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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.

To minimize the risk of potential safety problems, you should follow all applicable local and national
codes that regulate the installation and operation of your equipment. These codes vary from area to area
and usually change with time. It is your responsibility to determine which codes should be followed, and
to verify that the equipment, installation, and operation is 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 and are not designed, manufactured or intended for use or resale as
on-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 (“High Risk Activities”). AutomationDirect
specifically disclaims any expressed or implied warranty of fitness for High Risk Activities.

For additional warranty and safety information, see the Terms and Conditions section of our catalog.
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 improve our products and services, so we reserve the right to
make changes to the products and/or publications at any time without notice and without any obligation.
This publication may also discuss features that may not be available in certain revisions of the product.

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 2018, 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.



~ ADVERTENCIA »

Gracias por comprar equipo de automatizacién de Automationdirect.com®. Deseamos que su nuevo equipo
q

de automatizacién opere de manera segura. Cualquier persona que instale o use este equipo debe leer esta

publicacién (y cualquier otra publicacién pertinente) antes de instalar u operar el equipo.

Para reducir al minimo el riesgo debido a problemas de seguridad, debe seguir todos los cédigos de seguridad
locales o nacionales aplicables que regulan la instalacién y operacién de su equipo. Estos cdigos varian de
4rea en 4rea y usualmente cambian con el tiempo. Es su responsabilidad determinar cuales cédigos deben ser
seguidos y verificar que el equipo, instalacién y operacién estén en cumplimiento con la revisién mas reciente
de estos cddigos.

Como minimo, debe seguir las secciones aplicables del Cédigo Nacional de Incendio, Cédigo Nacional Eléctrico,
y los cédigos de (NEMA) la Asociacién Nacional de Fabricantes Eléctricos de USA. Puede haber oficinas de
normas locales o del gobierno que pueden ayudar a determinar cuales codigos y normas son necesarios para una
instalacién y operacién segura.

Si no se siguen todos los cddigos y normas aplicables, puede resultar en dafios al equipo o lesiones serias a
personas. No garantizamos los productos descritos en esta publicacién para ser adecuados para su aplicacién
en particular, ni asumimos ninguna responsabilidad por el disefio de su producto, la instalacién u operacién.

Nuestros productos no son tolerantes a fallas y no han sido disefiados, fabricados o intencionados para uso
o reventa como equipo de control en linea en ambientes peligrosos que requieren una ejecucién sin fallas,
tales como operacién en instalaciones nucleares, sistemas de navegacién aérea, o de comunicacién, control de
trifico aéreo, mdquinas de soporte de vida o sistemas de armamentos en las cuales la falla del producto puede
resultar directamente en muerte, heridas personales, o dafios fisicos 0 ambientales severos (“Actividades de Alto
Riesgo”). Automationdirect.com especificamente rechaza cualquier garantfa ya sea expresada o implicada
para actividades de alto riesgo.

Para informacién adicional acerca de garantfa e informacién de seguridad, vea la seccién de Términos
y Condiciones de nuestro catdlogo. Si tiene alguna pregunta sobre instalacién u operacién de este equipo, o
si necesita informacién adicional, por favor lldmenos al nimero 770-844-4200 en Estados Unidos.
Esta publicacién estd basada en la informacién disponible al momento de impresién. En Automationdirect.
com nos esforzamos constantemente para mejorar nuestros productos y servicios, asf que nos reservamos el
derecho de hacer cambios al producto y/o a las publicaciones en cualquier momento sin notificacién y sin
ninguna obligacién. Esta publicacién también puede discutir caracteristicas que no estén disponibles en ciertas
revisiones del producto.

Marcas Registradas

Esta publicacién puede contener referencias a productos producidos y/u ofrecidos por otras compafifas. Los nombres de las
compafias y productos pueden tener marcas registradas y son propiedad (nica de sus respectivos duefos. Automationdirect.com,
renuncia cualquier interés propietario en las marcas y nombres de otros.

PROPIEDAD LITERARIA 2018, AUTOMATIONDIRECT.COM® INCORPORATED

Todos los derechos reservados

No se permite copiar, reproducir, o transmitir de ninguna forma ninguna parte de este manual sin previo consentimiento por escrito
de Automationdirect.com® Incorprated. Automationdirect.com retiene los derechos exclusivos a toda la informacién incluida en
este documento. Los usuarios de este equipo pueden copiar este documento solamente para instalar, configurar y mantener el equipo
correspondiente. También las instituciones de ensefianza pueden usar este manual para propésitos educativos.



~ AVERTISSEMENT ~

Nous vous remercions d’avoir acheté I'équipement d’automatisation de Automationdirect.comMC, en faisant des
affaires comme, AutomationDirect. Nous tenons a 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 I'installer ou de l'utiliser.

Afin de réduire au minimum le risque d’éventuels problemes de sécurité, vous devez respecter tous les codes locaux
et nationaux applicables régissant I'installation et le fonctionnement de votre équipement. Ces codes different d’une
région 4 l'autre et, habituellement, évoluent au fil du temps. Il vous incombe de déterminer les codes 2 respecter et
de vous assurer que 'équipement, I'installation et le fonctionnement sont conformes aux exigences de la version la
plus récente de ces codes.

Vous devez, 4 tout le moins, respecter toutes les sections applicables du Code national de prévention des incendies,
du Code national de I’électricité et des codes de la National Electrical Manufacturer’s Association (NEMA). Des
organismes de réglementation ou des services gouvernementaux locaux peuvent également vous aider 4 déterminer
les codes ainsi que les normes & respecter pour assurer une installation et un fonctionnement sirs.

L’omission de respecter la totalité des codes et des normes applicables peut entrainer des dommages 4 'équipement
ou causer de graves blessures au personnel. Nous ne garantissons pas que les produits décrits dans cette publication

conviennent 2 votre application particuliere et nous n’assumons aucune responsabilité & I'égard de la conception, de
I'installation ou du fonctionnement de votre produit.

Nos produits ne sont pas insensibles aux défaillances et ne sont ni congus ni fabriqués pour I'utilisation ou la revente
en tant quéquipement de commande en ligne dans des environnements dangereux nécessitant une sécurité absolue,
par exemple, 'exploitation d’installations nucléaires, les systemes de navigation aérienne ou de communication, le
controle de la circulation aérienne, les équipements de survie ou les systemes d’armes, pour lesquels la défaillance du
produit peut provoquer la mort, des blessures corporelles ou de graves dommages matériels ou environnementaux
(«activités a risque élevé»). La société AutomationDirect nie toute garantie expresse ou implicite d’aptitude a
I'emploi en ce qui a trait aux activités a 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 U'installation ou du fonctionnement de cet
équipement, ou encore si vous avez besoin de renseignements supplémentaires, n’hésitez pas a nous téléphoner au

770-844-4200.

ette publication s’appuie sur 'information qui était disponible au moment de 'impression. A la société

Cette publication ie sur 'informati tait di ble au moment de 'impression. A la sociét
AutomationDirect, nous nous efforcons 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 étre offertes dans certaines versions révisées du produit.

Marques de commerce

La présente publication peut contenir des références a des produits fabriqués ou offerts par d’autres entreprises. Les
désignations des produits et des entreprises peuvent étre des marques de commerce et appartiennent exclusivement a
leurs propriétaires respectifs. AutomationDirect nie tout intérét dans les autres marques et désignations.

Copyright 2018, Automationdirect.com Incorporated

Tous droits réservés

Nulle partie de ce manuel ne doit étre copiée, reproduite ou transmise de quelque fagon que ce soit sans le
consentement préalable écrit de la société Automationdirect.com Incorporated. AutomationDirect conserve les
droits exclusifs & 'égard de tous les renseignements contenus dans le présent document.
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- Chapter 1: Getting Started

Introduction

The Purpose of this Manual

Thank you for purchasing a DLO5 Micro PLC. This manual shows you how to install,
program, and maintain all the Micro PLCs in the DLO05 family. 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 DLO5 PLCs, 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.

Where to Begin

If you already understand the DLO5 Micro PLC 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 run into questions. If you are a new DL05 customer, we suggest
you read this manual completely so you can understand the wide variety of features in the
DLO5 family of products. We believe you will be pleasantly surprised with how much you can
accomplish with AutomationDirect products.

Supplemental Manuals

The DO-OPTIONS-M manual will be most helpful to select and use any of the optional
modules that are available for the DLO5 PLC which includes the analog I/O modules. If you
have purchased operator interfaces or DirectSOFT programming software you will need to
supplement this manual with the manuals that are written for these products.

Technical Support

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

* Table of Contents — chapter and section listing of contents, in the front of this manual

e Appendices — reference material for key topics, near the end of this manual
pPp y top

You can also check our online resources for the latest product support information:

* Internet — the address of our website is: http://www.automationdirect.com

If you still need assistance, please call us at 770-844—4200. Our technical support team will be
available 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.
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Conventions Used

= When you see the “notepad” icon in the left-hand margin, the paragraph to its immediate
‘E right will be a special note. Notes represent information that may make your work quicker
or more efficient. The word NOTE: in boldface will mark the beginning of the text.

When you see the “exclamation point” icon in the left-hand margin, the paragraph to its
immediate right will be a warning. This information could prevent injury, loss of property,

& or even death in extreme cases. Any warning in this manual should be regarded as critical
information that should be read in its entirety. The word WARNING in boldface will mark the
beginning of the text.

Key Topics for Each Chapter Getting Started HAPTER

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

General INFOrmation ........oocecevevrsvcmivssoenssssenisssnen 12
i 1-4

/\/\/\
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DLOS Micro PLC Components

The DL0O5 Micro PLC family is a versatile product line
that provides a wide variety of features in a very compact
footprint. The PLCs are small, yet offer many features usually
found only in larger, more expensive systems. These include a
removable connector, and two RS$232 communication ports.

The DLO05 Micro PLC Family

The DL05 Micro PLC family includes eight different versions. All have the same appearance
and CPU performance. The CPU offers the same instruction set as our popular DL.240 CPU,
plus several more instructions specifically designed for machine control applications. All DL05
PLCs have two RS232 communications ports. Units with DC inputs have selectable high-
speed input features on three input points. Units with DC outputs offer selectable pulse output
capability on the first and second output points. All DL05 Micro PLCs offer a large amount
of program memory, a substantial instruction set and advanced diagnostics. Details of these
features and more are covered in Chapter 3, CPU Specifications and Operation. The eight
types of DL05 Micro PLCs provide a variety of Input/Output choices, listed in the following

table.
DLO05 Micro PLC Family
DI\II'E;ESP Dlschtngt:npul Dlscr%t‘;apgulpul External Power nglhr;;?teed Pulse Output
D0-05AR AC Relay 95-240 VAC No No
D0-05DR DC Relay 95-240 VAC Yes No
D0-05AD AC DC 95-240 VAC No Yes
D0-05DD DC DC 95-240 VAC Yes Yes
D0-05AA AC AC 95-240 VAC No No
D0-05DA DC AC 95-240 VAC Yes No
D0-05DR-D DC Relay 12-24 VDC Yes No
D0-05DD-D DC DC 12-24 VDC Yes Yes

DirectSOFT Programming for Windows™
The DLO5 Micro PLC can be programmed with one of the most advanced programming
packages in the industry —DirectSOFT, a Windows-based software package that supports
familiar features such as cut-and-paste between applications, point-and-click editing, viewing
and editing multiple application programs at the same time, etc.
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DirectSOFT universally supports the DirectLOGIC CPU families. This means you can use the
full version of DirectSOFT to program DL05, DL06, DL105, DL205, DL305, DL405 CPUs.
The DirectSOFT Programming Software User Manual discusses the programming language in
depth. DirectSOFT version 2.4 or later is needed to program the DLO5.

Handheld Programmer
All DLO5 Micro PLCs have built-in programming ports for use with the handheld programmer
(D2-HPP), the same programmer is used with the DL06 and DL205 families. The handheld
programmer can be used to create, modify and debug your application program. A separate
manual discusses the handheld programmer. The D2-HPP requires firmware version 1.09 or
later to program the DLO5.

NOTE: Not all program instructions are available to use with the HHP, such as the DRUM instruction. Use
DirectSOFT for these instructions.

1/0 Selection Quick Chart

The eight versions of the DLO5 have Input/Output circuits which can interface to a wide
variety of field devices. In several instances a particular Input or Output circuit can interface
to either DC or AC voltages, or both sinking and sourcing circuit arrangements. Check this
chart carefully to find the best suited DL05 Micro PLC to interface with the field devices in
your application.

1/0 Selection Chart
INPUTS OUTPUTS
DLO5 Part
Number 1/0 type/ | «. Voltage 1/0 type/ | «. .
commons Sink/Source Ranges |commons Sink/Source | Voltage/ Current Ratings
) 6 - 27VDC, 2A*
D0-05AR AC/2 - 90-120 VAC | Relay/2 | Sink or Source 6 - 240 VAC, 2A *
D0-05DR DC/2 | SinkorSource | 12-24 VDG | Relay/2 | Sink or Source 6 - 27VDC, 21"
6—240 VAC, 2A *

Ny B _ ) 627 VDC, 0.5A (Y0-Y2)
D0-05AD AC/2 90 -120 VAC DC/1 Sink 6— 27 VDC. 1.0A (Y3-Y5)

v ) _ . 6 —-27 VDG, 0.5A (Y0-Y2)
D0-05DD DC/2 | SinkorSource | 12-24VDC | DC/1 Sink 6— 27 VDG 1.0A (Y3-Y5)
D0-05AA AC/2 - 90 - 120 VAC AC/2 - 17 — 240 VAC, 47 — 63 Hz, 0.5A*
D0-05DA DC/2 | Sinkor Source | 12-24VDC AC/2 - 17 — 240 VAC, 47 — 63 Hz, 0.5A *

) ) 6-27VDC, 2A
D0-05DR-D DC/2 | Sinkor Source | 12—-24VDC | Relay/2 | Sink or Source 6 240 VAC. 2A *
v ¥ ) _ . 6 —-27 VDG, 0.5A (Y0-Y2)
D0-05DD-D DC/2 | SinkorSource | 12-24VDC | DC/1 Sink 6— 27 VDG, 1.0A (Y3-Y5)

* See Chapter 2 Specifications for your particular DLO5 version.
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Quick Start for PLC Checkout and Programming

The following is example is not intended to tell you everything that you will need to start-up
your system, but is only intended to give you a general picture of what you will need to get your
system powered-up. Please review warnings and helpful tips by becoming familiar with the
content of the rest of the manual.

Step 1: Unpack the DLO5 Equipment

Unpack the DLO5 and gather the parts necessary to build this demonstration system. The
recommended components are:

e DL05 Micro PLC

* AC power cord or DC power supply

* Toggle switches or simulator module, FO-08SIM(see Step 2 on next page).
* Hook-up wire, 16-22 AWG

e DL05 User Manual (this manual)

* A small screwdriver, 5/8” flat or #1 Phillips type

You will need at least one of the following programming options:

* DirectSOFT Programming Software, DirectSOFT Manual, and a
programming cable (connects the DL05 to a personal computer), or

* D2-HPP Handheld Programmer (comes with programming
cable), and the Handheld Programmer Manual
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Step 2: Connect Switches to Input Terminals
To complete this quick-start exercise or use other examples in this manual, you’ll need to either
connect some input switches as shown below or install the FO-08SIM, a simulator module
which needs no wiring, into the option slot. If you have DC inputs you will need to use the
FA-24PS (24VDC) or an alternative external 12-24VDC power supply. Be sure to follow the
instructions in the accompanying WARNING note.

D0-O5DR, D0-05DD, D0-05DA
D0-05DR-D, D0-05DD-D
(DC input versions, 12-24VDC)

95-240 V v
30VA 50-60Hz

AC(L)|AC(N)] CO | X1 [ X3 | X4 | X6 | C2| Y1| Y3 | Y5
COILG,| X0| X2 | C1| X5 | X7|YO| Y2 | Y4|+V

COHPOPEDEDED
L | BEoepecoeee

X0 - X7: Input ‘ Y0 - Y5: Output

nl \ g
- Toggle Switches, UL Listed

12-24VDC (User provided)
Power Supply

D0-05AR, D0-05AD, D0-05AA
(AC input versions, 120V AC only)

95-240 V v
30VA 50-60Hz

AcJacN) co [ x1[x3xa [ xe[c2] vi[va | vs

X0 - X7: Input ‘ YO - Y5: Output

WARNING: DO NOT wire the

GolLe,] X0 xa[ 1] x5 [ x7|vo [ vz] va|c3 toggle switches as shown to
240VAC-powered units. The
Sl lclelelelels el discrete inputs will only accept
120VAC nominal. Also, remove
U @%@@@@@@@@@ I & power and unplug the DLO5 when
— wiring the switches. Only use

UL-approved switches rated for at
f%— least 250VAC, 1A for AC inputs.

g% Firmly mount the switches before
— using.

[ A

Toggle Switches, UL Listed

Mlear nrAvidad)
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Step 3: Connect the Power Wiring
Connect the power input wiring for the DL0O5. Observe all precautions stated earlier in this
manual. For more details on wiring, see Chapter 2 on Installation, Wiring, and Specifications.
When the wiring is complete, close the connector covers. Do not apply power at this time.

110/220 VAC Power Input 12/24 VDC Power Input
12-24VDC Siny
e | Y0, e |27
AC(L)|AC(N)] CO | X1 | X3 | X4 | . + — | CO[X1|X3]|X4]| X
GOILG,| X0 X2 | C1| X5 | x. CO|LG,| X0| X2| C1| X5 X7,
PPPODEPDD DOEOPDDDODED
g EEeceeeess. PEeeeeeees-.

- %4 - %4

LGN +G-
95 - 240 VAC

Step 4: Connect the Programming Device
Most programmers will use DirectSOFT programming software, installed on a personal
computer. Or, you may need the portability of the Handheld Programmer. Both devices will
connect to COM port 1 of the DLO5 via the appropriate cable.

Use cable part #
D2-DSCBL

(cable comes with HPP)

For replacement
cable, use part #
DV-1000CBL
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Step 5: Switch on the System Power

Apply power to the system and ensure the PWR indicator on the DLO5 is on. If not, remove
power from the system and check all wiring and refer to the troubleshooting section in Chapter
9 for assistance.

Step 6: Initialize Scratchpad Memory

It’s a good precaution to always clear the system memory (scratchpad memory) on a new DLO5.
There are two ways to clear the system memory:

* In DirectSOFT, select the PLC menu, then Setup, then Initialize Scratchpad. For
additional information, see the DirectSOFT Manual.

e For the Handheld Programmer, use the AUX key and execute AUX 54.

See the Handheld Programmer Manual for additional information.

Step 7: Enter a Ladder Program
At this point, refer to the DirectSOFT Manual for the Quick Start Tutorial. There you will
learn how to establish a communications link with the DL05 PLC, change CPU modes to
Run or Program, and enter a program. If you are learning how to program with the Handheld
Programmer, make sure the CPU is in Program Mode (the RUN LED on the front of the DL05
should be off). If the RUN LED is on, use the MODE key on the Handheld Programmer to
put the PLC in Program Mode. Enter the following keystrokes on the Handheld Programmer.

