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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 2024, 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
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 c6digos de seguridad
locales o nacionales aplicables que regulan la instalacién y operacién de su equipo. Estos c6digos varian de
drea en drea y usualmente cambian con el tiempo. Es su responsabilidad determinar cuales c6digos deben ser
seguidos y verificar que el equipo, instalacién y operacién estén en cumplimiento con la revisién mas reciente
de estos c6digos.

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 cédigos y normas aplicables, puede resultar en dafios al equipo o lesiones serias a
personas. No garantizamos los productos descritos en esta publicacion 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 navegacion aérea, o de comunicacién, control de
trafico 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 danos fisicos 0 ambientales severos (“Actividades de Alto
Riesgo”). Automationdirect.com especificamente rechaza cualquier garantia ya sea expresada o implicada para
actividades de alto riesgo.

Para informacién adicional acerca de garantia 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 niimero 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, asi 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 compaiifas. Los nombres de las
compafifas y productos pueden tener marcas registradas y son propiedad tnica de sus respectivos duefios. Automationdirect.com,
renuncia cualquier interés propietario en las marcas y nombres de otros.

PROPIEDAD LITERARIA 2024, 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 propdsitos educativos.



~ AVERTISSEMENT ~

Nous vous remercions d’avoir acheté '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'uiliser.

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

Vous devez, a 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 a respecter pour assurer une installation et un fonctionnement siirs.

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

conviennent a votre application particuliére et nous n’assumons aucune responsabilité & I'égard de la conception, de
Iinstallation 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 qu’équipement de commande en ligne dans des environnements dangereux nécessitant une sécurité absolue,
par exemple, 'exploitation d’installations nucléaires, les systémes de navigation aérienne ou de communication, le
controle de la circulation aérienne, les équipements de survie ou les syst¢mes 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 I'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.

Cette publication s’appuie sur 'information qui était disponible au moment de 'impression. A la société
AutomationDirect, nous nous efforgons 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 2024, Automationdirect.com Incorporated
Tous droits réservés

Nulle partie de ce manuel ne doit étre copiée, reproduite ou transmise de quelque facon que ce soit sans le
consentement préalable écrit de la société Automationdirect.com Incorporated. AutomationDirect conserve les
droits exclusifs 4 'égard de tous les renseignements contenus dans le présent document.



DL205 ANALOG I/O MODULES
YAUTOMATIONDIRECT?

Please include the Manual Number and Issue, both shown below, when
communicating with Technical Support regarding this publication.

Manual Number: D2-ANLG-M
Issue: 7th Edition Rev. H
Issue Date: 11/24
Issue Date Description of Changes
1st Edition 194 Original Edition
2nd Edition 4/95 New Edition
3rd Edition 9/97 Added new modules
4th Edition 4/99 Added new modules
5th Edition 5/00 Added new modules
6th Edition 4/02 Added new modules
Added D2-250-1 and D2-260 CPUs and removed references to D2-250 CPU.
Rev. A 6/02 (Note: D2-250 has same functionality as a D2-250-1 except for local expansion
capability).
Rev.B 8/02 Minor corrections
7th Edition 8/05 Added new F2-8AD4DA chapters 15 and 16 and miscellaneous minor changes.
RevA 11/06 Added information about changes to F2-04THM jumper link locations in chapter 7.
Added information about jumper link locations and some input specification
Rev.B 410 changes on F2-04AD-1, F2-04AD-2, F2-08AD-1, F2-08AD-2, and F2-02DAS-2
modules. Also added R Wide input range to F2-04THM specification table.
Rev.C 9n7 Minor changes - changed to download version only
Rev.D 12117 Made correction to wiring diagram in Chapter 11
Rev.E 12118 Added D2-262 CPU and revised complete manual.
Rev. F 5/19 Chapter 16 - revised ladder examples 1, 2, and 3; updated V-memory location tables.
Rev.G 6/20 Chapter 8 &9 - revised external power supply value requirements in data tables.
Rev.H 11124 Removed Type 1 fonts, added hyperlinks to footers.
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- Chapter 1: Getting Started

Introduction
The Purpose of this Manual

‘This manual shows how to select and install analog input and analog output modules. It also
shows several ways to use the analog data in a PLC program. If you understand the DL205
instruction set and system setup requirements, this manual will provide the information
needed to install and use the analog modules. This manual is not intended to be a tutorial on
analog signal theory, but rather a user reference manual for the DL205 Analog I/O modules.

