC Output D4--16TA, 18--220VAC Output
Outputs per module 8 Outputs per module 16

Commons per module 2 (isolated) Commons per module 2 (isolated)

Operating voltage 15--265VAC Operating voltage 15--265VAC

Output type SSR (triac) Output type SSR (triac)

Peak voltage 265VAC Peak voltage 265VAC

AC frequency 47--63 Hz AC frequency 47--63 Hz

ON voltage drop 1.5VAC @ 2A ON voltage drop 1.5 VAC @ 0.5A

Max current 2A / point, 5A / com. @ 30°C
2A / common @ 60 °C

Max current 0.5A / pt, 3A / common @ 45 °C
2A / common @ 60 °C

Max leakage current 5mA @ 265VAC Max leakage current 4mA @ 265VAC

Max inrush current 30A for 10 ms, 10A for 100 ms Max inrush current 15A for 10 ms, 10A for 100 ms

Minimum load 10 mA Minimum load 10 mA

Base power required 5V 250 mA max Base power required 5V 450 mA max

OFF to ON response 1 ms OFF to ON response 1 ms

ON to OFF response 1 ms +1/2 AC cycle ON to OFF response 1 ms +1/2 AC cycle

Terminal type Removable Terminal type Removable

Status indicators Logic Side Status indicators Logic Side

Weight 11.6 oz. (330 g) Weight 12.2 oz. (350 g)

Fuses (non-replaceable) 1 (8A) per common Fuses (non-replaceable) 1 (5A) per common
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D4--08TR, Relay Output F4--08TRS--1, Relay Output
Outputs per module 8 relays Outputs per module 8 relays

Commons per module 2 (isolated) Commons per module 8 (isolated)

Operating voltage 5--30VDC / 5--250VAC Operating voltage:12--30VDC, 12--125VAC, 125--250VAC*

Output type Form A (SPST--NO) Output type: 4, Form C (SPDT), 4, Form A (SPST--NO)

Peak voltage 30VDC / 256VAC Peak voltage 30VDC / 250VAC @10A

AC frequency 47--63 Hz AC frequency 47--63 Hz

Max current (resistive) 2A / point, 5A / common Max current (resistive) 10A / point, 40A / module

Max leakage current 0.1mA @ 265VAC Max leakage current 0.1mA @ 265VAC

Max inrush current 2A Max inrush current 10A

Minimum load 5mA Minimum load 100mA @12 VDC

Base power required 5V 550mA max Base power required 5V 575mA max

External DC required None External DC required None

OFF to ON response 12 ms OFF to ON response 7 ms

ON to OFF response 12 ms ON to OFF response 9 ms

Terminal type Removable Terminal type Removable

Status indicators Logic Side Status indicators Logic Side

Weight 9.1 oz. (260 g) Weight 13.2 oz. (374 g)

Fuses (non-replaceable) 1 (8A) per common Fuses (non-replaceable) 1 (10A/125V) per common
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Maximum DC voltage
rating is 120 VDC @
0.5A, 30,000 cycles
typical. Motor starters
up to and including
NEMA size 3 can be
used with this module.



In
st
al
la
tio
n,
W
iri
ng
,

an
d
S
pe
ci
fic
at
io
ns

In
st
al
la
tio
n
an
d

S
af
et
y
G
ui
de
lin
es

2--46
Installation, Wiring, and Specifications

DL405 User Manual, 4th Edition

F4--08TRS--2, Relay Output D4--16TR, Relay Output
Outputs per module 8 relays Outputs per module 16 relays

Commons per module 8 (isolated) Commons per module 2 (isolated)

Operating voltage 12--30VDC, 12--250VAC Operating voltage 5--30VDC / 5--250VAC

Output type: 4 Form C (SPDT), 4 Form A (SPST--NO) Output type Form A (SPST--NO)

Peak voltage 30VDC / 250VAC @5A Peak voltage 30VDC / 256VAC

AC frequency 47--63 Hz AC frequency 47--63 Hz

Max current (resistive) 5A / point, 40A / module Max current (resistive) 1A / point, 5A / common

Max inrush current 10A Max leakage current 0.1mA @ 265VAC

Minimum load 100mA @12 VDC Max inrush current 4A

Base power required 5V 575mA max Minimum load 5mA

External DC required None Base power required 5V 1000mA max

OFF to ON response 7 ms External DC required None

ON to OFF response 9 ms OFF to ON response 10 ms

Terminal type Removable ON to OFF response 10 ms

Status indicators Logic Side Terminal type Removable

Weight 13.8 oz. (390 g) Status indicators Logic Side

Fuses, (user replaceable) 1 (10A, 250V) per common Weight 10.9 oz. (310 g)

19379--K--10A Wickman Fuses (non-replaceable) 1 (8A) per common
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Glossary of Specification Terms
Inputs or Outputs Per
Module

Indicates number of electrical input or output points per module and designates
current sinking, current sourcing, or either.

Commons Per Module Number of electrical commons per module. A common is a connection to an input
or output module which is shared by multiple I/O circuits. It is ususally in the return
path to the power supply of the I/O circuit.

Input Voltage Range The operating voltage range of an input circuit, measured from an input point to its
common terminal, when the input is ON.

Output Voltage Range The output voltage range of an output circuit, measured from an output point to its
common terminal, when the output is OFF.

Peak Voltage Maximum voltage allowed for an input or output circuit for a short duration.

AC Frequency AC modules are designed to operate within a specific frequency range.

ON Voltage Level The minimum voltage level at which an input point will turn ON.

OFF Voltage Level The maximum voltage level at which an input point will turn OFF.

Input Impedance The electrical resistance measured between an input point and its common point.
Since this resistance is non-linear, it may be listed for various input currents.

Input Current Typical operating current for an active (ON) input.

Minimum ON Current The minimum current for the input circuit to operate reliably in the ON state.

Maximum OFF Current The maximum current for the input circuit to operate reliably in the OFF state.

Minimum Load The minimum load current required for an output circuit to operate properly.

External DC Required Some output modules require external power for the output circuitry.

On Voltage Drop Sometimes called “saturation voltage”, it is the voltage measured from an output
point to its common terminal when the output is ON, at max. load.

Maximum Leakage
Current

The maximum current a connected maximum load will receive when the output
point is OFF.

Maximum Inrush Current The maximum current used by a load for a short duration upon an OFF to ON
transition of a output point. It is greater than the normal ON state current and is
characteristic of inductive loads in AC circuits.

Base Power Required The +5VDC power from the base required to operate the module. Be sure to
observe the base power budget calculations.

OFF to ON Response The time the module requires to process an OFF to ON state transition.

ON to OFF Response The time the module requires to process an ON to OFF state transition.

Status Indicators The LEDs that indicate the ON/OFF status of an input or output point. These LEDs
are electrically located on the logic (CPU) side of the I/O interface circuit.

Terminal Type Indicates whether the module’s connector is removable or non-removable.

Weight Indicates the weight of the module. See Appendix E for a list of the weights for the
various DL405 components.

Fuses Protective device for an output circuit, which stops current flow when current
exceeds the fuse rating current. It may be replaceable or non-replaceable, or
located externally or internally.
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