Clear the Program
Equivalent DirectSOFT display CLR | | CLR 9

B o 2 ][50 | [ox] [ ] [or] [on |
f—————(out
’NEXT‘ ’$STR ‘ ’ — ‘ ’A 0 ‘ ‘ ENT ‘ gﬂdodvristg ;hnedﬁeriier
(EN @ X0 contact
’G()J(UT‘ ’ N ‘ ’Ao ‘ ‘ENT ‘ Enter output YO
cafenfewlon]ca T

After entering this simple example program, put the PLC in Run mode by using the Mode key
on the Handheld Programmer.

The RUN indicator on the PLC will illuminate indicating the CPU has entered the Run mode.
If not, repeat this step, ensuring the program is entered properly or refer to the troubleshooting
guide in chapter 9.

After the CPU enters the run mode, the output status indicator for YO should follow the switch
status on input channel X0. When the switch is on, the output will be on.
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Steps to Designing a Successful System
Step 1: Review the Installation Guidelines

Always make safety the first priority in any
system design. Chapter 2 provides several
guidelines that will help you design a safer,
more reliable system. This chapter also includes
wiring guidelines for the various versions of the

DLO05 PLC.

Step 2: Understand the PLC Setup

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

Step 3: Review the I/O Selection Criteria e
There are many considerations involved when °°
you select your I/O type and field devices.
Take time to understand how the various types
of sensors and loads can affect your choice of

1/0 type. A ]

|

|

|
Input |
Sensing |
|

|

Step 4: Choose a System Wiring Strategy F?@WT

It is important to understand the various

. . . DLO5
system design options that are available before Fl P
wiring field devices and field-side power [ “aec | 8Inputs __ Commons
supplies to the Micro PLC. 11 |
—

Step 5: Understand the System Operation
Before you begin to enter a program, it is very
helpful to understand how the DLO5 system
processes information. This involves not only

program execution steps, but also involves the
various modes of operation and memory layout

characteristics. \
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Step 6: Review the Programming Concepts
The DLO5 PLC instruction set provides for three main approaches to solving the application
program, depicted in the figure below.

* 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 also be needed to augment drums and stages.

* The Timer/Event Drum Sequencer features up to 16 steps and offers
both time and/or event-based step transitions. The DRUM instruction
is best for a repetitive process based on a single series of steps.

¢ 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.

Standard RLL Programming Timer/Event Drum Sequencer

(see Chapter 5) (see Chapter 6)

AN =
' ‘ Coom COraNN D
Comedr—CEgim

After reviewing the programming concepts above, you’ll be equipped with a variety of tools to
write your application program.

Stage Programming
(see Chapter 7)

Step 7: Choose the Instructions
Once you have installed the Micro PLC and VR T
understand the main programming concepts, you K30
can begin writing your application program. At CNT CT3
that time you will begin to use one of the most K10
powerful instruction sets available in a small PLC.

Step 8: Understand the Maintenance and

Troubleshooting Procedures

Sometimes equipment failures occur when we
least expect it. Switches fail, loads short and need
to be replaced, etc. In most cases, the majority of
the troubleshooting and maintenance time is spent
trying to locate the problem. The DL05 Micro
PLC has many built-in features such as error codes
that can help you quickly identify problems.

-
o
-
2
-
-
-

YV YY)
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Questions and Answers about DL05 Micro PLCs

Q. What is the instruction set like?

A. The instruction set is very close to our popular DL240 CPU. However, there are significant
additions, such as the drum instruction, networking, PID control and High-Speed 1/0O
capabilities.

Q. Do I have to buy the full DirectSOFT programming package to program the
DLO052
A. No, DirectSOFT programming software is available for programming Direcs.LOGIC PLCs
for no additional charge; however this FREE version will only allow 100 maximum words
to be programmed. Go to AutomationDirect.com for more information.

Q. Is the DLO5 expandable?

A. No, the DL05 series are stand-alone PLCs with one slot for the installation of an available
option module. They do not have expansion bases, such as our DL205 system which has
expansion bases, yet are very compact and affordable.

Q. Does the DLO05 have motion control capability?

A. Yes. The units with DC I/O have selectable high-speed input features on three inputs. There
is also an optional High-Speed Counter I/O module available with special utility software.
Either can accept pulse-type input signals for high-speed counting or timing applications and
provide high-speed pulse-type output signals for stepper/servo motor control, monitoring,
alarm or other discrete control functions. Three types of motion profiles are available, which
are explained in Chapter 3.

Q. Are the ladder programs stored in a removable EEPROM?

A. The DLO5 contains a non-removable FLASH memory for program storage, which may be
written and erased thousands of times. You may transfer programs to/from the DLO5 using
DirectSOFT on a PC, or the HPP (which does support a removable EEPROM). There is an
optional CMOS RAM memory cartridge (MC) available (See Chapter 10).

Q. Does the DLO05 contain fuses for its outputs?

A. There are no output circuit fuses. Therefore, we recommend fusing each channel, or fusing
each common. See Chapter 2 for I/O wiring guidelines.

Q. Is the DLO5 Micro PLC UL approved?

A. The Micro PLC has met the requirements of UL (Underwriters’ Laboratories, Inc.), and
CUL (Canadian Underwriters’ Laboratories, Inc.).

Q. Does the DL05 Micro PLC comply with European Union (EU) Directives?
A. The Micro PLC has met the requirements of the European Union Directives (CE).

1 _ 12 I DL05 Micro PLC User Manual, 6th Edition, Rev. E



Chapter 1: Getting Started.

Q. Which devices can I connect to the communication ports of the DL05?

A. Port 1: The port is RS-232, fixed at 9600 baud, and uses the proprietary K-sequence
protocol. The DLO5 can also connect to Modbus RTU and DirecsNET networks as a slave
device through port 1. The port communicates with the following devices:

* DirectSOFT (running on a personal computer)
e D2-HPP handheld programmer

* Other devices which communicate via K-sequence protocol should work with the DL05
Micro PLC. Contact the vendor for details.

A. Port 2: The port is RS232, with selective baud rates (300-38,400bps), address and parity. It
also supports the proprietary K-sequence protocol as well as DirecsZNET and Modbus RTU

and non-sequence/print protocols.

Q. Can the DL05 accept 5VDC inputs?
A. No, 5 volts is lower than the DC input ON threshold. However, many TTL logic circuits
can drive the inputs if they are wired as open collector (sinking) inputs. See Chapter 2 for
/O wiring guidelines.
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Safety Guidelines

NOTE: Products with CE marks perform their required functions safely and adhere to relevant standards
as specified by CE directives provided they are used according to their intended purpose and that the
instructions in this manual are adhered to. The protection provided by the equipment may be impaired if this
equipment is used in a manner not specified in this manual. A listing of our international affiliates is available
on our Web site: http.//www.automationdirect.com

WARNING: Providing a safe operating environment for personnel and equipment is your responsibility
and should be your primary goal during system planning and installation. Automation systems can fail
and may result in situations that can cause serious injury to personnel or damage to equipment. Do not
rely on the automation system alone to provide a safe operating environment. You should use external
electromechanical devices, such as relays or limit switches, that are independent of the PLC application
to provide protection for any part of the system that may cause personal injury or damage. Every
automation application is different, so there may be special requirements for your particular application.
Make sure you follow all national, state, and local government requirements for the proper installation
and use of your equipment.

Plan for Safety

The best way to provide a safe operating environment is to make personnel and equipment
safety part of the planning process. You should examine every aspect of the system to determine
which areas are critical to operator or machine safety. If you are not familiar with PLC system
installation practices, or your company does not have established installation guidelines, you
should obtain additional information from the following sources.

* NEMA — The National Electrical Manufacturers Association, located in Washington, D.C.,
publishes many different documents that discuss standards for industrial control systems. You can
order these publications directly from NEMA. Some of these include:

* ICS 1, General Standards for Industrial Control and Systems
ICS 3, Industrial Systems
ICS 6, Enclosures for Industrial Control Systems

* NEC — The National Electrical Code provides regulations concerning the installation and use of
various types of electrical equipment. Copies of the NEC Handbook can often be obtained from
your local electrical equipment distributor or your local library.

® Local and State Agencies — many local governments and state governments have additional
requirements above and beyond those described in the NEC Handbook. Check with your local
Electrical Inspector or Fire Marshall office for information.
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Three Levels of Protection
The publications mentioned provide many ideas and requirements for system safety. At a
minimum, you should follow these regulations. Also, you should use the following techniques,
which provide three levels of system control.

* Emergency stop switch for disconnecting system power
® Mechanical disconnect for output module power

* Orderly system shutdown sequence in the PLC control program

Emergency Stops
It is recommended that emergency stop circuits be incorporated into the system for every
machine controlled by a PLC. For maximum safety in a PLC system, these circuits must not
be wired into the controller, but should be hardwired external to the PLC. The emergency stop
switches should be easily accessed by the operator and are generally wired into a master control
relay (MCR) or a safety control relay (SCR) that will remove power from the PLC I/O system
in an emergency.

MCRs and SCRs provide a convenient means for removing power from the I/O system during
an emergency situation. By de-energizing an MCR (or SCR) coil, power to the input (optional)
and output devices is removed. This event occurs when any emergency stop switch opens.
However, the PLC continues to receive power and operate even though all its inputs and
outputs are disabled.

The MCR circuit could be extended by placing a PLC fault relay (closed during normal
PLC operation) in series with any other emergency stop conditions. This would cause the
MCR circuit to drop the PLC I/O power in case of a PLC failure (memory error, 1/O
communications error, etc.).

Use E-Stop and Master Relay
— ~

Guarg Master

Power On
E STOP Link Relay

Guard Line Switch

e

I:IIIIO
| K

[/

Emergency
Stop

»—c_l_o—t{
MCR

»—{ }% L1 to Output Commons
[0} n

MCR

L1 to Input Commons
> (optional)
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Emergency Power Disconnect
A properly rated emergency power disconnect should be used to power the PLC controlled
system as a means of removing the power from the entire control system. It may be necessary
to install a capacitor across the disconnect to protect against a condition known as “outrush”.
This condition occurs when the output Triacs are turned off by powering off the disconnect,
thus causing the energy stored in the inductive loads to seck the shortest distance to ground,
which is often through the Triacs.

After an emergency shutdown or any other type of power interruption, there may be
requirements that must be met before the PLC control program can be restarted. For example,
there may be specific register values that must be established (or maintained from the state prior
to the shutdown) before operations can resume. In this case, you may want to use retentive
memory locations, or include constants in the control program to insure a known starting

point.
O
Orderly System Shutdown Jam T”Srgvﬁ’ !
Ideally, the first level of fault detection is the Deltect
PLC control program, which can identify _| | @

machine problems. Certain shutdown
sequences should be performed. The types of @
problems are usually things such as jammed
parts, etc., that do not pose a risk of personal
injury or equipment damage.

Retract

WARNING: The control program must not be the only form of protection for any problems that may
result in a risk of personal injury or equipment damage.
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Chapter 2: Installation, Wiring, and Speciﬁcations.

Orientation to DLO5 Front Panel

Most connections, indicators, and labels on the DL05 Micro PLCs are located on its front
panel. The communication ports are located on the top side of the PLC. Please refer to the
drawing below.

Mode Switch
Mounting tab
g \ / Communication Ports
/o) 4 —
e =1 T\~ Output Status Indicators
INPUT OUTPUT
Input Status Indicators  __| X0 X1 X2 X3 X4 X5 X6 X7 YO Y1 Y2 Y3 Y4 Y5
|
an || m
Qee))e) @ele)e)e)e a
vl Status
™1 [ ]
Q{OI%%t 05 w || m Indicators

95 - 240V ~v
30VA 50 - 60 Hz

X0 - X7: Input Y0 - Y5: Ouput

ach [acy | coxi [xa [xa [ xe [ ca]vi| va] vs
GG xo[ xe[er[xs[x7Tvo] ve[vacs

Z22p/p53sala]y
. %@@@ 222 @1

\ / WE{E/\ Mounting tab

External Power  Discrete Input Discrete Output Output Circuit Power Input
Inputs Terminals Terminals  (for DC output versions only)

The upper section of the connector accepts external power connections on the two left-most
terminals. From left to right, the next five terminals are one of the input commons (C0) and
input connections X1, X3, X4, and X6. The remaining four connections are an output common
(C2) and output terminals Y1, Y3, and Y5.

The lower section of the connector has the chassis ground (G) and the logic ground (LG)
on the two left-most terminals. The next two terminals are for the inputs X0 and X2. Next
is the other input common (C1) followed by inputs X5 and X7. The last four terminals are
for outputs Y0, Y2, Y4, and the second output common (C3). On DC output units, the end
terminal on the right accepts power for the output stage.

An option slot is located on the right end of the PLC. This is where the simulator module can
be installed for testing. Option module descriptions available for the DLO5 can be found either
in the DLO5/DL06 Options Modules User Manual, DO-OPTIONS-M, in our catalog or on

our website.

WARNING: For some applications, field device power may still be present on the terminal block even

& though the Micro PLC is turned off. To minimize the risk of electrical shock, check all field device power
before you expose or remove either connector wire from under a terminal block, or two 18AWG wires
(one on each side of the screw).
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Connector Removal

All of the terminals for the DL05 are contained on one connector block. In some instances, it may be
desirable to remove the connector block for easy wiring. The connector is designed for easy removal

with just a small screwdriver. The drawing below shows the procedure for removal at one end.

95 - 240V " Y0 - Y5: Ouput

30VA 50 - 60 Hz
‘Ac(n‘Ac(N)ldF xw‘xslm‘xslcz‘wlva‘w‘ ‘
‘G@‘Lej,lxo‘lecw‘xs‘wlvo‘vzlm‘ca‘

EEEEEEEEEEE)
el

A

1. Loosen the retention screws on each end of the connector block.

X0 - X7 Input

Connector Removal

2. From the center of the connector block, pry upward with
the screwdriver until the connector is loose.

The terminal block connector on DLO5 PLCs has regular screw terminals, which will accept
either standard blade-type or #1 Philips screwdriver tips. Use No. 16 to 18AWG solid/stranded

wire. The maximum torque is 0.343 N-m (3.036 lb-inches).
Spare terminal block connectors and connector covers may be ordered by individual part

numbers:

Spare Parts -Terminal Block and Cover

Part Number Qty Per Package Description
FO-I0CON 2 DLO5 1/0 Terminal Block
DL05 1/0 Terminal Block, /0 Terminal
DO-AAC-1 1 each Black Cover, and Option Slot Cover
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Chapter 2: Installation, Wiring, and Speciﬁcations.

Mounting Guidelines

In addition to the panel layout guidelines, other specifications can affect the definition and
installation of a PLC system. Always consider the following:

* Environmental Specifications

* Power Requirements

 Agency Approvals

* Enclosure Selection and Component Dimensions

Unit Dimensions
The following diagram shows the outside dimensions and mounting hole locations for all
versions of the DLO5. Make sure you follow the installation guidelines to allow proper spacing
from other components.

0.39"
10mm

T
[o}

0

0.39"

10mm ‘ - 256" _p ‘
65mm *
[ 0.47"

12
334" &/ o

85mm *

(2 1.46"

0.24" mounting tab % F
6mm
2.68" 4%

68mm
(DIN Rail)

Enclosures

Your selection of a proper enclosure is important to ensure safe and proper operation of your
DLO5 system. Applications of DLO5 systems vary and may require additional features. The
minimum considerations for enclosures include:

¢ Conformance to electrical standards

e Protection from the elements in an industrial environment
* Common ground reference

* Maintenance of specified ambient temperature

* Access to equipment

* Security or restricted access

¢ Sufficient space for proper installation and maintenance of equipment
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Panel Layout & Clearances

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. Mount the PLCs horizontally as shown below to
provide proper ventilation. You cannot mount the
DLO5 units vertically, upside down, or on a flat
horizontal surface. If you place more than one unit
in a cabinet, there must be a minimum of 7.2 inches
(183mm) between the units.

2. Provide a minimum clearance of 2 inches (50mm)
between the unit and all sides of the cabinet. Note,
remember to allow for any operator panels or other
items mounted in the door.

3. There should also be at least 3 inches (78mm) of

clearance between the unit and any wiring ducts that run parallel to the terminals.

4. The ground terminal on the DLO5 base must be connected 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.

NDTLf: There is a minimum clearance requirement
. of 2 inches (51cm) between the panel door (or
any devices mounted in the panel door) and the

nearest DLO5 component.
Panel Ground braid
copper lugs

AN

ol

\V \// ™S Panel or single

Power Source

Star Washers  Star Washers point ground
g/

5. 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 ground must be connected to the

panel ground termination. The panel ground termination

M ok

Temperature Probe

~d

—

Yy "
| Pan,

s 0 I(;'Io,,,w 5
S

: *E::::H

must be connected to earth ground. Minimum wire sizes, color

coding, and general safety practices should comply with appropriate electrical codes and

standards for your area.

6. A good common ground reference (Earth ground) is essential for proper operation of
the DLO5. One side of all control and power circuits and the ground lead on flexible
shielded cable must be properly connected to common ground reference. Methods
which provide a good common ground reference, include:

a) Installing a ground rod as close to the panel as possible

b) Connection to incoming power system ground.

2 _ 8 I DL05 Micro PLC User Manual, 6th Edition, Rev. E




Chapter 2: Installation, Wiring, and Speciﬁcations.

7. Evaluate any installations where the ambient temperature may approach
the lower or upper limits of the specifications. If you suspect the ambient
temperature will not be within the operating specification for the DL05
system, measures such as installing a cooling/heating source must be taken
to get the ambient temperature within the range of specifications.

8. The DLO5 systems are designed to be powered by 95-240 VAC or 12-24 VDC
normally available throughout an industrial environment. Electrical power in
some areas where the PLCs are installed is not always stable and storms can cause
power surges. Due to this, powerline filters are recommended for protecting
the DLO5 PLCs from power surges and EMI/RFI noise. The Automation
Powerline Filter, for use with 120VAC and 240VAC, 1-5 Amps (part number
APF120N05), is an excellent choice, however, you can use a filter of your
choice. These units install easily between the power source and the PLC.

& CAUTION: Always refer to the appropriate manual to determine the requisite mounting dimensions and how
to properly setup and use the specific modules in your system.

Using DIN Rail Mounting Rails

DL05 Micro PLCs can be secured to a panel by using mounting rails. We recommend rails
that conform to DIN EN standard 50 022. They are approximately 35mm high, with a depth
of 7mm. If you mount the Micro PLC on a rail, do consider using end brackets on each side of
the PLC. The end bracket helps keep the PLC from sliding horizontally along the rail, reducing
the possibility of accidentally pulling the wiring loose. On the bottom of the PLC is a small
retaining clip. To secure the PLC to a DIN rail, place it onto the rail and gently push up on the
clip to lock it onto the rail. To remove the PLC, pull down on the retaining clip, lift up on the
PLC slightly, then pulling it away from the rail.

. R . Din Rail Slot
Din Rail Dimensions Use 35mm x 7mm rail
—T 7mm r— conforming to DIN EN 50022

\

Al

Retaining clip/

‘E NOTE: Refer to our catalog for a complete listing of DINnector connection Systems.
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Environmental Specifications

The following table lists the environmental specifications that generally apply to DLO05
Micro PLCs. The ranges that vary for the Handheld Programmer are noted at the bottom of
this chart. Certain output circuit types may have derating curves, depending on the ambient
temperature and the number of outputs ON. Please refer to the appropriate section in this
chapter pertaining to your particular DLO5 PLC.