Supplemental Manuals

A copy of the DL205 User Manual (D2-USER-M) will be helpful when working with the
analog modules. The DL205 User Manual is not absolutely necessary, but it does provide
detailed descriptions of the instructions used to acquire the analog data. The User Manual
also provides a more thorough description of how the I/O points are assigned to the module.
This is all the material necessary to quickly understand the DL205 Analog I/O modules.

Technical Support

We strive to make our manuals the best in the industry. We rely on your feedback to let
us know if we are reaching our goal. If you cannot find the solution to your particular
application, or, if for any reason you need technical assistance, please call us at:

770-844-4200

Our technical support group will work with you to answer your questions. They are available
Monday through Friday from 9:00 A.M. to 6:00 P.M. Eastern Time. We also encourage you
to visit our web site where you can find technical and non-technical information about our
products and our company.

http://www.automationdirect.com

If you have a comment, question or suggestion about any of our products, services, or
manuals, please fill out and return the Suggestions card that was included with this manual.
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Conventions Used

...... When the “notepad” icon is in the left-hand margin, the paragraph to its immediate right

‘E will be a special note.

The word NOTE in boldface will mark the beginning of the text.

When the “exclamation mark” icon is 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).

The word WARNING in boldface will mark the beginning of the text which will also be in
boldface..

Key Topics for Each Chapter 7\V1

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

Physical Characteristics

The DL205 Analog Modules provide many features that make the modules easy to use.

With the exception of the thermocouple module, the terminal blocks are removable, which
makes wiring a simple task. All of the D1.205 analog modules have normal screw terminal
connectors. Access the module terminals by removing the front cover (not shown). To remove
the front cover, press the tab on the lower front corner of the cover. For ease of removal, the
terminal blocks have squeeze tabs on the top and bottom. To remove a terminal block, press
the tabs and pull the terminal block away from the module.

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

Press tabs
to remove
terminal
block.
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Analog Input Module Terminology

Several different terms are used throughout the rest of this manual. The terms may be helpful
to make it easier to select the appropriate analog modules. Take a few minutes to review these
definitions.

Channels per Module - The total number of analog signals the module receives from field
devices.

Input Ranges - The minimum to maximum spans in voltage or current the module will
successfully convert to digital values.

Resolution - The number of binary weighted bits available on the digital side of the
module for use in converting the analog value to a digital value.

Input Type - Specifies if the module accepts single ended, or differential input signals.

Input Impedance - The resistive load of the module as seen by a voltage or current input
signal.

Conversion Method - The method the module uses to convert the analog signal to a
digital value.

PLC Update Rate - Speed at which the analog signals are digitized and acknowledged in
the PLC.

Linearity Error - The relative accuracy of the digital representation over the entire input
range.

Maximum Inaccuracy - Maximum absolute error of the digital representation of the signal
over the entire input range. Factors which contribute to maximum inaccuracy are also
specified separately. These factors are full-scale calibration error, offset calibration error,
and accuracy vs. temperature.

Accuracy vs. Temperature - The variations in the module’s conversion accuracy with
temperature over the module’s operating temperature range.

I/0 Points Required - The number of I/0 points the CPU must dedicate to the module.

External Power Source - Some modules require a separate 12VDC or 24VDC power
source. The 24VDC output supply at the local base can be used as long as you do not
exceed the current ratings of 300mA.

Base Power Required - The amount of base current required by the module. Use this value
in your power budget calculations.

Operating Temperature - The minimum and maximum temperatures the module will
operate within.

Relative Temperature - The minimum and maximum humidity the module will operate
within.

Step Response - The time required for an analog input to reach 95% of its final value at the
converter following a step change in the input signal level.
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Analog Output Module Terminology

Channels per Module - The total number of analog signals the module sends to field
devices.

Output Ranges - The minimum to maximum spans in voltage or current the module
outputs, converted from digital values.