Environmental Specifications
Specification Rating
Storage temperature —4° F 10 158° F (—20° C to 70° C)
Ambient operating temperature* 32° Fto 131° F (0° C to 55° 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
Agency approvals UL, CE, FCC class A

* Operating temperature for the Handheld Programmer and the DV-1000 is 32° to 122° F
(0° to 50° C) Storage temperature for the Handheld Programmer and the DV-1000 is —4°
to 158° F (=20° t070° C).

** Equipment will operate down to 5% relative humidity. However, static electricity problems
occur much more frequently at low humidity levels (below 30%). Make sure you take
adequate precautions when you touch the equipment. Consider using ground straps, anti-
static floor coverings, etc. if you use the equipment in low-humidity environments.

Agency Approvals

Some applications require agency approvals for particular components. The DL05 Micro PLC
agency approvals are listed below:

® UL (Underwriters’ Laboratories, Inc.)
e CUL (Canadian Underwriters’ Laboratories, Inc.)

* CE (European Economic Union)

Marine Use

American Bureau of Shipping (ABS) certification requires flame-retarding insulation as per
4-8-3/5.3.6(a). ABS will accept Navy low smoke cables, cable qualified to NEC “Plenum
rated” (fire resistant level 4), or other similar flammability resistant rated cables. Use cable
specifications for your system that meet a recognized flame retardant standard (i.e. UL, IEEE,
______ etc.), including evidence of cable test certification (i.e. tests certificate, UL file number, etc.).

‘E NOTE: Wiring needs to be “low smoke” per the above paragraph. Teflon coated wire is also recommended.
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Chapter 2: Installation, Wiring, and Speciﬁcations.

Wiring Guidelines

Connect the power input wiring for the DL0O5. Observe all precautions stated earlier in this
manual. Follow the guidelines in this chapter. When the wiring is complete, close the connector
covers. Do not apply power at this time.

110/220 VAC Power Input 12/24 VDC Power Input

95-240 V N\ 12-24 VDC ‘
30VA 50-60Hz 20 W max

%) ENES CIEIEI LI
GOILG| X0 | X2| C1| X5 | x. GO|LG,| X0 | X2 | C1]| X5 X7|

X0 - X7: Iny.

X0 -X7: In,

PEEEEREBG SRR
POPERBEDD. PHRPDEEDD
LGN 4G~
95 - 240 VAC

When the cover is open there is a risk of electrical shock if you accidentally touch the connection

WARNING: Once the power wiring is connected, secure the terminal block cover in the closed position.
& terminals or power wiring.

Fuse Protection for Input Power

There are no internal fuses for the input power circuits, so external circuit protection is needed
to ensure the safety of service personnel and the safe operation of the equipment itself. To meet
UL/CUL specifications, the input power must be fused. Depending on the type of input power

being used, follow these fuse protection recommendations:
208/240 VAC Operation

When operating the unit from 208/240 VAC, whether the voltage source is a step-down
transformer or from two phases, fuse both the line (L) and neutral (N) leads. The recommended
fuse size is 1A, such as AutomationDirect’s AGCI, fast-acting fuse.

110/125 VAC Operation

When operating the unit from 110/125 VAC, it is only necessary to fuse the line (L) lead; it is
not necessary to fuse the neutral (N) lead. The recommended fuse size is 1.0A.
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12/24 VDC Operation

When operating at these lower DC voltages, wire gauge size is just as important as proper
fusing techniques. Using large conductors minimizes the voltage drop in the conductor. Each
DLO5 input power terminal can accommodate one 16AWG wire or two 18AWG wires. A DC
failure can maintain an arc for much longer time and distance than AC failures. Typically, the
main bus is fused at a higher level than the branch device, which in this case is the DL05. The
recommended fuse size for the branch circuit to the DLO5 is 1A, such as AutomationDirect’s

AGCl1, fast-acting fuse.

FExternal Power Source

The power source must be capable of suppling voltage and current complying with individual

Micro PLC specifications, according to the following specifications:

Power Source Specifications
Item DL05 AC Powered Units DL05 DC Powered Units
Input Voltage Range 110/220 VAC (95-240 VAC) 12-24 VDC (10.8-26.4 VDC)
Maximum Inrush Current Eﬁj m: g%ﬁgg}@g ) 10A < 1ms
Maximum Power 30VA 20W
Voltage Withstand (dielectric) 1 minute @ 1500VAC between primary, secondary, field ground
Insulation Resistance > 10MQ at 500VDC

NOTE 1: The rating between all internal circuits is BASIC INSULATION ONLY.
‘E NOTE 2: It is possible to use an uninterruptible power supply (UPS); however, the output must be a
sinusoidal waveform for the PLC to perform properly.

Planning the Wiring Routes

The following guidelines provide general information on how to wire the I/O connections
to DL05 Micro PLCs. For specific information on wiring a particular PLC refer to the

corresponding specification sheet further in this chapter.

1.

Nk R

8.
9.

Each terminal connection of the DL05 PLC can accept one 16AWG wire
or two 18AWG size wires. Do not exceed this recommended capacity.

Always use a continuous length of wire. Do not splice wires to attain a needed length.
Use the shortest possible wire length.

Use wire trays for routing where possible.

Avoid running wires near high energy wiring.

Avoid running input wiring close to output wiring where possible.

To minimize voltage drops when wires must run a long distance,
consider using multiple wires for the return line.

Avoid running DC wiring in close proximity to AC wiring where possible.

Avoid creating sharp bends in the wires.

10.Install the recommended powerline filter to reduce power surges and EMI/RFI noise.
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Fuse Protection for Input and Output Circuits
Input and Output circuits on DL0O5 Micro PLCs do not have internal fuses. In order to protect
your Micro PLC, we suggest you add external fuses to your I/O wiring. A fast-blow fuse, with a
lower current rating than the I/O bank’s common current rating can be wired 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. Refer to the Micro PLC specification tables further in this chapter to
find the maximum current per output point or per output common. Adding the external fuse
does not guarantee the prevention of Micro PLC damage, but it will provide added protection.

[ O\
n = ~ External Fuses

(shown with DIN Rail, Fuse Blocks)

INPUT OUTPUT
X0 X1 X2 X3 X4 X5 X6 X7 YO Y1 Y2 Y3 Y4 Y5

PODOOOD OO0 |
et 05

——————— TX2

Koyo X2

95 - 240V
30VA 50 - 60 Hz

AC() [ACNJ CO | X1 | X3 | X4 | X6 | C2 [ Y1 | Y3 | Y5

X0 - X7: Input YO - Y5: Ouput

G@ LG, | X0 | X2 | C1 X6 | X7 | YO |Y2 | Y4 [ C3

(EEEEEEEE A
S| === = = = ==l W S
(Eﬂ@@@@@@@@ j}

I/0 Point Numbering
All DL05 Micro PLCs have a fixed I/O configuration. It follows the same octal numbering
system used on other DirectLogic family PLCs, starting at X0 and Y0. The letter X is always
used to indicate inputs and the letter Y is always used for outputs.

The I/O numbering always starts at zero and does not include the digits 8 or 9. The reference
addresses are typically assigned in groups of 8 or 16, depending on the number of points in
an 1/0O group. For the DLO5 the eight inputs use reference numbers X0 — X7. The six output
points use references YO — Y5.

If an optional input module is installed in the option slot, the reference numbers are X100 —
X107. A typical output module installed in the option slot will have references Y100 — Y107.
See the DL05/06 Options Modules User Manual (DO-OPTIONS-M) for addressing other

optional modules.
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System Wiring Strategies

The DLO05 Micro PLC 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 Isolation Boundaries

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 powerline filter will provide isolation between the power source and the
power supply. A transformer in the power supply provides magnetic isolation between the
primary and secondary sides. Opto-couplers provide optical isolation in Input and Output
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 field wiring faults. When wiring a PLC, it is extremely important to avoid
making external connections which connect to the logic side of the PLC circuits.

Primary Side Secondary,or Field Side
Logic side
PLC Input . )
- M Discrete inputs
Power Main Circuit
input "] Filter Power —= CPU —
Supply Output .
Circuit Discrete outputs
Isolation __, . . < Isolation
Boundary Programming Device or Boundary

Operator Interface

The next figure shows the internal layout of DLO5 PLCs, as viewed from the front panel.

To programming device
or operator interface

DLO5 )
PLC
p 2 Comm.
T CPU Ports
Main
Power
Supply
. Input Circuit . ~ Output Circuit
3
\

Power Fi 8 discrete Commons 6 discrete outputs Commons
ilter .
Input inputs
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Connecting Operator Interface Devices
Operator interfaces require data and power connections. Operator interfaces with a large CRT
usually require separate AC power. However, some small operator interface devices, such
as the DV-1000 Data Access Unit, may be powered directly from the DL0O5 Micro PLC.
Connect the DV-1000 to communication port 1 on the DL05 Micro PLC with a DV-1000CBL.
A single cable contains transmit/receive data wires and +5V power.

DV-1000

DLO05 Micro PLC
0\ - RJ12 RJ12
phone style phone style

fi——— ————{IE

Il

Operator interface panels require separate power and communications connections. Connect
the DLO5 with the proper cable and power supply for your application.

DLO5 Micro PLC

RJ12 15-pin D-shell
phone style

Connecting Programming Devices
DLO05 Micro PLCs are programmed using DirectSOFT programming software on a PC.
Limited programming can be accomplished with a handheld programmer. The DL05 can
be interfaced to the PC with either a serial cable shown below or a Ethernet cable (Ethernet
requires either an HO-ECOM or HO-ECOM100 module installed in the option slot).

DLO5 Micro PLC RJ12 9-pin Dshell __———|

phone style female I
S|
N

The D2-HPP Handheld Programmer comes with a communications cable. For a replacement
cable, order a DV-1000CBL.

DL05 Micro PLC RU12 RU12

phone style phone style
(cable comes with HPP)
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Sinking/Sourcing Concepts
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 = Path to supply ground (-)
Sourcing = 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 either sinking or sourcing can
conduct current in only one direction. This means it is possible to connect the external supply
and field device to the I/O point 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 PLC
supply, we just have to connect it so the input s lnput T i
b o ‘
provides a path to ground (-). So, we start at the (sinking ‘ ‘
PLC input terminal, follow through the input \ |
— ‘ Input |
T \ Sensing |
| \
\

|+

sensing circuit, exit at the common terminal, and
connect the supply (-) to the common terminal. L=
By adding the switch, between the supply (+) Common

and the input, we have completed the circuit. T 3
Current flows in the direction of the arrow when

the switch is closed.

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. DL05 Micro PLCs provide
all except the sourcing output I/O circuit types.

Sinking Input Sinking Output
PLC

\
\
Sensing}
\
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I/0 “Common” Terminal Concepts

In order for a PLC I/O circuit to operate,
current must enter at one terminal and exit at ~_ |Field
another. This means at least two terminals are Device
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.

If we had unlimited space and budget for I/O
terminals, then every 1/O point could have
two dedicated terminals just as the figure | Input Sensing
above shows. However, providing this level of _ Input1 |
flexibility is not practical or even necessary for —°° b
most applications. So, most Input or Output
point groups on PLCs share the return path
among two or more 1/O points. The figure to +—0
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. =T

[+

alll

Input 2 !

Input 3

Note: In the circuit above, the current in the L -
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 DLO5 input and output circuits are grouped
into banks that share a common return path. The best CoO X1 X3
indication of I/O The I/O common grouping bar,
labeled at the right, occurs in the section of wiring label

below it. It indicates X0, X1, X2, and X3 share the X0 X2

common terminal located to the left of X1.

The following complete label shows two banks of four
inputs and two banks of three outputs. One common is provided for each bank.

AC(L) |Ac(N| Co | X1 | X3 | X4 | X6 | C2 | Y1 [ Y3 | Y5

G@ LG | X0 | X2 | C1 X5 | X7 | YO | Y2 Y4 | C3

The following label is for DC output versions. One common is provided for all of the outputs
and the terminal on the bottom right accepts power for the output stage.

AC(L) |AC(N) Co X1 | X3 | X4 X6 | C2 | Y1 Y3 | Y5

G@ LGI} X0 | X2 | C1 X5 | X7 | YO | Y2 Y4 | +V
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2-18

Connecting DC I/O to Solid State Field Devices

In the previous section on Sourcing and Sinking concepts, we explained that DC I/O circuits
sometimes will only allow current to flow one way. This is also true for many of 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.

Solid State Input Sensors

The DLO05’s DC inputs are flexible in that they detect current flow in either direction, so they
can be wired 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 FA-24PS +24 VDC power supply or another supply (+12
VDC or +24VDC), as long as the input specifications are met.

Field Device PLC DC Input

i L output Input Lo |
| [ (sinking) (sourcing) ‘ |
} } Supply } }
| Ground T‘ | } + Common 1 |
L J— 57 — - J‘

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

Field Device

1

‘ = | PLC DC Input

‘ | Input T j‘
| ‘ (sinking) ‘ |
| Output (sourcing) | ‘
\ \ \
| Ground Common 1 |
L9 0 |
L~ 1 S — N

Solid State Output Loads

Sometimes an application requires connecting a PLC output point to a solid state input on
a device. This type of connection is usually made to carry a low-level signal, not to send DC
power to an actuator.

The DL05’s DC outputs are sinking-only. This means that each DC output provides a path
to ground when it is energized. Also, remember that all six outputs have the same electrical
common, even though there are two common terminal screws. Finally, recall that the DC
output circuit requires power (20-28 VDC) from an external power source.

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.

PLC DC Output Field Device
‘:DC Power4Q7T Power ‘h => T‘
‘ [ Output Input | \
} (sinking) T (sourcing) ‘ |
| } — |20-28 vDC | }
| Common = Ground ‘
— ¢ p— ‘
| |
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Chapter 2: Installation, Wiring, and Speciﬁcations.

In the next example we connect a PLC 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 Ry, from the
output to the DC output circuit power input.

PLC DC Output

P

| +DC pwr —O ower

\ \ ield Devi

| ‘ R pul_l-up Fﬂeygey(ff_‘

‘ ‘ (sourcing) | |

| (sinking) | Output input | Rinput |

} ‘ T (sinking) | ‘

| J | Supply | — ‘ }

Common = Ground

\ ! & \

| \ T \
I

NOTE 1: DO NOT attempt to drive a heavy load (>25mA) 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 Rpull—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 Rpull—up‘ Then calculate the power

Pyullup (in watts), in order to size Ry, properly.
) V input (turn—on)
| input = —
Rinput
V supply — 0.7 \ SUPP|Y2
R pulup = ——m@MMmmm — Rinput P pullbup = ———————
| input R pullup

The drawing below shows the actual wiring of the DLO5 Micro PLC to the supply and
pull-up resistor.

&

Common

= Output

Supply
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Relay Output Wiring Methods

The D0-05AR and the D0-05DR models feature relay outputs. Relays are best for the

following applications:

* Loads that require higher currents than the solid-state DLO5 outputs can deliver

* Cost-sensitive applications

* Some output channels need isolation from other outputs (such as when some loads require AC

while others require DC)
Some applications in which NOT to use relays:
* Loads that require currents under 10mA

* Loads which must be switched at high speed and duty cycle

Assuming relays are right for your application, we’re now ready to explore various ways to wire
relay outputs to the loads. Note that there are six normally-open SPST relays available. They
are organized with three relays per common. The figure below shows the relays and the internal

wiring of the PLC. Note that each group is isolated from the other group of outputs.

YO Common Y1 Y2 Y3 Y4 Common Y5

In the circuit below, all loads use the same AC power supply which powers the DL05 PLC. In

this example, all commons are connected together.

95 - 240V ‘xn-n: Inpu ‘ YO - Y5: Ouput
SOVA 50 - 60 Hz
mmmmL x1‘xa|x4‘xn|‘v1Lvs‘vs‘

@‘mﬂm‘xqm‘xs \nlvo‘vz]n‘m

B 5| @@@@@@=@
N

seEEEEEE
U R

J

1

Line
Fuseor Gm@
Circuit

creat () pale

Output Point Wiring

In the circuit on the following page, loads for YO-Y2 use the same AC power supply which
powers the DL05 PLC. Loads for Y3-Y5 use a separate DC supply. In this example, the

commons are separated according to which supply powers the associated load.
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mﬂmmLeo‘m‘n|x4‘xn|‘v1|f‘w‘
@‘mﬁxo‘mﬁ‘xu‘n“o‘vz—ln‘m

B S| S| | S S s i i <o

i ESEEEEE SIS T
B

@)

el

£

Fuse or O T g
Circuit Ground
Breaker é\leu(ral - [le [Ij DF [LF

Output Point Wiring

T

]

mlll

Relay Outputs — Transient Suppression for Inductive Loads in a Control System
The following pages are intended to give a quick overview of the negative effects of transient
voltages on a control system and provide some simple advice on how to effectively minimize
them. The need for transient suppression is often not apparent to the newcomers in the
automation world. Many mysterious errors that can afflict an installation can be traced back to
a lack of transient suppression.

What is a Transient Voltage and Why is it Bad?

Inductive loads (devices with a coil) generate transient voltages as they transition from being
energized to being de-energized. If not suppressed, the transient can be many times greater
than the voltage applied to the coil. These transient voltages can damage PLC outputs or other
electronic devices connected to the circuit, and cause unreliable operation of other electronics
in the general area. Transients must be managed with suppressors for long component life and
reliable operation of the control system.

This example shows a simple circuit with a small 24V/125mA/3W relay. As you can see, when
the switch is opened, thereby de-energizing the coil, the transient voltage generated across the
switch contacts peaks at 140V.

Example: Circuit with no Suppression

Oscilloscope \::gs

™A AN 140

ALY 100

—_ o

24VDC ) Relay Goll “ -

(24V/125mA/3W, 20 N~—

AutomationDirect part no. 0

750R-2C-24D) 20
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- Chapter 2: Installation, Wiring, and Specifications

In the same circuit, replacing the relay with a larger 24V/290mA/7W relay will generate a
transient voltage exceeding 800V (not shown). Transient voltages like this can cause many
problems, including:

* Relay contacts driving the coil may experience arcing, which can pit the contacts and
reduce the relay’s lifespan.

¢ Solid state (transistor) outputs driving the coil can be damaged if the transient voltage
exceeds the transistor’s ratings. In extreme cases, complete failure of the output can occur
the very first time a coil is de-energized.

* Input circuits, which might be connected to monitor the coil or the output driver, can also
be damaged by the transient voltage.

A very destructive side-effect of the arcing across relay contacts is the electromagnetic
interference (EMI) it can cause. This occurs because the arcing causes a current surge, which
releases RF energy. The entire length of wire between the relay contacts, the coil, and the power
source carries the current surge and becomes an antenna that radiates the RF energy. It will
readily couple into parallel wiring and may disrupt the PLC and other electronics in the area.
This EMI can make an otherwise stable control system behave unpredictably at times.

PLC’s Integrated Transient Suppressors

Although the PLC’s outputs typically have integrated suppressors to protect against transients,
they are not capable of handling them all. It is usually necessary to have some additional
transient suppression for an inductive load.

Here is another example using the same 24V/125mA/3 relay used earlier. This example
measures the PNP transistor output of a D0-06DD2 PLC, which incorporates an integrated
Zener diode for transient suppression. Instead of the 140V peak in the first example, the
transient voltage here is limited to about 40V by the Zener diode. While the PLC will probably
tolerate repeated transients in this range for some time, the 40V is still beyond the module’s
peak output voltage rating of 30V.

Example: Small Inductive Load with Only Integrated Suppression

Oscilloscope
A . Volts

* For this example, a 24V/125mA/3W 45
relay is used (AutomationDirect 40
part no. 750R-2C-24D) \
————————————— 35 \
. N
24 To LED i~
VDC _ 0 20
15
10
Ic °
ommon Optical
Isrﬁaior 0

The next example uses the same circuit as above, but with a larger 24V/290mA/7W relay,
thereby creating a larger inductive load. As you can see, the transient voltage generated is much
worse, peaking at over 50V. Driving an inductive load of this size without additional transient
suppression is very likely to permanently damage the PLC output.
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Example: Larger Inductive Load with Only Integrated Suppression

Oscilloscope

— » Volts
¢ GA 60

- Y N * For this example, a 24VDC/290mA/7W

— relay is used (AutomationDirect 50 P

part no. SC-E03G-24VDC) ﬁ
40 \
30

20

Optical
Isolator

Additional transient suppression should be used in both these examples. If you are unable
to measure the transients generated by the connected loads of your control system, using
additional transient suppression on all inductive loads would be the safest practice.

Types of Additional Transient Protection

DC Coils:

The most effective protection against transients from a DC coil is a flyback diode. A flyback
diode can reduce the transient to roughly 1V over the supply voltage, as shown in this example.

DC Flyback Circuit
Volts
Oscilloscope 30

> |-

20

24VDC =

i :

Sinking Sourcing
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Many AutomationDirect socketed relays and motor starters have add-on flyback diodes
that plug or screw into the base, such as the AD-ASMD-250 protection diode module and
784-4C-SKT-1 socket module shown below. If an add-on flyback diode is not available for
your inductive load, an easy way to add one is to use AutomationDirect’s DN-D10DR-A diode
terminal block, a 600VDC power diode mounted in a slim DIN rail housing.

Automation[’ired i
o-hsh0~2%0 ' S

; I i

i 100! : 2 ’

‘; K 5 r %- L4 '

T ¥e o ¥

AD-ASMD-250 784-4C-SKT-1 DN-D10DR-A
Protection Diode Module Relay Socket Diode Terminal Block

Two more common options for DC coils are Metal Oxide Varistors (MOV) or TVS diodes.
These devices should be connected across the driver (PLC output) for best protection as shown
below. The optimum voltage rating for the suppressor is the lowest rated voltage available that
will NOT conduct at the supply voltage, while allowing a safe margin.

AutomationDirect’s ZL-TSD8-24 transorb module is a good choice for 24VDC circuits. It is
a bank of 8 unidirectional 30 V TVS diodes. Since they are unidirectional, be sure to observe
the polarity during installation. MOVs or bi-directional TVS diodes would install at the same
location, but have no polarity concerns.

DC MOV or TVS Diode Circuit

24VDC =

>

ZL-TSD8-24 T
Transorb Module Sinking Sourcing
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AC Coils:

Two options for AC coils are MOVs or bi-directional TVS diodes. These devices are most
effective at protecting the driver from a transient voltage when connected across the driver
(PLC output) but are also commonly connected across the coil. The optimum voltage rating
for the suppressor is the lowest rated voltage available that will NOT conduct at the supply
voltage, while allowing a safe margin.

AutomationDirect’s ZL-TSD8-120 transorb module is a good choice for 120VAC circuits. It
is a bank of eight bi-directional 180V TVS diodes.

AC MOV or Bi-Directional Diode Circuit

VAC "\D

N
Pt

ZL-TSD8-120
Transorb Module

NOTE: Manufacturers of devices with coils frequently offer MOV or TVS diode suppressors as an add-on
option which mount conveniently across the coil. Before using them, carefully check the suppressor ratings.
Just because the suppressor is made specifically for that part does not mean it will reduce the transient
voltages to an acceptable level.

For example, a MOV or TVS diode rated for use on 24-48 VDC coils would need to have
a high enough voltage rating to NOT conduct at 48V. That suppressor might typically start
conducting at roughly 60VDC. If it were mounted across a 24V coil, transients of roughly
84V (if sinking output) or -60V (if sourcing output) could reach the PLC output. Many
semiconductor PLC outputs cannot tolerate such levels.
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Prolonging Relay Contact Life
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.
PLC Relay Output Inductive Field Device
r Output ‘ Input I

T |

R | ‘
! !
‘ !
! !
O !
L

?
LO————

C Supply
Common T +| | ‘ C Common
L] ‘

Adding external contact protection may extend relay life beyond the number of contact
cycles listed in the specification tables for relay modules. High current inductive loads such as
clutches, brakes, motors, direct-acting solenoid valves and motor starters will benefit the most
from external contact protection.

When using an RC network, locate it close to the relay module output connector. To find the
values for the RC 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 you are ready to calculate values for R and C, according to the formulas:

| 2

\Y, 50
RQ)= —— ,wherex=1+

C (uF) = :
10 10x 1 \%

C minimum = 0.001 uF, the voltage rating of C must be =V, non-polarized
R minimum = 0.5 Q, 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, first calculate the peak values:

lpeak = Irms X 1.414, = 0.5 x 1.414 = 0.707 Amperes

Vpeak = Vims X 1.414 =120 x 1.414 = 169.7 Volts
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Now, finding the values of R and C,:

|2 0.707 2 .
C (uF) = = = 0.05 WF, voltage rating 2 170 Volts
10 10
V 50
R(Q)= — ,wherex= 1+
10x1 * Vv
50 169.7
Xx=1+ =1.29 R(Q)=—129 =26Q,12W, £5%
169.7 10x0.707 ~

For inductive loads in DC circuits we recommend using a suppression diode as shown in the
diagram. 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.

WARNING: DO NOT use this circuit with an AC power supply.

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 1IN914, 1N941, etc. Be sure
the diode is in the circuit correctly before operation. If installed backwards, it will short-circuit
the supply when the relay energizes.

DO NOT use this circuit with an AC power supply.
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DC Input Wiring Methods

DLO05 Micro PLCs with DC inputs are particularly
flexible because they can be either sinking or PLC DC Input
sourcing. The dual diodes (shown to the right)
allow 10.8 —26.4 VDC. The target applications are
+12VDC and +24VDC. You can actually wire half
of the inputs as DC sinking and the other half as
DC sourcing. Inputs grouped by a common must Common
be all sinking or all sourcing,.

—O-———

In the first and simplest example below, all
commons are connected together and all inputs are sinking.

95 - 240V
30VA 50 - 60 Hz

X0 - X7: Input ‘ YO0 - Y5: Output

mm[mm]jo[m]n]m[xa]]wﬁlw]
]e@mﬂxo[xzrm]xs]n Yolvz—lulm

SRS E
|

}_

e EEEEEET
EEEEFEEEERE _—
S el

T s

+24VDC — o‘o‘o‘o‘o‘
In the next example, the first four inputs are sinking, and the last four are sourcing.

95 - 240V
30VA 50 - 60 Hz

e IR IR LI
[e@[mﬁxo[xzrm[xe [xTIvo[vz—Iu[cs

X0 - X7: Input | YO0 - Y5: Output

PEEEaaEEEEE s
(EEEEEET -
+24 VDC £ : W

‘o‘ ‘o‘oooo — +#12VDC
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DC Output Wiring Methods

DL05 DC output circuits are high-performance transistor switches with low on-resistance
and fast switching times. Please note the following characteristics which are unique to the DC
output type:

e There is only one electrical common for all six outputs. All six outputs belong to one bank.

* The output switches are current-sinking only. However, you can still use different DC
voltages from one load to another.

* The output circuit inside the PLC requires external power. The supply (-) must be
connected to a common terminal, and the supply (+) connects the right-most terminal on
the upper connector.

In the example below, all six outputs share a common supply.

Aca.)‘Ac(u)JLm‘m‘n"m‘xs\lu‘wua‘vs‘
‘e@‘mﬁ|xo‘xz|c1‘xs ‘X1IYO‘Y2|Y4‘+V

@

Output Point Wiring

In the next example below, the outputs have “split” supplies. The first three outputs are using
a +12 VDC supply, and the last three are using a +24VDC supply. However, you can split the
outputs among any number of supplies, as long as:

* All supply voltages are within the specified range
* All output points are wired as sinking

e All source (-) terminals are connected together

mm‘mm)Lm‘m‘n|x4‘m|‘w|n‘w‘
‘@‘m;“o‘xzm‘xs \x1—|vo‘vz|v4‘+v

Sese ez

=8 -
SR SRR
ul

+12VDC _é =

S PEPPP P T

Output Point Wiring

&

11

+24 VDC

+
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High Speed I/0 Wiring Methods

DLO5 versions with DC type input or output points contain a dedicated High-Speed 1/0
circuit (HSIO). The circuit configuration is programmable, and it processes select I/O points
independently from the CPU scan. Chapter 3 discusses the programming options for HSIO.
While the HSIO circuit has six modes, we show wiring diagrams for two of the most popular
modes in this chapter. The high-speed input interfaces to points X0-X2. Properly configured,
the DLO5 can count quadrature pulses at up to 5kHz.

95 - 40V ‘)ﬂ-)ﬂ: Input ‘ Y0 - Y8: Ouput
S0VA 50 - 60 He

wm‘mm|m‘m‘n|x&‘n|a‘w|n‘w‘
e[, [xo[x2[c1[xs [x7[Yo[v2]v4 cCs

@ @@@@@@@@@@f@

© 0 EEEnE

IS5

\

Signal Common \

Phase B

PhaseA [ L [ 1]

Encoder Input Wiring Encod
ncoder

DLO5 versions with DC type output points can use the High Speed I/O Pulse Output feature.
It can generate high-speed pulses up to 7kHz for specialized control such as stepper motor /
intelligent drive systems. Output YO and Y1 can generate pulse and direction signals, or it can
generate CCW and CW pulse signals respectively. See Appendix E on high-speed input and
pulse output options.

mu‘mmLm‘m‘n|x4‘xs|m‘w|w‘vs‘
‘@‘Lﬂ;“o‘xzﬁn‘xs \xﬂw‘vz—lvd‘w

B B BB B B D .

s s W S35

EEEEEEEsEE

Signal Common +24VDC

Amplifier

g
-

.H Pulse
- Direction
_/—Pulse Output Wiring

Power Input
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Wiring Diagrams and Specifications

The remainder of this chapter dedicates two pages to each of the eight versions of DL05 Micro
PLCs. Each section contains a basic wiring diagram, equivalent I/O circuits, and specification
tables. Please refer to the section which describes the particular DLO5 version used in your
application.

D0-05AR I/0O Wiring Diagl‘am
The D0-05AR Micro PLC features eight AC inputs and six relay contact outputs. The
following diagram shows a typical field wiring example. The AC external power connection
uses four terminals at the left as shown.

95-240 V ™~
30VA 50-60Hz

aclaciN)] co| x1[x3 [ xa [ xe] c2] 1] va] vs5]
lcolc. xo[ x2] c1] x5 [ x7[vo] v2] v4] c3

DOOODDODDODD
EEceeeeeeeR

X0 - X7: Input | YO - Y5: Output

Power
input wiring

s = [ [[]]]] i
Floumo s TQ b O

Input point wiring Output point wiring

Optical
Isolator

S

Input

| I To LED
90-120 oy
VAC |
Common
1 To LED
|
6-27 VDC
R 6.240VAC L — — — —
Equivalent Input Circuit Equivalent Qutput Circuit
The eight AC input channels use terminals in the  poins
middle of the connector. Inputs are organized into two N 2A
. 6 YO- Y5
banks of four. Each bank has a common terminal. The N
wiring example above shows all commons connected ]
together, but separate supplies and common circuits 7
may be used. The equivalent input circuit shows one 0 — T T T T 1
. 0 10 20 30 40 50 55 C
channel Ofa typlcal bank_ 3250 68 86 104 122 131°C

Ambient Temperature ( *C/*F)

Derating Chart for Relay Outputs
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The six relay output channels use terminals on the right side of the connector. Outputs are
organized into two banks of three normally-open relay contacts. Each bank has a common
terminal. The wiring example on the last page shows all commons connected together, but
separate supplies and common circuits may be used. The equivalent output circuit shows one
channel of a typical bank. The relay contacts can switch AC or DC voltages.

DO0-05AR General Specifications
External Power Requirements 95-240 VAC, 30VA maximum,

Communication PO&Jp’ gg?gd%aggri(gxed)' 8 data bits, 1 K-Sequence (Slave), DireefNET (Slave), Modbus (Slave)

Communication Port 2, 9600 baud (default), 8 data bits, 1 | K-Sequence (Slave), DirecfNET (Master/Slave), Modbus

stop bit, odd parity (Master/Slave) Non-sequence/print
Programming cable type D2-DSCBL
Operating Temperature 32 to 131 °F (0 to 55 °C)
Storage Temperature —4 10 158 °F (=20 to 70 °C)
Relative Humidity 5 to 95% (non-condensing)
Environmental air No corrosive gases permitted
Vibration MIL STD 810C 514.2
Shock MIL STD 810C 516.2
Noise Immunity NEMA 1CS3-304
Terminal Type Removable
Wire Gauge One 16AWG or two 18AWG, 24AWG minimum

AC Input Specifications X0-X7

Input Voltage Range (Min. — Max.) 80-132 VAC, 47-63 Hz
Operating Voltage Range 90-120 VAC, 47-63 Hz
Input Current 8mA @ 100VAC at 50Hz, 10mA @ 100VAC at 60Hz
Max. Input Current 12mA @ 132VAC at 50Hz, 15mA @ 132VAC at 60Hz
Input Impedance 14kQ @ 50Hz, 12kQ @ 60Hz
ON Current/Voltage >6mA @ 75VAC
OFF Current/Voltage <2mA @ 20VAC
OFF to ON Response < 40ms
ON to OFF Response < 40ms
Status Indicators Logic Side
Commons 4 channels/common x 2 banks

Relay Output Specifications Y0-Y5

Output Voltage Range (Min. — Max.) 5-264 VAC (47-63 Hz), 5-30 VDC
Operating Voltage Range 6-240 VAC (47-63 Hz), 6-27 VDC
Output Current 2A/point, 6A/ common
Max. leakage current 0.1 mA @ 264VAC
Smallest Recommended Load 5mA @ 5VDC
OFF to ON Response <15ms
ON to OFF Response <10ms
Status Indicators Logic Side
Commons 3 channels/common x 2 banks
Fuses None (external recommended)
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D0-05DR I/0 Wiring Diagram
These micro PLCs feature eight DC inputs and six relay contact outputs. The following
diagram shows a typical field wiring example. The AC external power connection uses four
terminals at the left as shown.

95-240 V v
30VA 50-60Hz

Acfacn[co[ x1x3 ] xa[ xe[c2[ v1] va] v5]
[cale, ] xo] x2[ c1] x5 [ x7]vo] v2] v4]c3

EOPEBDDBBDD
o e dedEdE deak dEdra

| o

X0 - X7: Input ‘ YO - Y5: Output

Power

input wiring fuse
95-240
VAC

£+ L 6-240 VAC
= 119181 2121218 WYL or
12-24 6-27 VDC
VDC | Source Slnk
Input point wiring Output point wiring

r o~ v
— Optical I()p[nca\
I solator
Input Isolator |npu(
12-24 z 12- 24 ’ 3
VDC ‘ 3 To LED VDC >
ource sink  Common I Source Sink Commun

To LED

Equivalent Clrcult, High-speed Inputs (X0-X2) Equivalent Circuit, Standard Inputs (X3-X7)
The eight DC input channels use terminals in the
middle of the connector. Inputs are organized into | Iternal modile circuiry
two banks of four. Each bank has an isolated common o . v
terminal, and may be wired as either sinking or Output

\

sourcing inputs. The wiring example above shows all
commons connected together, but separate supplies |

N . . Common
and common circuits may be used. The equivalent oim

6-27 VDC ‘

circuit for standard inputs and the high-speed input CIAONAC e
circuit are shown above. Equivalent Output Circuit
The six output channels use terminals on the right side 6 2A  1vo_vs
of the connector. Outputs are organized into two banks s

of three normally-open relay contacts. Each bank has a )7

common terminal. The wiring example above shows -

all commons connected together, but separate supplies R I R A A A A

and common circuits may be used. The equivalent b Temperatire (<) e
output circuit shows one channel of a typical bank. The Derating Chart for Relay Outputs

relay contacts can switch AC or DC voltages.
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DO0-05DR General Specifications

External Power Requirements

95-240 VAC, 30VA maximum,

Communication Port 1, 9600 baud (Fixed), 8 data bits, 1
stop bit, odd parity

K-Sequence (Slave), DireefNET (Slave), Modbus (Slave)

Communication Port 2, 9600 baud (default), 8 data bits, 1
stop bit, odd parity

K-Sequence (Slave), DirectNET (Master/Slave), Modbus
(Master/Slave) Non-sequence / print

Programming cable type

D2-DSCBL

Operating Temperature

3210 131 °F (0 to 55 °C)

Storage Temperature

-4 10 158° F (20 t0 70 °C)

Relative Humidity

5

to 95% (non-condensing)

Environmental air

No corrosive gases permitted

Vibration MIL STD 810C 514.2
Shock MIL STD 810C 516.2
Noise Immunity NEMA 1CS3-304
Terminal Type Removable
Wire Gauge One 16AWG or two 18AWG, 24AWG minimum
DC Input Specifications
Parameter High-Speed Inputs, X0-X2 Standard DC Inputs X3-X7
Min.—Max. Voltage Range 10.8-26.4 VDC 10.8-26.4 VDC
Operating Voltage Range 12-24 /DG 12-24 /DG
Peak Voltage 30VDC (5 kHz maximum frequency) 30VDC
Minimum Pulse Width 100us N/A
ON Voltage Level >10VDC >10VDC
OFF Voltage Level <2.0VDC <2.0VDC

Input Impedance

1.8 kQ @ 12-24 VDC

28kQ @12-24 VDC

Max. Input Current

6mA @ 12VDC, 13mA @24VDC

4mA @ 12VDC, 8.5 mA @ 24VDC

Minimum ON Current >5mA >4mA
Maximum OFF Current <05 mA <0.5mA
OFF to ON Response <100us 2-8 ms, 4ms typical
ON to OFF Response < 100us 2-8 ms, 4ms typical
Status Indicators Logic side Logic side
Commons 4 channels/common x 2 bank

Relay Output Specifications

Output Voltage Range (Min.—Max.)