Resolution - The number of binary weighted bits available on the digital side of the
module for use in converting the digital value to an analog signal.

Output Current - The maximum current the module will drive using a voltage output
signal.

Output Impedance - The output impedance of the module using a voltage output signal.

Load Impedance - The minimum and maximum resistance the module can drive, specified
for current and voltage output signals.

PLC Update Rate - The speed at which digital values in the PLC are converted to analog
output signals.

Linearity Error - The relative accuracy of the digital representation over the entire output
range.

Maximum Inaccuracy - Maximum absolute error of the digital representation of the signal
over the entire output range. Factors which contribute to maximum inaccuracy are also
specified separately. These factors are full-scale calibration error, offset calibration error,
and accuracy vs temperature.

Accuracy vs. Temperature - The variations in the module’s conversion accuracy with
temperature over the module’s operating temperature range.

External Power - All output modules contain circuitry which is optically isolated from PLC-
side logic. That circuitry requires field-side power from a separate 24VDC power source.
The 24VDC output supply at the local base can be used as long as you do not exceed the
current ratings.

Base Power Required - The amount of base current required by the module. Use this value
in your power budget calculations.

Operating Temperature - The minimum and maximum temperatures the module will
operate within.

Relative Humidity -The range of air humidity over which the module will operate properly.
I/0 Points Required - The number of I/0 points the CPU must dedicate to the module.
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Selecting the Appropriate Module

Wide Variety of Modules

There are a wide variety of analog I/O modules available for use with the DL205 family of
automation products. These modules are well suited for monitoring and controlling various
types of analog signals such as pressure, temperature, etc. No complex programming or

module setup software is required. Simply install the module, add a few lines to the RLL
program. That’s all.

0 O3

Store input
data
L —] Data OUT
Calculate output
Voo
N —
vaies " m
values
H—— ]

Analog input, temperature input and analog output modules are available. These modules
are designed and manufactured by FACTS Engineering. FACTS has been producing feature-
packed products for the DirectLOGIC families (and compatible products) for years! These
modules are readily identifiable by their F2- prefix in the part number.

Diagnostic Features

The DL205 Analog Modules use an on-board microcontroller that automatically monitors

module diagnostics. Missing field-side supply 24VDC voltage or a loose terminal block can
be easily detected.
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The following tables provide a condensed version of the information needed to select the
appropriate module. The most important thing is to simply determine the number of
channels required and the signal ranges that must be supported. Once the parameters have
been determined, look in the specific chapter for the selected module to determine the
installation and operation requirements.

Analog Input Modules

Specification F2-04AD-1, (L) F2-04AD-2, (L) F2-08AD-1 F2-08AD-2
Channels 4 4 8 8
Input Ranges | 4-20mA 2;3";?63,0 v. 4-20mA 2;3";?63,0 v.

12bit(1in 4096), and 12bit(1in 4096), and

Resolution 12bit (1in 4096) 13bit(1in8192) 12bit (1in 4096) 13bit(1in8192)
Input Type Single ended Single ended Single ended Single ended

. +0.5%at25°C(77°F), | £0.1%at25°C(77°F), |%0.1%at25°C(77°F), |£0.1%at25°C(77°F),
Maximum

+0.65% at 0°-60°C +0.3%at 0°-60°C +0.25%at0-60°C | +0.3%at0-60°C

Inaccuracy (32°-140°F) (32°-140°F) (32°-140°F) (32°-140°F)
See Chapter... |2 3 4 5
Special Input
Specification F2-04RTD F2-04THM
Input Channels |4 4
. . 16 bit voltage ranges
Resolution 16 bitinternal 24 bitinternal
TypeJ -190-760.0°C
Pt100Q, -200.0-850.0°C E -210-1000.0°C
(-328-1562°F) K -150-1372.0°C
Pt10000, -200.0-595.0°C R 65-1768.0°C
(-328-1103°F) RWide-0-1768.0°C
Input Ranges Pt1000Q, -38.0-450.0°C S 65-1768.0°C
(-36-842°F) T -230-400.0°C
Cu. 250, Cu.10Q B 529-1820.0°C
-200.0-260.0°C N -70-1300.0°C
(-328-500 °F) C 65-2320.0°C
Input Type Differential Differential
Maximum Input £1.0°C +3.0 °C Temperature
Inaccuracy o +0.02% Voltage
See Chapter... 6 7
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Analog Outpu