5-264 VAC (47-63 Hz), 5-30 VDC

Operating Voltage

6-240 VAC (47-63 Hz), 6-27 VDC

Output Current

2A / point, 6A/ common

Maximum Voltage

264VAC, 30VDC

Max leakage current

0.1 mA @ 264VAC

Smallest Recommended Load 5mA
OFF to ON Response <15ms
ON to OFF Response <10ms
Status Indicators Logic Side
Commons 3 channels/common x 2 banks
Fuses None (external recommended)
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Chapter 2: Installation, Wiring, and Speciﬁcations.

D0-05AD I/O Wiring Diagram
The D0-05AD Micro PLC features eight AC inputs and six DC outputs. The following
diagram shows a typical field wiring example. The AC external power connection uses four
terminals at the left as shown.

95-240 V v
30VA 50-60Hz

acacn)] co| x1[x3 [ xa [ xe] ca] v1[v3] vs]
[colc,] xo| x2] c1] xs [ x7]vo] v2| v4]+v

PO DPEIDIDD
FHeeseeesee J

| |
95-240 \—Ali O
vac () VVVVV\—\_T 20-28
— vDC

00120 O O ) s
M? i M

Input point wiring Output point wiring

X0 - X7: Input | YO - Y5: Output

1S

— Optical

Isolator

Equivalent Input Circuit Equivalent Qutput Circuit

OUTPUT

Optical
isclator

To LED

Common

The eight AC input channels use terminals in the middle of
the connector. Inputs are organized into two banks of four. ]
Each bank has an isolated common terminal. The wiring 7 YOV
example above shows all commons connected together, but
separate supplies and common circuits may be used. The

equivalent input circuit shows one channel of a typical bank. Ot

0 10 20 30 40 50 55°C

5.
3250 68 86 104 122 131°C

The six current sinking DC output channels use terminals Ambient Temperature (/1)

on the right side of the connector. All outputs actually Derating Chart for DC Outputs
share the same electrical common. Note the requirement

for external power on the end (right-most) terminal. The

equivalent output circuit shows one channel of the bank of

Six.
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- Chapter 2: Installation, Wiring, and Specifications

DO0-05AD General Specifications
External Power Requirements 95-240 VAC, 30VA maximum,
b, 1 stop b par K-Sequence (Slave), DirecET (Slave), Modbus (Slave)
Communication Port 2, 9600 baud (default), K-Sequence (Slave), DirectNET (Master/Slave),
8 data bits, 1 stop bit, odd parity Modbus (Master/Slave) Non-sequence/print
Programming cable type D2-DSCBL
Operating Temperature 32 t0 131 °F (0 to 55 °C)
Storage Temperature —4 to 158° F (-20 to 70 °C)
Relative Humidity 510 95% (non-condensing)
Environmental air No corrosive gases permitted
Vibration MIL STD 810C 514.2
Shock MIL STD 810C 516.2
Noise Immunity NEMA 1CS3-304
Terminal Type Removable
Wire Gauge One 16AWG or two 18AWG, 24AWG minimum
AC Input Specifications
Input Voltage Range (Min.— Max.) 80-132 VAC, 47-63 Hz
Operating Voltage Range 90-120 VAC, 47-63 Hz
Input Current 8mA @ 100VAC (50Hz), 10mA @ 100VAC (60Hz)
Max. Input Current 12mA @ 132VAC (50Hz), 15mA @ 132VAC (60Hz)
Input Impedance 14kQ @ 50Hz, 12kQ @ 60Hz
ON Current/Voltage >6mA @ 75VAC
OFF Current/Voltage <2mA @ 20VAC
OFF to ON Response < 40ms
ON to OFF Response < 40ms
Status Indicators Logic Side
Commons 4 channels/common x 2 banks
DC Output Specifications
Parameter Pulse Outputs, YO - Y1 Standard Outputs, Y2 - Y5
Min. - Max. Voltage Range 5-30 VDC 5-30 VDC
Operating Voltage 6-27 VDC 6-27 VDC
Peak Voltage < 50VDC (7kHz max. frequency) <50VDC
On Voltage Drop 0.3VDC@ 1A 0.3VDC @ 1A
Max Current (resistive) 0.5 A/pt. (1A/point for standard pt.) 1.0 A/point
Max leakage current 15uA @ 30VDC 15pA @ 30VDC
Max inrush current 2A for 100ms 2A for 100ms
External DC power required 20-28 VDC max. 150mA 20-28 VDC max. 150mA
OFF to ON Response <10ps <10us
ON to OFF Response <30pus < 60us
Status Indicators Logic Side Logic Side
Commons 6 channels/common x 1 bank
Fuses None \ None
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Chapter 2: Installation, Wiring, and Speciﬁcations.

D0-05DD 1/O Wiring Diagram

These micro PLCs feature eight DC inputs and six DC outputs. The following diagram shows

a typical field wiring example. The AC external power connection uses four terminals at the
left as shown.

95-240 V ™~
30VA 50-60Hz

Ac]ac)[ co [ x1[x3 x4 [xe] c2] v1] va] vs]
[cofc ] xo] x2[c1]xs [ x7[vo[v2] v4]+v

( DB DRODD 1
S @;@@@@@jﬁj |
95-240 - L +2028 | O
h 15D2C4Jioume Ts.nk lTTLH T\I\T\T\ O < _ &2 -

X0 - X7: Input ‘ YO - Y5: Output

),—

Input point wiring Output point wiring
r -
R 5o Optical +V %
Isolator .

InPU‘ Optical

Ve 7 3 Input Isolator
VDC ‘ o + p To LED

Sourcc sink  Common

- I \/DC ‘
= ourLe Sink Common

Equivalent Circuit, High Speed Input (X0-X2) Equivalent Clrcult Standard Input (X3-X7)
BT —— L imemaimodte ey 4y Points
I Lo 1 . 1A
foe | o] = W 1 o 7 Yo=Y
OUTPUT soor OUTPUT

4

%/

2 4

To LED ]
0 T T T 1
0 10 20 30 40 50 55°C
32 50 68 86 104 122 131°C
) i e Ambient Temperature ( *C/°F)
Equivalent Circuit, Standard Equivalent Circuit, DC Pulse Derating Chart for DC Outputs
Output (Y2-Y5) Output (Y0-Y1)

The eight DC input channels use terminals in the middle of the connector. Inputs are organized
into two banks of four. Each bank has an isolated common terminal, and may be wired as either
sinking or sourcing inputs. The wiring example above shows all commons connected together,

but separate supplies and common circuits may be used. The equivalent circuits for standard
inputs and the high-speed inputs are shown above.

The six current sinking DC output channels use terminals on the right side of the connector.
All outputs actually share the same electrical common. Note the requirement for external power

on the end (right-most) terminal. The equivalent output circuit shows one channel of the bank
of six.
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- Chapter 2: Installation, Wiring, and Specifications

D0-05DD General Specifications
External Power Requirements 95-240 VAC, 30VA maximum,
Communication Port 1, 9600 baud (Fixed), K-Sequence (Slave), DirecfNET (Slave),
8 data bits, 1 stop bit, odd parity odbus (Slave)
Communication Port 2, 9600 baud (default), K-Sequence (Slave), DirecfNET (Master/Slave),
8 data bits, 1 stop bit, odd parity Modbus (Master/Slave) Non-sequence/print
Programming cable type D2-DSCBL
Operating Temperature 3210131 °F (0 to 55 °C)
Storage Temperature —4 t0 158 °F (20 to 70 °C)
Relative Humidity 5 to 95% (non-condensing)
Environmental air No corrosive gases permitted
Vibration MIL STD 810C 514.2
Shock MIL STD 810C 516.2
Noise Immunity NEMA ICS3-304
Terminal Type Removable
Wire Gauge One16AWG or two 18AWG, 24AWG minimum
DC Input Specifications
Parameter High-Speed Inputs, X0 - X2 Standard DC Inputs X3 — X7
Min. - Max. Voltage Range 10.8-26.4 VDC 10.8-26.4 VDC
Operating Voltage Range 12-24 VDC 12-24 V\DC
Peak Voltage 30VDC (5kHz maximum frequency) 30VDC
Minimum Pulse Width 100ps N/A
ON Voltage Level >9.0VDC >9.0VDC
OFF Voltage Level <2.0VDC <2.0VDC
Max. Input Current 6mA @ 12VDC, 13mA @24VDC 4mA @ 12VDC, 8.5 mA @ 24VDC
Input Impedance 1.8 KQ @ 12-24 VDC 2.8 kQ @ 12-24 VDG
Minimum ON Current >5mA >4 mA
Maximum OFF Current <05 mA <0.5mA
OFF to ON Response <100ps 2-8 ms 4ms typical
ON to OFF Response < 100ps 2-8 ms 4ms typical
Status Indicators Logic side Logic side
Commons 4 channels/common x 2 banks
DC Output Specifications
Parameter Pulse Outputs Y0-Y1 Standard Outputs Y3-Y5
Min. - Max. Voltage Range 5-30 VDC 5-30 VDC
Operating Voltage 6-27 VDC 6-27 VDC
Peak Voltage < 50VDC (7kHz max. frequency) <50VDC
On Voltage Drop 0.3VDC @ 1A 0.3VDC @ 1A
Max Current (resistive) 0.5 A/pt., 1A/pt. as standard pt. 1.0 A/point
Max leakage current 15A @ 30VDC 15A @ 30VDC
Max inrush current 2A for 100ms 2A for 100ms
External DC power required 20-28 VDC Max 150mA 20-28 VDC Max 150mA
OFF to ON Response <10us < 10us
ON to OFF Response < 30us < 60us
Status Indicators Logic Side Logic Side
Commons 6 channels/common x 1 bank
Fuses None (external recommended)
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Chapter 2: Installation, Wiring, and Speciﬁcations.

D0-05AA 1/0 Wiring Diagram

The D0-05AA Micro PLC features eight AC inputs and six AC outputs. The following
diagram shows a typical field wiring example. The AC external power connection uses four

terminals at the left as shown.

95-240 V v
30VA 50-60Hz

acac)] co| x1[x3 [ xa [ xe] c2] v1[ v3] vs]
lcolc,] xo| x2] c1] xs [ x7]vo] v2| v4]c3

X0 - X7: Input

| Y0 - Y5: Output

SOPDPDPODDDDD

Power % % @ @ J
input wiring | |
95-240 O
VAC
= 90-120 0|0|0|0] 0|00 17-240
9T T P
Input point wiring Output point wiring
[ +V +V I intemal module circutyy
. | +V
— Optical outpPUT Optical
Isolator ¢ Isolator
Input | | 5 w1
| To LED
90-120 R
VAC | 77777
Common

Equivalent Input Circuit

The eight AC input channels use terminals in the middle
of the connector. Inputs are organized into two banks of
four. Each bank has an isolated common terminal. The
wiring example above shows all commons connected
together, but separate supplies and common circuits may
be used. The equivalent input circuit shows one channel

of a typical bank.

The six output channels use terminals on the right side of
the connector. Outputs are organized into two banks of
three triac switches. Each bank has a common terminal.
The wiring example above shows all commons connected
together, but separate supplies and common circuits may
be used. The equivalent output circuit shows one channel

of a typical bank.

DL05 Micro PLC User Manual,

Equivalent Output Circuit

Points

0.5A

YO - Y5

T T T
1020 30
50 68 86

Ambient Temperature ( *C/°F)

Derating Chart for AC Outputs

T
40
104

T
50 55°C
122 131°C
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- Chapter 2: Installation, Wiring, and Specifications

External Power Requirements

95-240 VAG, 30VA maximum,

Communication Port 1, 9600 baud (Fixed),
8 data bits, 1 stop bit odd parity

K-Sequence (Slave), DireefNET (Slave), Modbus (Slave)

Communication Port 2, 9600 baud (default)
8 data hits, 1 stop bit odd parity

K-Sequence (Slave), DirecfNET (Master/Slave), Modbus
(Master/Slave) Non-sequence/print

Programming cable type

D2-DSCBL

Operating Temperature

32 t0 131 °F (0 to 55 °C)

Storage Temperature —4 t0 158 °F (20 to 70 °C)
Relative Humidity 5 to 95% (non-condensing)
Environmental air No corrosive gases permitted
Vibration MIL STD 810C 514.2
Shock MIL STD 810C 516.2
Noise Immunity NEMA 1CS3-304
Terminal Type Removable
Wire Gauge One 16AWG or two 18AWG, 24AWG minimum

Input Voltage Range (Min. - Max.)

80-132 VAC, 47-63 Hz

Operating Voltage Range 90-120 VAC, 47-63 Hz

Input Impedance 14kQ @ 50Hz, 12kQ @ 60Hz

ON Current/Voltage >6mA @ 75VAC

OFF Current/Voltage <2mA @ 20VAC

OFF to ON Response < 40ms

ON to OFF Response <40ms
Status Indicators Logic Side

Commons 4 channels/common x 2 banks

Output Voltage Range (Min. - Max.)

15-264 VAC, 47-63 Hz

Operating Voltage 17-240 VAC, 47 - 63 Hz
On Voltage Drop 1.5 VAC (>50mA) 4.0 VAC (<50mA)
Max Current 0.5 A/point, 1.5 A/tcommon

Max leakage current <4mA @ 264VAC
Max inrush current 10A for 10ms
Minimum Load 10mA
OFF to ON Response 1ms
ON to OFF Response 1ms +1/2 cycle
Status Indicators Logic Side
Commons 3 channels/common x 2 banks
Fuses None (external recommended)
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Chapter 2: Installation, Wiring, and Speciﬁcations.

D0-05DA I/O Wiring Diagram
The D0-05DA Micro PLC features eight DC inputs and six AC outputs. The following
diagram shows a typical field wiring example. The AC external power connection uses four
terminals at the left as shown.

95-240 V v
30VA 50-60Hz

Acfacn[co[ x1x3 ] xa[ xe[c2[ v1] va] v5]

[cale,] xo] x2[ c1] x5 [ x7]vo] v2] v4] cs
DOODODODDODDD
inpt?:lv?rring @@@@@@@@@@ @

_ J
93-:3" L@

.

X0 - X7: Input ‘ YO - Y5: Output

+ -
el | “T\"T\“I\"T\ "T\T\"T\T\ [3[n[n]o] 17240
VDC EEULCE . Sink

Input point wiring Output point wiring
T~ [ T TN T
o — Optical . I
Input Isolator o P~ IOp]tlcaI
_ + p‘u Input solator
12-24 To LED
To LED _ 1224 | L

VvDC T — ‘
Ewce sink  Common I 2 ~ Vo |
o ‘ = = Source | Sink Common

Equivalent Circuit, High Speed Input (X0-X2) Equivalent Circuit, Standard Input (X3-X7)

D ntemal modue circuity The eight DC input channels use terminals in the
ouTPUT optical middle of the connector. Inputs are organized into
e _ two banks of four. Each bank has an isolated common
terminal, and may be wired as sinking or sourcing
= ] inputs. The wiring example above shows all commons
connected together, but separate supplies and common
iiiiiiiiiiiiiiiiii oo circuits may be used. The equivalent circuit for
Equivalent Circuit, Output standard inputs and the high-speed input circuit are
shown above.

Points

. The six output channels use terminals on the right
6 05A tvo-vs i od

7 - side of the connector. Outputs are organized into two
4+ - banks of three triac switches. Each bank has a common
5 terminal. The wiring example above shows all commons

= connected together, but separate supplies and common
0 . . . . .

o b b b s s circuits may be used. The equivalent output circuit

32 50 68 86 104 122 131°C

Ambient Temperature (-C ) shows one channel of a typical bank.

Derating Chart for AC Outputs
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- Chapter 2: Installation, Wiring, and Specifications

D0-05DA General Specifications

External Power Requirements

95~

240 VAC, 30VA maximum,

Communication Port 1, 9600 baud (Fi
stop bit, odd parity

xed), 8 data bits, 1

K-Sequence '\h

Slave), Direc]NET (Slave),
od us (Slave)

Communication Port 2, 9600 baud (de
stop bit, odd parity

fault), 8 data bits, 1

K-Sequence (Slave), DirectNET (Master/Slave),
Modbus (Master/Slave) Non-sequence/print

Programming cable type

D2-DSCBL

Operating Temperatu

e

3210 131 °F (0 to0 55 °C)

Storage Temperature -4 10 158 °F (20 to 70 °C)
Relative Humidity 510 95% (non-condensing)
Environmental air No corrosive gases permitted
Vibration MIL STD 810C 514.2
Shock MIL STD 810C 516.2
Noise Immunity NEMA I1CS3-304
Terminal Type Removable
Wire Gauge One 16AWG or two 18AWG, 24AWG minimum
DC Input Specifications
Parameter High—Speed Inputs, X0-X2 Standard DC Inputs X3-X7
Input Voltage Range 10.8-26.4 VDC 10.8-26.4 VDC
Operating Voltage Range 12-24 VDC 12-24 VDC
Maximum Voltage 30VDC (5kHz maximum frequency) 30VDC
Minimum Pulse Width 100us N/A
ON Voltage Level >10VDC >10VDC
OFF Voltage Level <2.0VDC <2.0VDC
Input Impedance 1.8 kQ @ 12-24 \DC 2.8 kQ @ 12-24 VDG
Minimum ON Current >5mA >4 mA
Maximum OFF Current <0.5mA <0.5mA
OFF to ON Response <100ps 2-8 ms, 4ms typical
ON to OFF Response < 100us 2-8 ms, 4ms typical
Status Indicators Logic side Logic side
Commons 4 channels / common x 2 banks
AC Output Specifications
Output Voltage Range (Min. — Max.) 15-264 VAC, 47-63 Hz
Operating Voltage 17-240 VAC, 47-63 Hz
On Voltage Drop 1.5 VAC @> 50mA, 4 VAC @< 50mA
Max Current 0.5 A/point, 1.5 A/common
Max leakage current < 4mA @ 264VAC, 60Hz
Max inrush current 10A for 10ms
Minimum Load 10mA
OFF to ON Response 1ms
ON to OFF Response 1ms +1/2 cycle
Status Indicators Logic Side

Commons

3 channels / common x 2 banks

Fuses

None (external recommended)
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Chapter 2: Installation, Wiring, and Speciﬁcations.

D0-05DR-D I/0 Wiring Diagram
These micro PLCs feature eight DC inputs and six relay contact outputs. The following
diagram shows a typical field wiring example. The DC external power connection uses three
terminals at the left as shown.

------ |X0 - X7: Input | YO - Y5: Output

20W max.

+ | —Jco|x1[xa]xa[xe[cz] 1] vs] v5]

lsole ] xo[ x2[ c1] x5 | x7| yo] v2| v4[ c3

DD OEDDDD
Hecssossep

_Power @ J
input wiring | [

12:24_[*

e I O

13 E4_VDC
S W e
Fowe e~ TUTLITDT LT T e
Input point wiring Output point wiring
r— —~_ VAR

Optical
Isolator

Optical
Inpu( Isolator
To LED To LED
o
ource sink  Common I
T L L Source | Sink Common

Equivalent Cm:ult, High-speed Input (X0-X2) Equivalent Clrcun, Standard Input (X3-X7)

| nemal module circitry The eight DC input channels use terminals in the middle
of the connector. Inputs are organized into two banks of
four. Each bank has an isolated common terminal, and may
be wired as either sinking or sourcing inputs. The wiring
example above shows all commons connected together, but
separate supplies and common circuits may be used. The
egvoc L equivalent circuit for standard inputs and the high-speed
input circuit are shown above.

Equivalent Circuit, Standard Output
The six output channels use terminals on the right side of the

Points

_ connector. Outputs are organized into two banks of three
6 ZA_lvo-vs

N normally-open relay contacts. Each bank has a common
7 terminal. The wiring example above shows all commons
2 connected together, but separate supplies and common
P — circuits may be used. The equivalent output circuit shows

O S S A 4 one channel of a typical bank. The relay contacts can switch

Ambient Temperature (“C/°F) AC or DC Voltages

Derating Chart for Relay Outputs
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- Chapter 2: Installation, Wiring, and Specifications

DO0-05DR-D General Specifications

External Power Requirements

12-24 \/DC, 20W maximum,

Communication Port 1, 9600 baud (Fixed),
8 data bits, 1 stop bit, odd parity

K-Sequence (Slave), DireefNET (Slave), Modbus (Slave)

Communication Port 2, 9600 baud (default),
8 data bits, 1 stop bit, odd parity

K-Sequence (Slave), DirecMNET (Master/Slave),
Modbus (Master/Slave) Non-sequence/print

Programming cable type

D2-DSCBL

Operating Temperature

3210 131 °F (0 to 55 °C)

Storage Temperature

—4 10 158 °F (=20 to 70 °C)

Relative Humidity

5 to 95% (non-condensing)

Environmental air

No corrosive gases permitted

Vibration

MIL STD 810C 514.2

Shock

MIL STD 810C 516.2

Noise Immunity

NEMA 1CS3-304

Terminal Type

Removable

Wire Gauge One 16AWG or two 18AWG, 24AWG minimum
DC Input Specifications
Parameter High-Speed Inputs, X0 — X2 Standard DC Inputs X3 - X7
Min. - Max. Voltage Range 10.8-26.4 VDG 10.8-26.4 VDC
Operating Voltage Range 12-24 /DG 12-24 DG
Peak Voltage 30VDC (5kHz maximum frequency) 30VDC
Minimum Pulse Width 100us N/A
ON Voltage Level >10VDC >10VDC
OFF Voltage Level <2.0VDC <2.0VDC

Input Impedance

1.8 kQ @ 12-24 VDC

2.8 kQ @ 12-24 VDC

Max. Input Current

6mA @12VDC ,13mA @24VDC

4mA @ 12VDC, 8.5 mA @ 24VDC

Minimum ON Current >5mA >4mA
Maximum OFF Current <05mA <0.5mA
OFF to ON Response <100us 2 -8 ms, 4ms typical
ON to OFF Response <100us 2 —8 ms, 4ms typical
Status Indicators Logic side Logic side
Commons 4 channels / common x 2 banks

Relay Output Specifications

Output Voltage Range (Min. - Max.)

5-264 VAC (47-63 Hz), 5-30 VDC

Operating Voltage

6-240 VAC (47-63 Hz), 6-27 VDC

Output Current

2A/point 6A/common

Maximum Voltage

264 VAC, 30VDC

Max leakage current

0.1 mA @ 264VAC

Smallest Recommended Load 5mA
OFF to ON Response <15ms
ON to OFF Response <10ms
Status Indicators Logic Side
Commons 3 channels/common x 2 banks
Fuses None (external recommended)
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Chapter 2: Installation, Wiring, and Speciﬁcations.

D0-05DD-D 1I/0 Wiring Diagram

These micro PLCs feature eight DC inputs and six DC outputs. The following diagram shows

a typical field wiring example. The DC external power connection uses four terminals at the
left as shown.

12-24V === | X0 - X7: Input | YO - Y5: Output
20W max.

+ | —Jco|x1[xs]xa] xe[c2] v1] 3] vs]

lcolte ] xo[ x2| c1| x5 [ x7[vo[v2] va]+v
SR A A S A A A s s
- g7k dakakakakaaia

Power

Y
1224 [+ I I |—A|j rl_{‘g/
VvDC TJ— ,f L A '
= J:f J_; it i i s e i e T T - vDC
B2 oo [om 1T TTTT oar

Input point wiring Output point wiring
T~ I BV

- 5o Optical I
| Isolator — Optical
nput T Isolator
12-24 1~ * ! ) Input =
To LED o
vDC % - © - £ 12-24 |
Source | Sink Common T — VDC |
= = Source | Sink Common

|
L |

Equivalent Circuit, High Speed Input (X0-X2) Equivalent Circuit, Standard Input (X3-X7)
The eight DC input channels use g@mmmﬁ il oy

terminals in the middle of the [+, [
connector. Inputs are organized - i
into two banks of four. Each

bank has an isolated common
terminal, and may be wired as
either sinking or sourcing inputs.

To LED VDC | Optical

Isolator

OUTPUT

-

The wiring example above shows Equivalent Circuit, Equivalent Circuit, Pulse
all commons connected together,  Standard Output (Y2-Y5) Output (Y0-Y1)

Points but separate supplies and common circuits may be used. The
6] 1A |y vys §quiva1§nt circuit for standard inputs and the high-speed
e input circuit are shown above.

2 The six current sinking DC output channels use terminals on
A S S the right side of the connector. All outputs actually share the
o 0200 a0 50 e same electrical common. Note the requirement for external
Ambient Temperature (*C/'F power on the end (right-most) terminal. The equivalent
Derating Chart for DG Outputs output circuit shows one channel of the bank of six.
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2-46

DO0-05DD-D General Specifications

External Power Requirements

12-24 VDG, 20W maximum,

Communication Port 1, 9600 baud (Fixed),
8 data bits, 1 stop bit, odd parity

K-Sequence (Slave), DirecNET (Slave),
Modbus RTU (Slave)

Communication Port 2, 9600 baud (default),
8 data bits, 1 stop bit, odd parity

K-Sequence (Slave), DirectNET (Master/Slave),
Modbus RTU (Master/Slave) Non-sequence/print

Programming cable type

D2-DSCBL

Operating Temperature

3210 131 °F (0 10 55 °C)

Storage Temperature

—4 10 158 °F (=20 to 70 °C)

Relative Humidity

5 t0 95% (non-condensing)

Environmental air

No corrosive gases permitted

Vibration

MIL STD 810C 514.2

Shock

MIL STD 810C 516.2

Noise Immunity

NEMA 1CS3-304

Terminal Type

Removable

Wire Gauge One 16AWG or two 18AWG, 24AWG minimum
DC Input Specifications
Parameter High-Speed Inputs, X0 - X2 Standard DC Inputs X3 — X7
Min. - Max. Voltage Range 10.8-26.4 VDC 10.8-26.4 VDC
Operating Voltage Range 12-24 VDG 12-24 \/DC
Peak Voltage 30VDC (5kHz maximum frequency) 30VDC
Minimum Pulse Width 100us N/A
ON Voltage Level >9.0VDC >9.0VDC
OFF Voltage Level <2.0VDC <2.0VDC

Max. Input Current

6mA @ 12VDC, 13mA @ 24VDC

4mA @ 12VDC, 8.5 mA @ 24VDC

Input Impedance

1.8 kQ @ 12-24 VDC

2.8 kQ @ 12-24 VDC

Minimum ON Current >5mA > 4mA
Maximum OFF Current <05 mA <0.5mA
OFF to ON Response <100us 2-8ms, 4ms typical
ON to OFF Response < 100ps 2-8ms, 4ms typical
Status Indicators Logic side Logic side
Commons 4 channels / common x 2 banks
DC Output Specifications
Parameter Pulse Outputs, YO - Y1 Standard Outputs, Y3 - Y5
Min. - Max. Voltage Range 5-30 VDC 5-30 VDC
Operating Voltage 6-27 VDC 6-27VDC
Peak Voltage < 50VDC (7kHz max. frequency) <50VDC
On Voltage Drop 0.3VDC @ 1A 0.3VDC @ 1A
Max Current (resistive) 0.5 A/pt., 1A/pt. as standard pt. 1.0 A/point
Max leakage current 15uA @ 30VDC 15pA @ 30VDC
Max inrush current 2A for 100ms 2A for 100ms
External DC power required 20-28 VDC Max 150mA 20-28 VDC Max 150mA
OFF to ON Response <10us < 10us
ON to OFF Response < 30us < 60us
Status Indicators Logic Side Logic Side
Commons 6 channels / common x 1 bank
Fuses None (external recommended)
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Glossary of Specification Terms

Discrete Input
One of eight input connections to the PLC which converts an electrical signal from a field
device to a binary status (off or on), which is read by the internal CPU each PLC scan.

Discrete Output

One of six output connections from the PLC which converts an internal ladder program result
(0 or 1) to turn On or Off an output switching device. This enables the program to turn on

and off large field loads.
I/0 Common

A connection in the input or output terminals which is shared by multiple I/O circuits. It
usually is in the return path to the power supply of the I/O circuit.

Input Voltage Range

The operating voltage range of the input circuit.

Maximum Voltage

Maximum voltage allowed for the input circuit.

ON Voltage Level

The minimum voltage level at which the input point will turn ON.

OFF Voltage Level

The maximum voltage level at which the input point will turn OFF.

Input Impedance
Input impedance can be used to calculate input current for a particular operating voltage.

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.

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. All LEDs on DL05
Micro PLCs are electrically located on the logic side of the input or output circuit.
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- Chapter 3: CPU Specifications and Operation

Introduction

The Central Processing Unit (CPU) is the heart of the Micro PLC. Almost all PLC operations
are controlled by the CPU, so it is important that it is set up correctly. This chapter provides
the information needed to understand:

® Steps required to set up the CPU
* Operation of ladder programs
* Organization of Variable Memory

To Programming Device
or Operator Interface

DLO5 | !
PLC
CPU 2 Comm.
? Ports
Main
Power
Supply
Input Circuit Output Circuit
Power |

Input 8 Discrete Inputs Commons 6 Discrete Outputs Commons

NOTE: The High-Speed 1/0 function (HSI0) consists of dedicated but configurable hardware in the DL05.
‘E It is not considered part of the CPU, because it does not execute the ladder program. For more on HSI0
operation, see Appendix E.

DLO05 CPU Features
The DL05 Micro PLC which has 6K words of memory comprised of 2K of ladder memory
and 4K words of V-memory (data registers). Program storage is in the FLASH memory which
is a part of the CPU board in the PLC. In addition, there is RAM with the CPU which will
store system parameters, V-memory, and other data which is not in the application program.
The RAM is backed up by a “super-capacitor”, storing the data for several hours in the event
of a power outage. The capacitor automatically charges during powered operation of the PLC.

The DLO5 supports fixed I/O which includes eight discrete input points and six output
points. If more than the fourteen fixed I/O points are needed, select an I/O module for your
application from the DL05/06 Option Modules User Manual. This module will plug into the

expansion slot.

Over 120 different instructions are available for program development as well as extensive
internal diagnostics that can be monitored from the application program or from an operator
interface. Chapters 5, 6, and 7 provide detailed descriptions of the instructions.

The DLO5 provides two built-in RS§232C communication ports, so you can easily connect
a handheld programmer, operator interface, or a personal computer without needing any
additional hardware.
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CPU Specifications
Specifications

Feature DL05
Total Program memory (words) 6K
Ladder memory (words) 2048
Total V-memory (words) 4096
User V-memory (words) 3968
|Non-vo|ati|e V-Memory (words) 128
Contact execution (boolean) 2.0 us
Typical scan (1k boolean) 2.7-3.2 ms
RLL Ladder Style Programming Yes
|RLL and RLLPLUS Programming Yes
Run Time Edits Yes
Supports Overrides Yes
Scan Variable / fixed
Handheld programmer Yes
DirectSOFT programming for Windows. Yes
Built-in communication ports (RS232C) Yes
FLASH Memory Standard on CPU
Local Discrete 1/0 points available 14
[Local Analog input / output channels maximum None
|High-Speed 1/0 (quad., pulse out, interrupt, pulse catch, etc.) Yes, 2
|I/0 Point Density 8 inputs, 6 outputs
|Number of instructions available (see Chapter 5 for details) 129
Control relays 512
Special relays (system defined) 512
Stages in RLLPLUS 256
Timers 128
Counters 128
(Immediate 1/0 Yes
Interrupt input (external/timed) Yes
Subroutines Yes
For/Next Loops Yes
Math Integer
Drum Sequencer Instruction Yes
Time of Day Clock/Calendar Only with the optional Memory Cartridge
Internal diagnostics Yes
Password security Yes
System error log No
User error log No

|Battery backup

No (built-in super—cap)
Yes, with memory cartridge
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CPU Hardware Setup

Communication Port Pinout Diagr:

ams

6-pin Female
Modular Connector

Cables are available that allow you to quickly and easily connect a Handheld Programmer or
a personal computer to the DL05 PLCs. However, if you need to build your own cables, use
the pinout information shown below. The DL05 PLCs require an R]-12 phone plug to fit the

built-in jacks.

The Micro PLC has two built-in RS232C communication ports. Port 1 is generally used
for connecting to a D2-HPP, a PC with DirectSOFT, operator interface, Modbus slave, or
a DirectNET slave. The baud rate is fixed at 9600 baud. Port 2 can be used to connect to a
D2-HPP, DirectSOFT, operator interface, Modbus master/slave, or a DirecsfNET master/slave.

Port 2 has a range of speeds from 300 baud to 38.4K baud.

NOTE: The 5V pins are rated at 220mA maximum, primarily for use with some operator interface units.

Port 1 Pin Descriptions Port 2 Pin Descriptions

1 ov Power (-) connection (GND) 1 ov Power (-) connection (GND)

2 5V Power (+) connection 2 5V Power (+) connection

3 RXD  Receive Data (R§232C) 3 RXD  Receive Data (RS232C)

4 TXD  Transmit Data (RS232C 4 TXD  Transmit Data (RS232C

5 5V Power (+) conection 5 RTS  Requestto Send

6 ov Power (-) connection (GND) 6 oV Power (-) connection (GND)
I = = }

RUNSTOF

TERM

PORT 1 PORT 2

L

N DAY

[ Top View

B

PORT 1 PORT 2

Communication Port 1

Communication Port 2

Com 1 Connects to HPP, DirectSOFT,

operator interfaces, etc.

6-pin, RS232C

9600 Baud (Fixed)

Parity - odd (default)

Station address 1 (fixed)

8 data bits

1 start, 1 stop bit

Asynchronous, Half-duplex, DTE

Protocol: (Auto-Select)
K sequence (Slave only)
DirectNET (Slave only)
Modbus RTU (Slave only)

Com 2 Connects to HPP, DirectSOFT,

operator interfaces, etc.

6-pin, RS232C

Communication speed (baud)
300, 600, 1200, 2400, 4800,
9600, 19200, 38400

Parity - odd (default), even, none

Station address 1 (default)

8 data bits

1 start, 1 stop bit

Asynchronous, Half-duplex, DTE

Protocol: (Auto-Select)
K sequence (Slave only)
DirectNET (Master/Slave)
Modbus RTU (Master/Slave)
Non-sequence/Print
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Chapter 3: CPU Specifications and Operation.

Connecting the Programming Devices
If youre using a Personal Computer with the DirectSOFT programming package, you
can connect the computer to either of the DL05’s programming ports. For an engineering
office environment (typical during program development), this is the preferred method of
programming,.

Use cable part no.
D2-DSCBL

The Handheld programmer is connected to the CPU with a handheld programmer cable. This
device can be used for maintaining existing installations or making small program changes
whenever a PC is not available. The handheld programmer is shipped with a cable, which is
approximately 6.5 feet (200cm) long.

(cable comes with HPP)

For replacement
cable, use part #
DV-1000CBL

CPU Setup Information

Even if you have years of experience using PLCs, there are a few things you need to do before
you can start entering programs. This section includes some basic things, such as changing the
CPU mode, but it also includes some things that you may never have to use. Here’s a brief list
of the items that are discussed. Selecting and Changing the CPU Modes

¢ Using Auxiliary Functions
* Clearing the program (and other memory areas)
* How to initialize system memory

e Setting retentive memory ranges

The following paragraphs provide the setup information necessary to get the CPU ready for
programming. They include setup instructions for either type of programming device you
are using. The D2-HPP Handheld Programmer Manual provides the Handheld keystrokes
required to perform all of these operations. The DirectSOFT Programming Software User
Manual provides a description of the menus and keystrokes required to perform the setup
procedures.
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Mode Switch
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Status Indicators

The status indicator LEDs on the CPU front panels have specific functions which can help in
programming and troubleshooting.

Indicator Status Meaning
ON Power good
PWR OFF Power failure
ON CPU is in Run Mode
RUN OFF CPU is in Stop or program Mode
Blinking CPU is in upgrade Mode
CPU ON CPU self diagnostics error
OFF CPU self diagnostics good
™ ON Data is being transmitted by the CPU - Port 1
OFF No data is being transmitted by the CPU - Port 1
RX1 ON Data is being received by the CPU - Port 1
OFF No data is being received by the CPU - Port 1
™2 ON Data is being transmitted by the CPU - Port 2
OFF No data is being transmitted by the CPU - Port 2
RX2 ON Data is being received by the CPU - Port 2
OFF No data is being received by the CPU - Port 2

Mode Switch Functions

The mode switch on the DL05 PLC provides positions for enabling and disabling program
changes in the CPU. Unless the mode switch is in the TERM position, RUN and STOP mode
changes will not be allowed by any interface device, (handheld programmer, DirectSOFT
programing package or operator interface). Programs may be viewed or monitored but no
changes may be made. If the switch is in the TERM position and no program password is in
effect, all operating modes as well as program access will be allowed through the connected
programming or monitoring device.

‘E NOTE: If the DL05 is switched to the RUN Mode without a program in the PLC, the PLC will produce a
FATAL ERROR which can be cleared by cycling power to the PLC.
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Changing Modes in the DL05 PLC

Mode Switch Position CPU Action
CPU is forced into the RUN mode if no errors are
RUN (Run Program) encountered. No changes are allowed by the attached

programming/monitoring device.

. PROGRAM and the TEST modes are available. Mode
TERM (Terminal) RUN, and program changes are allowed by the programming/
monitoring device.

STOP CPU is forced into the STOP mode. No changes are allowed
by the programming/monitoring device.

There are two ways to change the CPU mode. You can use the CPU mode switch to select
the operating mode, or you can place the mode switch in the TERM position and use a
programming device to change operating modes. With the switch in this position, the CPU
can be changed between Run and Program modes. You can use either DirectSOFT or the
Handheld Programmer to change the CPU mode of operation. With DirectSOFT use the PLC
menu option PLC > Mode or use the Mode button located on the Online
toolbar. With the Handheld Programmer, you use the MODE key.

. DirectS0FT 5 Frogramming - 06 example pid -[Ladder Yiaw]

w‘%?"ﬁ‘w’.

3 3P D0 L Menory e tsanT ot il o2
the raw datain aine ﬂ T:
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Mode of Operation at Power-up

The DL05 CPU will normally power-up in the mode that it was in
just prior to the power interruption. For example, if the CPU was in Program Mode when the
power was disconnected, the CPU will power-up in Program Mode (see warning note below).

WARNING: Once the super capacitor has discharged, the system may not power-up in the mode it was
A in when this occurred. There is no way to determine which mode will be entered as the startup mode.