Specification F2-02DA-1, (L) F2-02DA-2, (L)
Channels 2 2

0-5V,0-10V,
Output Ranges | 4-20 mA 5V,

+10V
Resolution 12 bit(1in 4096) 12 bit (1in 4096)
Output Type Single ended Single ended
See Chapiter... 8 9

Analog Outpu
Specification F2-08DA-1 F2-08DA-2
8

Channels 8

Output Ranges  |4-20mA 0-5V,0-10V
Resolution 12 bit(1in 4096) 16 bit (1in 4096)
Output Type Single ended Single ended, 1 common
See Chapter... 10 11

Analog Outpu

Specification F2-02DAS-1 F2-02DAS-2
Channels 2 2

Output Ranges  |4-20mA 0-5V,0-10V
Resolution 16 bit (1in 65536) 16 bit (1in 65536)
Output Type Current sourcing Isolated

See Chapiter... 12 13

Combination Analog
Specification F2-4AD2DA F2-8AD4DA-1 F2-8AD4DA-2

Maximum Output Inaccuracy

+0.3% at 0°-60°C (32°-140°F)

+0.1% of range maximum

Input Channels 4 8 8

Output Channels 2 4 4

Input Ranges 4-20mA 0-20mA 0-5V,0-10V

Output Ranges 4-20mA 4-20mA 0-5V,0-10V

Resolution 12 bit (1in 4096) 12-bit, 14 bit or 16 bit; selectable| 12-bit, 14 bit or 16 bit; selectable

Channel Isolation Non-isolated (one common) Isolated (one common) Isolated (one common)

Input and Output Types Single ended Single ended Single ended

Maximum Input Inaccuracy :gigﬂ /f;fg,_cég%gz,_1 40°9) +0.1% of range maximum +0.1% of range maximum
10.1%at 25°C (77°F),

+0.1% of range maximum

See Chapter

14

15

16
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Analog Made Easy - Four Steps

Once the appropriate module has been selected, use the chapter that describes that
module and complete the following steps.

Step 1.

Take a moment to review the detailed I

specifications to be sure the module chosen will s o b

meet the application requirements' esolution 12hit (1in 4096) ;;l;x:w‘:yv4nes>

i e[ o
+ 04% bipolar
at 0°- 267 C (32° - M0°F) | £03%

Step 2.

If applicable, set the module switches and/or
jumpers to select:

¢ Number of channels

e The operating ranges.

Step 3.

Connect the field wiring to the module connector.

Step 4.
Review the module operating characteristics and %

write the control program.
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= Chapter 2: F2-04AD-1, F2-04AD-1L, 4-Channel Analog Current Input

Module Specifications

F2-04AD-1
The F2-04AD-1 analog Input module provides several
hardware features.

+ On-board 250 ohm, 1/2 Watt precision resistors provide
isubstantlal over-current-protection for 4-20mA current
oops.

« Analog inputs are optically isolated from the PLC logic.

+ The module has a removable terminal block so the mod-
ule can be easily removed or changed without discon-
necting the wiring.

« With a D2-240, D2-250-1, D2-260 or D2-262 CPU, all
four channels can be read in one scan.

On-board active analog filtering and RISC-like
microcontroller provide digital signal processing to maintain
precision analog measurements in noisy environments.

F2-04AD-1

18-26.4VDC
mA

o o o | |+

TEFREPETR
s ] = B3
+ ¥ T

O
[
Q)
&)

F2-04AD-1L is Obsolete

e}
T
[~
Iy

A
[
@
(4
(2
w

ANALOG IN
4-20mA

NOTE: In 2009 the F2-04AD- 1L was discontinued. A re-designed F2-04AD-1 was released at the same time which
can be powered by either 12VDC or 24VDC input power supplies. This new module is a direct replacement for
legacy F2-04AD-1 and all F2-04AD-1L modules. The new module is a single circuit board design so the jumper link
locations are different. See “Setting the Module Jumpers” on page 2-6. Also, some specifications were changed on
page 2-3. Otherwise, the re-designed module functions the same as the prior designs.
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All specifications are the same for both modules except for the input voltage requirements.
Review these specifications to make sure the module meets your application requirements.