However, the PLC can power-up in either Run or Program Mode if the mode switch is in the TERM

position. Failure to adhere to this warning greatly increases the risk of unexpected equipment startup.

The mode which the CPU will power-up in is also determined by the state of B7633.13. If the
bit is set and the Mode Switch is in the TERM position, then the CPU will power-up in the
state it was in at power-down.
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Auxiliary Functions
Many CPU setup tasks involve the use of Auxiliary (AUX) Functions. The AUX Functions
perform many different operations, ranging from clearing ladder memory, displaying the scan
time, copying programs to EEPROM in the handheld programmer, etc. They are divided into

categories that affect different system parameters. Appendix A provides a description of the
AUX functions.

You can access the AUX Functions from DirectSOFT or from the D2-HPP Handheld
Programmer. The manuals for those products provide step-by-step procedures for accessing
the AUX Functions. Some of these AUX Functions are designed specifically for the Handheld
Programmer setup, so they will not be needed (or available) with the DirectSOFT package. The
following table shows a list of the Auxiliary functions for the Handheld Programmer.

AUX 2* — RLL Operations 5B HSIO Configuration
21 Check Program 5D Scan Control Setup
22 Change Reference AUX 6* — Handheld Programmer Configuration
23 Clear Ladder Range 61 Show Revision Numbers
24 Clear All Ladders 62 Beeper On / Off
AUX 3* — V-Memory Operations 65 Run Self Diagnostics
3| Clear \-Memory AUX 7* — EEPROM Operations
AUX 4* — 1/0 Configuration 7 Copy CPU memory to HPP EEPROM
4 \ Show 1/0 Configuration 72 Write HPP EEPROM to CPU
AUX 5* — CPU Configuration 73 Compare CPU to HPP EEPROM
51 Modify Program Name 74 Blank Check (HPP EEPROM)
53 Display Scan Time 75 Erase HPP EEPROM
54 Initialize Scratchpad 76 Show EEPROM Type (CPU and HPP)
55 Set Watchdog Timer AUX 8* — Password Operations
56 Set Communication Port 2 81 Modify Password
57 Set Retentive Ranges 82 Unlock CPU
58 Test Operations 83 Lock CPU
59 Override Setup

Clearing an Existing Program
Before you enter a new program, be sure to always clear ladder memory. You can use AUX
Function 24 to clear the complete program.

You can also use other AUX functions to clear other memory areas.
* AUX 23 — Clear Ladder Range
* AUX 24 — Clear all Ladders
e AUX 31 — Clear V-Memory
Initializing System Memory
The DL05 Micro PLC maintain system parameters in a memory area often referred to as the
“scratchpad”. In some cases, you may make changes to the system setup that will be stored in

system memory. For example, if you specify a range of Control Relays (CRs) as retentive, these
changes are stored in system memory. AUX 54 resets the system memory to the default values.
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WARNING: You may never have to use this feature unless you want to clear any setup
information that is stored in system memory. Usually, you’ll only need to initialize the
system memory if you are changing programs and the old program required a special system
setup. You can usually load in new programs without ever initializing system memory.
Remember, this AUX function will reset all system memory. If you have set special parameters such as
retentive ranges, etc. they will be erased when AUX 54 is used. Make sure you that you have considered
all ramifications of this operation before you select it.

AN

Setting Retentive Memory Ranges
The DLO05 PLCs provide certain ranges of retentive memory by default. The default ranges are
suitable for many applications, but you can change them if your application requires additional
retentive ranges or no retentive ranges at all. Appendix F has more information pertaining to
the different types of memory. The default settings are:

DL05
SIS ez Default Range Available Range
Control Relays €400 - C777 C0-C777
\-memory V1400 - V7777 VO - V7777
Timers None by default T0-T177
Counters CTo-CT177 CT0-CT177
Stages None by default S0-8377

You can use AUX 57 to set the retentive ranges. Appendix A contains detailed information
about auxiliary functions. You can also set the retentive ranges by using Setup in DirectSOFT,
PLC > Setup > Retentive Ranges.

WARNING: The DL05 PLCs do not have hattery back-up (unless the memory cartridge, D0-01MC, is
installed) The super capacitor will retain the values in the event of a power loss, but only for a short
period of time, depending on conditions.
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Using a Password
The DLO5 PLCs allow you to use a password to help minimize the risk of unauthorized program
and/or data changes. Once you enter a password you can “lock” the PLC against access. Once
the CPU is locked you must enter the password before you can use a programming device to
change any system parameters.

You can select an 8-digit numeric password. The Micro PLCs are shipped from the factory with
a password of 00000000. All zeros removes the password protection. If a password has been
entered into the CPU you cannot just enter all zeros to remove it. Once you enter the correct
password, you can change the password to all zeros to remove the password protection.

WARNING: Make sure you remember your password. If you forget your password you will not be able

& to access the CPU. The Micro PLC must be returned to the factory to have the password (along with the
ladder project) cleared from memory. It is the policy of AutomationDirect to require the memory of the
PLC to be cleared along with the password.

You can use the D2-HPP Handheld Programmer or DirectSOFT to enter a password. The
following diagram shows how you can enter a password
with the Handheld Programmer.

Select AUX 81

[on] [on] [1s | 2, | [roc] [or] PASSWORD
00000000

Enter the new 8-digit password

* e [x][ar] PASSWORD
XXXXXXXX

Press CLR to clear the display

There are three ways to lock the CPU once the password has been entered.
1. If the CPU power is disconnected, the CPU will be automatically locked against access.

2. If you enter the password with DirectSOFT, the CPU will be
automatically locked against access when you exit DirectSOFT.

3. Use AUX 83 to lock the CPU.

When you use DirectSOFT, you will be prompted for a password if the CPU has been locked.
If you use the Handheld Programmer, you have to use AUX 82 to unlock the CPU. Once you
enter AUX 82, you will be prompted to enter the password.
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CPU Operation

Achieving the proper control for your equipment or process requires a good understanding
of how DL05 CPUs control all aspects of system operation. There are four main areas to
understand before you create your application program:

* CPU Operating System — the CPU manages all aspects of system control.
A quick overview of all the steps is provided in the next section.

* CPU Operating Modes — The two primary modes of
operation are Program Mode and Run Mode.

* CPU Timing — The two important areas we discuss are
the I/O response time and the CPU scan time.

* CPU Memory Map — DL05 CPUs offer a wide
variety of resources, such as timers, counters,
inputs, etc. The memory map section shows the

organization and availability of these data types.

Initialize hardware

. I

CPU Operatlng System Initialize various memory

based on retentive
configuration

At powerup, the CPU initializes the internal electronic
hardware. Memory initialization starts with examining
the retentive memory settings. In general, the content of
retentive memory is preserved, and non-retentive memory
is initialized to zero (unless otherwise specified).

T

Update input
I
Service peripheral

After the one-time powerup tasks, the CPU begins the [

cyclical scan activity. The flowchart to the right shows how ’ Update Special Relays ‘
the tasks differ, based on the CPU mode and the existence
of any errors. The “scan time” is defined as the average pgm

time around the task loop. Note that the CPU is always

reading the inputs, even during program mode. This allows RUN
programming tools to monitor input status at any time.

Execute program
[
Update output

The outputs are only updated in Run mode. In program
mode, they are in the off state.

Error detection has two levels. Non-fatal errors are reported,
but the CPU remains in its current mode. If a fatal error Do diagnostics ‘
occurs, the CPU is forced into program mode and the

outputs go off. ES

Report error, set flag
register, turn on LED

’ Force CPU into ‘

PGM mode
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Program Mode
In Program Mode, the CPU does not execute the
application program or update the output points.
The primary use for Program Mode is to enter
or change an application program. You also use
program mode to set up the CPU parameters, such
as HSIO features, retentive memory areas, etc.

You can use a programming device, such as a PC
with DirectSOFT Programming Software or the
D2-HPP Handheld programmer to place the CPU
in Program Mode.

Run Mode

In Run Mode, the CPU executes the application
program and updates the I/O system. You can
perform many operations during Run Mode. Some
of these include:

* Monitor and change I/O point status
* Update timer/counter preset values

 Update Variable memory locations

Run Mode operation can be divided into several key
areas. For the vast majority of applications, some of
these execution segments are more important than

others. For example, you need to understand how v \

Normal Run mode scan

the CPU updates the I/O points, handles forcing ’ Read Inputs ‘
operations, and solves the application program. The 1

remaining segments are not that important for most ’ Service Peripherals ‘
applications. p

You can use DirectSOFT or the D2-HPP Handheld ’ Update Special Relays ‘
Programmer to place the CPU in Run Mode. ¥

You can also edit the program during Run Mode. ’ Solve the Application Program ‘
The Run Mode Edits are not “bumpless” to the

outputs. Instead, the CPU maintains the outputs ’ Write Outputs ‘
in their last state while it accepts the new program v

information. If an error is found in the new program, ’ Diagnostics ‘

then the CPU will turn all the outputs off and enter T )

the Program Mode. This feature is discussed in more

detail in Chapter 9.

changes to the program. Changes during Run Mode become effective immediately. Make sure you
thoroughly consider the impact of any changes to minimize the risk of personal injury or damage to
equipment.

: WARNING: Only authorized personnel fully familiar with all aspects of the application should make
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Read Inputs
The CPU reads the status of all inputs, then stores it in the image register. Input image register
locations are designated with an X followed by a memory location. Image register data is used
by the CPU when it solves the application program.

Of course, an input may change after the CPU has just read the inputs. Generally, the CPU
scan time is measured in milliseconds. If you have an application that cannot wait undil the
next I/O update, you can use Immediate Instructions. These do not use the status of the input
image register to solve the application program. The Immediate instructions immediately read
the input status directly from the I/O modules. However, this lengthens the program scan since
the CPU has to read the I/O point status again. A complete list of the Immediate instructions
is included in Chapter 5.

Service Peripherals and Force 1/0
After the CPU reads the inputs from the input modules, it reads any attached peripheral
devices. This is primarily a communications service for any attached devices. For example,
it would read a programming device to see if any input, output, or other memory type status
needs to be modified. There are two basic types of forcing available with the DL05 CPUs.

¢ Forcing from a peripheral — not a permanent force, good only for one scan
g g y

* Bit Override — holds the I/O point (or other bit) in the current state. Valid bits are X, Y,
C, T, CT, and S. (These memory types are discussed in more detail later in this chapter).

Regular Forcing — This type of forcing can temporarily change the status of a discrete bit. For
example, you may want to force an input on, even though it is really off. This allows you to
change the point status that was stored in the image register. This value will be valid until the
image register location is written to during the next scan. This is primarily useful during testing
situations when you need to force a bit on to trigger another event.

Bit Override — Bit override can be enabled on a point-by-point basis by using AUX 59
from the Handheld Programmer or, by using the Data View option within DirectSOFT. Bit
override basically disables any changes to the discrete point by the CPU. For example, if you
enable bit override for X1, and X1 is off at the time, then the CPU will not change the state of
X1. This means that even if X1 comes on, the CPU will not acknowledge the change. So, if you
used X1 in the program, it would always be evaluated as “off” in this case. Of course, if X1 was
on when the bit override was enabled, then X1 would always be evaluated as “on”.

There is an advantage available when you use the bit override feature. The regular forcing is not
disabled because the bit override is enabled. For example, if you enabled the Bit Override for YO
and it was off at the time, then the CPU would not change the state of YO. However, you can
still use a programming device to change the status. Now, if you use the programming device
to force YO on, it will remain on and the CPU will not change the state of YO. If you then force
YO0 off, the CPU will maintain YO as off. The CPU will never update the point with the results
from the application program or from the I/O update until the bit override is removed. The
following diagram shows a brief overview of the bit override feature. Notice the CPU does not
update the Image Register when bit override is enabled.
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nput Update W@
\ x128] . [ x2 [ x1 | xo A
OFf | .. | ON| ONJ OFF

Bit Override OFF Force from Yi28] .. | v2 [ vi] vo Force from Bit Override ON
Programmer OFF | ... | ON | ONLOFF Programmer
G77] .. o aco
OFF | .. | ONJ OFF | OFF
Result of Program Image Register (example) Result l‘@
Solution Solution”\_

: WARNING: Only authorized personnel fully familiar with all aspects of the application should make

changes to the program. Make sure you thoroughly consider the impact of any changes to minimize the
risk of personal injury or damage to equipment.

Update Special Relays and Special Registers
There are dedicated V-memory locations that contain Special Relays and other dedicated
register information. This portion of the execution cycle makes sure these locations get updated
on every scan. Also, there are several different Special Relays, such as diagnostic relays, etc., that
are also updated during this segment.

Solve Application Program
The CPU evaluates each instruction in the application
program during this segment of the scan cycle. The
instructions define the relationship between the input
conditions and the desired output response. The CPU
uses the output image register area to store the status of
the desired action for the outputs. Output image register
locations are designated with a Y followed by a memory
location. The actual outputs are updated during the write
outputs segment of the scan cycle. There are immediate

Normal Run mode scan

output instructions available that will update the output | Read Inputs |
points immediately instead of waiting until the write output ¥

segment. A complete list of the Immediate instructions is [ service Pi”pherals |
provided in Chapter 5. [ Update Special Relys |
The internal control relays (C), the stages (S), and the v

variable memory (V) are also updated in this segment. ‘ Solve the Application Program ‘
You may recall that you can force various types of points | e ém - |
in the system. (This was discussed earlier in this chapter.) 7 P

If any I/O points or memory data have been forced, the | Disgnostics |
output image register also contains this information.
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Write Outputs
Once the application program has solved the instruction logic and constructed the output
image register, the CPU writes the contents of the output image register to the corresponding
output points. Remember, the CPU also made sure that any forcing operation changes were
stored in the output image register, so the forced points get updated with the status specified
earlier.

Diagnostics
During this part of the scan, the CPU performs all system diagnostics and other tasks such
as calculating the scan time and resetting the watchdog timer. There are many different error
conditions that are automatically detected and reported by the DLO5 PLCs. Appendix B
contains a listing of the various error codes.

Probably one of the more important things that occurs during this segment is the scan time
calculation and watchdog timer control. The DL05 CPU has a “watchdog” timer that stores
the maximum time allowed for the CPU to complete the solve application segment of the
scan cycle. If this time is exceeded the CPU will enter the Program Mode and turn off all
outputs. The default value set from the factory is 200ms. An error is automatically reported.
For example, the Handheld Programmer would display the following message “E003 S/W
TIMEOUT” when the scan overrun occurs.

You can use AUX 53 to view the minimum, maximum, and current scan time. Use AUX 55 to
increase or decrease the watchdog timer value.

1/0 Response Time

Is Timing Important for Your Application?
I/O response time is the amount of time required for the control system to sense a change in an
input point and update a corresponding output point. In the majority of applications, the CPU
performs this task in such a short period of time that you may never have to concern yourself
with the aspects of system timing. However, some applications do require extremely fast update
times. In these cases, you may need to know how to determine the amount of time spent during
the various segments of operation.

There are four things that can affect the I/O response time.
* The point in the scan cycle when the field input changes states
* Input Off to On delay time
* CPU scan time

* Output Off to On delay time

The next paragraphs show how these items interact to affect the response time.

Normal Minimum I/O Response
The I/O response time is shortest when the input changes just before the Read Inputs portion
of the execution cycle. In this case the input status is read, the application program is solved,
and the output point gets updated. The following diagram shows an example of the timing for
this situation.
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Scan
Solve Solve Solve Solve
Scan Program Program Program Program
N Read wite
Inputs Outputs

Field Input

CPU Writes

\
\
\
\
\
CPU Reads ‘
|
\
\
\
\
\

\ v \
puts Outputs

input | g P
Off/On Delay " " } }

\ \ \
Output ‘ \ \
Off/On Delay | |

[

|

je—— /O Response Time ————»
\ [
In this case, you can calculate the response time by simply adding the following items:

Input Delay + Scan Time + Output Delay = Response Time

Normal Maximum I/O Response

3-16 I

The I/O response time is longest when the input changes just after the Read Inputs portion of
the execution cycle. In this case the new input status is not read until the following scan. The
following diagram shows an example of the timing for this situation.

Scan
Solve Solve Solve Solve
Scan Program Program Program Program
"\ Read wite
‘ ‘ Inputs Outputs ‘ ‘ ‘ ‘
[ [ [
| | [ | [ |
Field Input [T I I
o [ [
‘ ‘ ‘ ‘ ‘ CPU Reads ‘ ‘ CPU Writes
Input Output;
Input B | e | g o
Off/On Delay } N 5 || ||
[ [ [
Lol [ [
Output ‘ [ (I [
Off/On Delay | ] |
\ \
\ \
= 1/0 Response Time -
\ \

In this case, you can calculate the response time by simply adding the following items:

Input Delay +(2 x Scan Time) + Output Delay = Response Time
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Improving Response Time

There are a few things you can do the help improve throughput.
¢ You can choose instructions with faster execution times

* You can use immediate I/O instructions (which update
the I/O points during the program execution)

* You can use the HSIO Mode 50 Pulse Catch features designed to operate in
high-speed environments. See Appendix E for details on using this feature.

* Change Mode 60 filter to Oms for X0, X1, X2 and X3.

Of these four things the Immediate I/O instructions are probably the most important and
most useful. The following example shows how an immediate input instruction and immediate
output instruction would affect the response time.

Scan
Solve Solve Solve Solve
Scan Program Program Program Program
Normal | Read ‘ ‘ Wit \ Normal
ol Sy Red S N e N
Input ‘ ‘ Immediate ‘ ‘ Immediate ‘ ‘ Outputs ‘ ‘
|| \ \ [ | [ |
Field Input [ [ \ ‘ |1
o \ \ [
\ } } \ \ I
| | ||
Input ‘
Off/On Dela = - I |1
\ \ [
\ \ I
Output ‘ ‘ b
Off/On Delay | < - | |

[
\
\
\
I [
| \
l«— /O Response Time  —
| \

In this case, you can calculate the response time by simply adding the following items.
Input Delay + Instruction Execution Time + Output Delay = Response Time

The instruction execution time would be calculated by adding the time for the immediate input
instruction, the immediate output instruction, and any other instructions in between the two.

NOTE: Even though the immediate instruction reads the most current status from 1/0, it only uses the results
to solve that one instruction. It does not use the new status to update the image register. Therefore, any
regular instructions that follow will still use the image register values. Any immediate instructions that follow
will access the I/0 again to update the status.
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CPU Scan Time Considerations

The scan time covers all the cyclical tasks that are
performed by the operating system. You can use
DirectSOFT or the Handheld Programmer to display the
minimum, maximum, and current scan times that have
occurred since the previous Program Mode to Run Mode

Power up
Initialize hardware

Initialize various memory
based on retentive

transition. This information can be very important when configuration
evaluating the performance of a system. As we’ve shown

previously there are several segments that make up the scan
cycle. Each of these segments requires a certain amount of

time to complete. Of all the segments, the following are Service peripheral

the most important.
Update Special Relays

¢ Input Update

* Peripheral Service PaM
* Program Execution RUN
Execute program

* Output Update

. . Update output
* Timed Interrupt Execution

The only one you really have the most control over is the

amount of time it takes to execute the application program.
This is because different instructions take different
amounts of time to execute. So, if you think you need a
faster scan, then you can try to choose faster instructions.