Input Specifications

Number of Channels

4, single ended (one common)

Input Range 4-20 mA current

Resolution 12 bit (1 in 4096)

Step Response 4.9 ms (*4.0 ms) to 95% of full step change
Crosstalk -80 dB, 1/2 count maximum

Active Low-pass Filtering

-3 dB at 120Hz (*80Hz), 2 poles (-12dB per octave)

Input Impedance

250Q +0.1% 1/2 W current input

Absolute Maximum Ratings

+40mA, current input

Converter type Successive approximation
Linearity Error (End to End) +1 count (0.025% of full scale) maximum
Input Stability +1 count

Full Scale Calibration Error
(Offset error not included)

+12 counts maximum @ 20mA current input

Offset Calibration Error

+7 counts maximum @ 4mA current input

Maximum Inaccuracy

+05% @ 25°C (77°F)
+0.65% 0-60°C (32-140°F)

Accuracy vs. Temperature

+50ppm/°C maximum full scale calibration
(including maximum offset change)

Recommended Fuse (external)

0.032 A, Series 217 fast-acting, current inputs

General Specifications

1 channel per scan maximum (D2-230 CPU)

Input points required

PLC Update Rate 4 channels per scan maximum
(D2-240, D2-250-1, D2-260 or D2-262 CPU)
Digital Inputs 12 binary data bits, 2 channel ID bits, 2 diagnostic bits

16 point (X) input module

Power Budget Requirement

100mA (*50mA maximum, 5VDC (supplied by base)

External Power Supply

F2-04AD-1: 5mA, 10-30 VDC (*80mA max, 18-30 VDC),
F2-04AD-1L: *90mA max, 10-15 VDC

Operating Temperature

0°C to 60°C (32°F to 140°F)

Storage Temperature

-20°C to 70°C (-4°F to 158°F)

Relative Humidity 5-95% (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

NOTE: Values in parenthesis with an asterisk are for older modules with two circuit board design and date codes
0609F3 or previous. Values not in parenthesis are for single circuit board models with date code 0709G or above.
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Analog Input Configuration Requirements
The analog input module will appear as a 16-point discrete input module and can be
installed in any slot of a DL205 system. The available power budget and discrete /O points
are the limiting factors. For more information check the user manual for the CPU model
and 1/O base being used regarding power budget and number of local, local expansion or
remote 1/0O points.

Special Placement Requirements (D2-230 and Remote 1/O Bases)
Even though the module can be placed in any slot, it is important to examine the
configuration if a D2-230 CPU is used, as can be seen in the section about Writing the
Program located in this chapter. V-memory locations are used to extract the analog data.
If the module is placed so the input points do not start on a V-memory boundary, the
instructions cannot access the data. This also applies when placing this module in a remote
base using a D2-RSSS in the CPU slot.

F2-04AD-1
Correct!
T T T TS TS
——] Sloto| Slot1] Slot2| Slot3| Slot4
— 8pt 8pt 16pt 16pt 16pt
: Input Input Input Input Output
0] | xo | Xx10 | x20 | x40 | YO
X7 X17 | X37 X57 | Y17 )
G I G S G G S W G
. . V40400 ‘ V40402
Data is correctly entered so input
ints start V- b d V40401
points start on a V-memory boundary. MSB LSB
HNEEEEEEEEEEEEEN
X X
3 2
7 0
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Incorrect F2-04AD-1

oo oo oo oo

0 Slot 1 Slot 2 Slot 3 Slot 4
o \ﬂiﬁ‘\ R I P
X0 | x10 \so\ X50 | YO
- - - - - D

x7 | x27 | x47 \x67\ Y17 b
SnllallaBlalbhsl

Data is split over two locations, so instructions cannot access data from a D2-230.

MSB V40401 LSB MSB V40400 LSB

(T TTTTITTITTITIT] T T TITI I ITIITT]
X X X X X X X X
3 32 2 1 17 0
7 07 0 7 0

To use the V-memory references required for a D2-230 CPU, the first input address
assigned to the module must be one of the following X locations. The table also shows the
V-memory addresses that correspond to these X locations.

X X0 X20 X40 X60 X100 X120 X140 X160
v V40400 | V40401 V40402 | V40403 | V40404 | V40405 | V40406 | V40407
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Setting the Module Jumpers

Selecting the Number of Channels

There are two jumpers, labeled +1 and +2, that are used to select the number of channels
that will be used. Use the figures below to locate the jumpers on the module. The module is
set from the factory for four channel operation.

The unused channels are not processed, so if only channels 1 thru 3 are selected, then
channel 4 will not be active. The following table shows how to use the jumpers to select the

number of channels.

No. of Channels |+1 +2
1 No No
1,2 Yes No
1,2,3 No Yes

1,2,3,4 Yes Yes

Jumper location on modules having
date code 0609F3 and previous
(two circuit board design)

Jumper +1

These jumpers are located on the

n

motherboard, the one with the black
D-shell style backplane connector.

For example, to select all 4 channels
(1-4), leave both jumpers installed.
To select channel 1, remove both
jumpers

Jumper location on modules having
date code 0709G and above
(single circuit board design)
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Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check them
before starting the installation. Here are some general things to consider:

* Use the shortest wiring route whenever possible.

* Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wirinlg next to large motors, high current switches, or transformers.
This may cause noise problems.

« Route the wiring through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your appli-
cation.

User Power Supply Requirements

A\

The F2-04AD-1 module requires at least one field-side power supply. The same or separate
power sources can be used for the module supply and the current transmitter supply. The
module requires 10-30 VDC, at 5mA, from the external power supply. The DL205 AC bases
have a built-in 24VDC power supply that provide up to 300mA of current. This can be used
instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the voltage and current
requirements, and the transmitter’s minus (-) side and the module supply’s minus (-) side
are connected together.

WARNING: If using the 24VDC base power supply, make sure to calculate the power budget.
Exceeding the power budget can cause unpredictable system operation that can lead to a
risk of personal injury or damage to equipment.

The DL205 base has a switching type power supply. As a result of switching noise, +3-5
counts of instability may be noticed in the analog input data if the base power supply is
used. If this is unacceptable, try one of the following:

1. Use a separate linear power supply.

2. Connect the 24VDC common to the frame ground, which is the screw terminal marked on
the screw terminal marked “G” on the base.

By using these methods, the input stability is rated at + 1 count.
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Current Loop Transmitter Impedance
Standard 4-20 mA transmitters and transducers can operate from a wide variety of power
supplies. Not all transmitters are alike and the manufacturers often specify a minimum loop
or load resistance that must be used with the transmitter.

The F2-04AD-1, provides 250Q) resistance for each channel. If the transmitter being used
requires a load resistance below 250Q), it is not necessary to make any adjustments.
However, if the transmitter requires a load resistance higher than 2500, a resistor will need
to be added in series with the input.

Consider the following example for a transmitter being operated from a 30VDC supply
with a recommended load resistance of 750Q). Since the module has a 250Q resistor, an
additional resistor needs to be added.

R= Tr-Mr R - Resistor to add
R = 750-250 Tr - Transmitter Requirement
R > 500 Mr - Module resistance (internal 250Q))

T~

Two-wire Transmitter
+ - Module Channel 1

+30V l_OCLTWJ
oV Tov 250Q

.

DC Supply R CH1+
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Wiring Diagram
The F2-04AD-1, module has a removable connector to simplify wiring the module. Just
squeeze the top and bottom retaining clips and gently pull the connector from the module.
Use the following diagram to connect the field wiring

Retaining clip
e —
| Internal
Module
Wiring
See NOTE 1 —
1 o o
s}
) [ € —zavpe g8l +15v
—| /:\P §6 — oV
PINE - W 250 ohms 23 15V
CH1 NN _@ o — -
4wire a5/ cht+ l —
4-20mA | +
Transmitter| N— T @
250 ohms (
T s 0 ohms | ¢
- ﬂ? l Eg +24V
3-wire N 53 AtoD _ A
4-20mA | * CH3- ﬁr\\:‘/ @ |_|converter Chi (¢
Transmitter @ 2§9thms s 1 CH1+ @
CH3+ e g — |
CH3 |- ! Py l = CH2- I.
2-wire CHa \éb —
420mA | + 250 ohms q.
Transmitter 1 ':‘2\:' CHa+ W l CH3- @
N JA CH3+
Cha S5 i ql
2-wire CH4—
4-20 mA E—
Transmitter CH4+ ll
Optional ANALOG IN
4-20mA
External | -
- M 4
P/S +

/

Retaining clip

‘E NOTE 1: Shields should be grounded at the signal source.