NO
Report error, set flag
register, turn on LED

dictated by the application. NO
Fatal error

Your choice of I/O type and peripheral devices can also
affect the scan time. However, these things are usually

The following paragraphs provide some general
information on how much time some of the segments can .

. Force CPU into
requlre' PGM mode

Reading Inputs
The time required during each scan to read the input status is 40ps. Don’t confuse this with the
I/O response time that was discussed earlier.

Writing Outputs
The time required to write the output status is 629ps. Don’t confuse this with the I/O response
time that was discussed earlier.
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Application Program Execution
The CPU processes the program from address 0 to the END instruction. The CPU executes
the program left to right and top to bottom. As each rung is evaluated the appropriate image
register or memory location is updated. The time required to solve the application program
depends on the type and number of instructions used, and the amount of execution overhead.

Just add the execution times for all the instructions in your program to determine to total
execution time. Appendix C provides a complete list of the instruction execution times for the
DLO05 Micro PLC. For example, the execution time for running the program shown below is
calculated as follows:

Instruction Time

X0 X1 YO
STR X0 2.0 s —] ouT)
ORCO 1.6 us
ANDN X1 1.6 us co
OUT YO 6.8 s —
STRN C100 2.3 us
LD K10 42.7 us G109 D
STRN C101 2.3 us ¥ 4-
OUT V2002 16.6 us

STRN C102 2.3 ps H
LD K50 42.7 us V2002
STRN C103 2.3 us c102 )

OUT V2006 16.6 ps H

STR X5 2.0 us
ANDN X10 1.6 us c103 Ut
ouT Y3 6.8 us 4 -vzooe
END 24.0 us

X5 X10 Y3
SUBTOTAL 174.2 us — F——34F——(ouT)
Overhead DLO05 (END)

Minimum 0.66 ps
Maximum 2.5ps

TOTAL TIME = (Program execution time + Overhead) x 1.1

The program above takes only 174.2 ps to execute during each scan. The DL05 spends 0.1 ms,
on internal timed interrupt management, for every 1.0 ms of instruction time. The total scan
time is calculated by adding the program execution time to the overhead (shown above) and
multiplying the result (ms) by 1.1. “Overhead” includes all other housekeeping and diagnostic
tasks. The scan time will vary slightly from one scan to the next, because of fluctuation in
overhead tasks.

Program Control Instructions — the DL05 PLCs have an interrupt routine feature that
changes the way a program executes. Since this instruction interrupts normal program flow,
it will have an effect on the program execution time. For example, a timed interrupt routine
with a 10.0 ms period interrupts the main program execution (before the END statement)
every 10.0 ms, so the CPU can execute the interrupt routine. Chapter 5 provides detailed
information on interrupts.
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PLC Numbering Systems

octal binary
If you are a new PLC user or are using AutomationDirect , 1482 BCD ¢ )
PLC:s for the first time, please take a moment to study how our| * 349 2 3 0402 ¢
PLCs use numbers. You'll find that each PLC manufacturer 7 961428  ASCIl
has their own conventions on the use of numbers in their| 1001011011 hexadecimal
PLCs. We want to take just a moment to familiarize you A 1011
with how numbers are used in AutomationDirect PLCs. The decimal A 298
information you learn here applies to all of our PLCs. -300124 ¢

As any good computer does, PLCs store and manipulate numbers in binary form: just ones
and zeros. So why do we have to deal with numbers in so many different forms? Numbers have
meaning, and some representations are more convenient than others for particular purposes.
Sometimes we use numbers to represent a size or amount of something. Other numbers refer
to locations or addresses, or to time. In science we attach engineering units to numbers to give
a particular meaning (see Appendix I for numbering system details).

PLC Resources

PLCs offer a fixed amount of resources, depending on the model and configuration. We use the
word “resources” to include variable memory (V-memory), I/O points, timers, counters, etc.
Most modular PLCs allow you to add I/O points in groups of eight. In fact, all the resources
of our PLC:s are counted in octal. It’s easier for computers to count in groups of eight than ten,
because eight is an even power of 2.

Octal means simply counting in groups of eight things| Decimal 1 2 3 4 5 6 7 8
at a time. In the figure to the right, there are eight
circles. The quantity in decimal is “8”, but in octal it
is “10” (8 and 9 are not valid in octal). In octal, “10”| Octal 1 234 5 6 7 10
means 1 group of 8 plus 0 (no individuals).

In the figure below, we have two groups of eight circles. Counting in octal we have “20” items,
meaning 2 groups of eight, plus 0 individuals Don’t say “twenty”, say “two—zero octal”. This
makes a clear distinction between number systems.

Decimal 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Octal 1 2 3 4 5 6 7 10 11 12 13 1415 16 17 20

After counting PLC resources, it is time to access PLC resources (there is a difference). The
CPU instruction set accesses resources of the PLC using octal addresses. Octal addresses are the
same as octal quantities, except they start counting at zero. The number zero is significant to a
computer, so we don’t skip it.

Our circles are in an array of square containers to Xx=0 1 2 3 4 5 6 7
the right. To access a resource, our PLC instruction
will address its location using the octal references X
shown. If these were counters, “CT14” would access| 1 x .
the black circle location. 2%
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V-memory
Variable memory (CaHCd V-memory) V-memory address V-memory data
stores data for the ladder program (octah MsB (binary) LsB
and for configuration settings.| V20V [o[ 1Jofo[1[1][1]ofofo[r[of 1[o[0[1]
V-memory locations and V-memory
addresses are the same thing, and are numbered in octal. For example, V2073 is a valid location,
while V1983 is not valid (“9” and “8” are not valid octal digits).

Each V-memory location is one data word wide, meaning 16 bits. For configuration registers,
our manuals will show each bit of a V-memory word. The least significant bit (LSB) will be
on the right, and the most significant bit (MSB) on the left. We use the word “significant”,
referring to the relative binary weighting of the bits.

V-memory data is 16-bit binary, but we rarely program the data registers one bit at a time.
We use instructions or viewing tools that let us work with decimal, octal, and hexadecimal
numbers. All these are converted and stored as binary for us.

A frequently-asked question is “How do I tell if a number is octal, BCD, or hex”? The answer
is that we usually cannot tell just by looking at the data... but it does not really matter. What
matters is: the source or mechanism which writes data into a V-memory location and the thing
which later reads it must both use the same data type (i.e., octal, hex, binary, or whatever). The
V-memory location is just a storage box... that’s all. It does not convert or move the data on
its own.

Binary-Coded Decimal Numbers

Since humans naturally count in
decimal (10 fingers, 10 toes), we prefer
to enter and view PLC data in decimal
as well. However, computers are more efficient in using pure binary numbers. A compromise
solution between the two is Binary-Coded Decimal (BCD) representation. A BCD digit ranges
from 0 to 9, and is stored as four binary bits (a nibble). This permits each V-memory location
to store four BCD digits, with a range of decimal numbers from 0000 to 9999.

BCD number 4 9 3 6

V-memory storage | 0] 1] 0] 0] [1]oJ o[ 1] [oJo[1[1][o][1][1]0]

In a pure binary sense, a 16-bit word can represent numbers from 0 to 65535. In storing BCD
numbers, the range is reduced to only 0 to 9999. Many math instructions use Binary-Coded
Decimal (BCD) data, and DirectSOFT and the handheld programmer allow us to enter and
view data in BCD.

Hexadecimal Numbers
Hexadecimal numbers are similar to BCD numbers, except they utilize all possible binary
values in each 4-bit digit. They are base-16 numbers so we need 16 different digits. To extend
our decimal digits 0 through 9, we use A through F as shown.

Decimal 01 23 45 6 7 8 91011 1213 1415
Hexadecimal 01 23 45 6 7 89 AB CDTEF

A 4-digit hexadecimal number can represent all 65536 values in a V-memory word. The range
is from 0000 to FFFF (hex). PLC’s often need this full range for sensor data, etc. Hexadecimal
is just a convenient way for humans to view full binary data.

Hexadecimal number A 7 F 4

Vamemory sorsge (110 18] [0 T[1]1] [1[1[1]7] [o[0[0]
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Memory Map

With any PLC system, you generally have many different types of information to process. This
includes input device status, output device status, various timing elements, parts counts, etc. It
is important to understand how the system represents and stores the various types of data. For
example, you need to know how the system identifies input points, output points, data words,
etc. The following paragraphs discuss the various memory types used in DL0O5 Micro PLCs.
A memory map overview for the CPU follows the
memory descriptions.

Octal Numbering System

All memory locations and resources are numbered
in Octal (base 8). For example, the diagram shows
how the octal numbering system works for the
discrete input points. Notice the octal system does

not contain any numbers with the digits 8 or 9. . E @ E . E . E

Discrete and Word Locations

As you examine the different memory types, you'll Discrete — On or Off, 1 bit
notice two types of memory in the DLO5, discrete
and word memory. Discrete memory is one bit that 4{ }7

can be either a 1 or a 0. Word memory is referred
to as V-memory (variable) and is a 16-bit location
normally used to manipulate data/numbers, store

data/numbers, etc. Word Locations — 16 bits

Some information is automatically stored in l0|1 |0l1 IOIOIOIOlOI()“ IOIO“ |0l1 l
V-memory. For example, the timer current values
are stored in V-memory.

V-memory Locations for Discrete Memory Areas

The discrete memory area is for inputs, outputs, control relays, special relays, stages, timer status
bits and counter status bits. However, you can also access the bit data types as a V-memory
word. Each V-memory location contains 16 consecutive discrete locations. For example, the
following diagram shows how the X input points are mapped into V-memory locations.

8 Discrete (X) Input Points
7] e ][] 2] oz ) ]

LT

git e[ 15][14] [13] 12 [0 ] o] [0 [ s ][ 7] L J[ s [« ][5 ][ 2 ][ ][ o] va0400

These discrete memory areas and their corresponding V-memory ranges are listed in the
memory area table for DLO5 Micro PLCs on the following pages.
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Input Points (X Data Type)

The discrete input points are noted by an X data ‘ X0 Yo
type. There are 8 discrete input points and 256 | | (our)
discrete input addresses available with DL0O5 CPUs.
In this example, the output point YO will be turned
on when input X0 energizes.

Output Points (Y Data Type)
The discrete output points are noted by a Y data ‘ X1 Y1

output addresses available with DL05 CPUs. In
this example, output point Y1 will be turned on
when input X1 energizes.

type. There are 6 discrete outputs and 256 discrete | ] (our)

Control Relays (C Data Type)
Control relays are discrete bits normally used to X6 G
[ ] (our)
control the user program. The control relays do not [ \
represent a real world device, that is, they cannot be
physically tied to switches, output coils, etc. They cs Y10

. . | | [
are internal to the CPU. Because of this, control I uom}

relays can be programmed as discrete inputs or
discrete outputs. These locations are used in
programming the discrete memory locations (C) or
the corresponding word location which contains 16
consecutive discrete locations.

Y20
OUT)

In this example, memory location C5 will energize
when input X6 turns on. The second rung shows
a simple example of how to use a control relay as
an input.

Timers and Timer Status Bits (T Data Type)
Timer status bits reflect the relationship between
the current value and the preset value of a specified
timer. The timer status bit will be on when the X0 VR o

current value is equal or greater than the preset | | K30

value of a corresponding timer.

When input X0 turns on, timer T'1 will start. When

the timer reaches the preset of 3 seconds (K30) }TH /(;LZT)
timer status contact T'1 turns on. When T1 turns [ \

on, output Y12 turns on. Turning off X0 resets the
timer.
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Timer Current Values (V Data Type)

As mentioned earlier, some information is automatically

X0

stored in V-memory. This is true for the current values N TMRM 000 T
associated with timers. For example, VO holds the
current value for Timer 0, V1 holds the current value
for Timer 1, etc. Vi K30 Y2

. . . s = (our)
The primary reason for this is programming flexibility.
The exa'mple shows .how'you can use relatipnal contacts Vi K50 v3
to monitor several time intervals from a single timer. {2} < ouT )

v1‘ l|<75 V1‘ K100 v4
= < }——( ouT)
Counters and Counter Status Bits (CT Data
type) {XO} T
Counter status bits that reflect the relationship between .
the current value and the preset value of a specified [
counter. The counter status bit will be on when the H
current value is fzqual to or greater than the preset value T3 v
of a corresponding counter. { } < ouT )

Each time contact X0 transitions from off to on, the
counter increments by one. (If X1 comes on, the
counter is reset to zero.) When the counter reaches the
preset of 10 counts (K of 10) counter status contact
output Y2 turns on.

CT3 turns on. When CT3 turns on,

X0 CNT  CT3
Counter Current Values (V Data Type) | | K10

Just like the timers, the counter current values are X1
also automatically stored in V-memory. For example, | |
V1000 holds the current value for Counter CTO,
V1001 holds the current value for Counter CT'1, etc. % 003‘ lK1 , Y2
The primary reason for this is programming flexibility. = \ OUT)
The exa.mple shows how you can use relational contacts |\ oo V3
to monitor the counter values. {>} (our)

V1003 K5 V1003 K8 Y4

|=| < our)
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Word Memory (V Data Type)

Word memory is referred to as V-memory (variable) and

is a 16-bit location normally used to manipulate data/ X0 LD
numbers, store data/numbers, etc. Some information is K1345
automatically stored in V-memory. For example, the timer

current values are stored in V-memory. The example out

P . . V2000
shows how a four-digit BCD constant is loaded into the
accumulator and then stored in a V-memory location.

Word Locations — 16 bits
[o[ofo[1[o[o[1[1]o[1]o]o[o[1]0[1]

Stages (S Data type) \/\/
Stages are used in RLLPLUS programs to create a \/ \/

structured program, similar to a flowchart. Each
program Stage denotes a program segment. When the
program segment, or Stage, is active, the logic within
that segment is executed. If the Stage is off, or inactive,  [ise ,

. . 50000 Wait for Start
the logic is not executed and the CPU skips to the

Ladder Representation

next active Stage. (See Chapter 7 for a more detailed _jfa” Jﬁp)
description of RLLPLUS programming,.) x <50
Each Stage also has a discrete status bit that can be used < P )
as an input to indicate whether the Stage is active or sooo1 | Checkifora Part
inactive. If the Stage is active, then the status bit is on. If pooart -
the Stage is inactive, then the status bit is off. This status (")
bit can also be turned on or off by other instructions, oot i
such as the SET or RESET instructions. This allows you ()
to easily control stages throughout the program. - X
0002 Clamp the part
(sET)
Part S400
Locked S3
JAAAAAAAAAAAAAAAAA{JMP)
X

Special Relays (SP Data Type)

Special relays are discrete memory locations with pre-defined

functionality. There are many different types of special ‘ 8PS C10
A | | (out)

relays. For example, some aid in program development,

others provide system operating status information, etc.

Appendix D provides a complete listing of the special relays.

In this example, control relay C10 will energize for 50ms SP4: 1 second clock
and de-energize for 50ms because SP5 is a pre—defined relay SP5: 100ms clock
that will be on for 50ms and off for 50 ms. )

SP6: 50ms clock
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DLO5 System V-memory
System Parameters and Default Data Locations (V Data Type)

The DL0O5 PLCs reserve several V-memory locations for storing system parameters or certain
types of system data. These memory locations store things like the error codes, High-Speed 1/0
data, and other types of system setup information.

V_S'xset;r: y Description of Contents Deii:;laltn;l:;ues/
\12320-V2377 The default location for multiple preset values for the High-Speed Counter N/A
\[7620-V7627 Locations for DV-1000 operator interface parameters

\/7620 |Sets the V-memory location that contains the value V0 - V2377
V7621 |[Sets the V-memory location that contains the message V0 - V2377
V7622 |Sets the total number (1-16) of V-memory locations to be displayed. 1-16
V7623 |[Sets the V-memory location containing the numbers to be displayed. V0-V2377
V7624 |[Sets the V-memory location containing the character code to be displayed V0-V2377

V-memory location for X,
Y, or C points used

\/7626 |Power-up operational mode. 0,1,2,12,3
\/7627 |Change preset value. 0000 to 9999

Starting location for the multi-step presets for channel 1. The default value is
2320, which indicates the first value should be obtained from V2320. Since there | Default: V2320 Range:

V7625 |Contains the function number that can be assigned to each key.

V7630 are 24 presets available, the default range is V2320-V2377. You can change the \V0-V2320
starting point if necessary.
\'7631-V7632 Reserved N/A
Default: 0060
Lower Byte Range:
Range: 10 — Counter
20 — Quadrature
30 - Pulse Out
Sets the desired function code for the high speed counter, interrupt, pulse catch, |40 — Interrupt
V7633 pulse train, and input filter. 50 - Pulse Catch
Location can also be used to set the power-up in Run Mode option. 60 — Filtered discrete In.
Upper Byte Range:
Bits 8-12, 14, 15: Unused
Bit 13: Power—up in RUN,
if Mode Switch is in TERM
position.
V7634 - X0
V7635 - X1 Setup Registers for High-Speed 1/0 functions Default: 1006
V7636 - X2
V17637 Pulse/Direction Default: 0000
\'7640-V7646 Reserved N/A
Default: 0000
\'7647 Timed Interrupt Range: 0003-03E7h
(3-9999ms)
\'7650-V7654 Reserved N/A
\/7655 Port 2: Setup for the protocol, time-out, and the response delay time. Default: 00EQ
\/7656 Port 2: Setup for the station number, baud rate, STOP bit, and parity. Default: 8501
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Chapter 3: CPU Specifications and Operation.

V-sn‘:zt:::)‘ry Description of Contents Defi:l;tn;lzlues/
/7657 Port 2: Setup completion code used to notify the completion of the parameter setup  [Default: 0AQ0
\/7660 Scan control setup: Keeps the scan control mode Default: 0000
/7661 Setup timer over counter: Counts the times the actual scan time exceeds the user

setup time

\7662-V7717

Reserved

\7720-V7722

Locations for DV-1000 operator interface parameters

\/7720 Titled Timer preset value pointer

V7721 Title Counter preset value pointer

\/7722 HiByte-Titled Timer preset block size, LoByte-Titled Counter preset block size

\[7723-\I7750 Reserved

V7751 Fault Message Error Code — stores the 4-digit code used with the FAULT instruction
when the instruction is executed

\[7752-\I7754 Reserved

V7755 Error code — stores the fatal error code

\/7756 Error code — stores the major error code

/7757 Error code — stores the minor error code

\'7760-V7762 Reserved

/7763 Program address where syntax error exists

/7764 Syntax error code

17765 Scan — stores the total number of scan cycles that have occurred since the last
Program Mode to Run Mode transition

/7766 Contains the number of seconds on optional Memory Cartridge clock (00-59)

V7767 Contains the number of minutes on optional Memory Cartridge clock (00-59)

7770 Contains the number of hours on optional Memory Cartridge clock (00-23)

7771 Contains the day of week on optional Memory Cartridge (Mon., Tues., Wed., etc.)

7772 Contains the numerical day of month on optional Memory Cartridge (01, 02, etc.)

7773 Contains the numerical month on optional Memory 