NOTE 2: More than one external power supply can be used, provided all the power supply commons are connected.

NOTE 3: A Series 217, 0.032 A fast-acting fuse is recommended for 4-20 mA current loops.

NOTE 4: If the power supply common of an external power supply is not connected to 0 VDC on the module,
then the output of the external transmitter must be isolated. To avoid "ground loop” errors, recommended 4-20 mA
transmitter types are:

2 or 3wire: Isolation between input signal and power supply.

4wire:  Isolation between input signal, power supply, and 4-20 mA output.
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Module Operation
Channel Scanning Sequence (Multiplexing) for a D2-230 CPU

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes and represents the analog signals.

The module can supply different amounts of data per scan, depending on the type of CPU
being used. The D2-230 can obtain one channel of data per CPU scan. Since there are four
channels, it can take up to four scans to get data for all channels. Once all channels have
been scanned the process starts over with channel 1. Unused channels are not processed,
so if only two channels are selected, then each channel will be updated every other scan.
The multiplexing method can also be used for the D2-240, D2-250-1, D2-260 and D2-262
CPUs.

Scan

N

| Read Inputs SD{Sztg? (‘3",2{’}
v

Execute Application Program

Read the data ScanN <
B % Scan N+1 <—
Store data Scan N+2 <—

—l ]

B Scan N+3 <—
7 Scan N+4 <—

| Write to Outputs |

- J

N\
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Channel Scanning Sequence (Pointer method) for

D2-240, D2-250-1, D2-260 or D2-262 CPU
If a D2-240, a D2-250-1, a D2-260 or a D2-262 CPU is used, all four channels of input data
can be collected in one scan. This is because the D2-240, D2-250-1, D2-260 and D2-262
CPU supports special V-memory locations that are used to manage the data transfer. This is
discussed in more detail in the section on Writing the Control Program later in this chapter.

Scan
System With

/ ; D2-240, D2-250-1,

| Read Inputs D2-260 or D2-262
v CPU

Execute Application Program
Read the data ScanN €<—| Ch1,2, 3,4

_|

\=

ScanN+1 <— | Ch1,2,3,4

<
Store data Scan N+2 Ch1,2,3.4

_|
ScanN+3 <— | Cch1,2,3,4

v ScanN+4 <= | Ch1, 2, 3,4
| Write to Outputs |

-/

Analog Module Updates
Even though the channel updates to the CPU are synchronous with the CPU scan, the
module asynchronously monitors the analog transmitter signal and converts the signal to
a 12-bit binary representation. This enables the module to continuously provide accurate
measurements without slowing down the discrete control logic in the RLL program.

For the vast majority of applications, the values are updated much faster than the signal
changes. However, in some applications, the update time can be important. The module
takes approximately 4.9 milliseconds to sense 95% of the change in the analog signal.

The conversion to the digital representation takes only a few microseconds. Many manufacturers
list the conversion time, but it is the settling time of the filter that really determines the update
time.

‘E NOTE: This is not the amount of time required to convert the signal to a digital representation.

DL205 Analog I/O Manual, 7th Edition, Rev. H I 2_11


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

= Chapter 2: F2-04AD-1, F2-04AD-1L, 4-Channel Analog Current Input

Understanding the Input Assignments

It was mentioned earlier in this chapter that the F2-04AD-1 module appears as a 16-point
discrete input module to the CPU. These points can be used to obtain:

« An indication of which channel is active
« The digital representation of the analog signal

» Module diagnostic information

Since all input points are automatically mapped into V-memory, it is very easy to determine
the location of the data word that will be assigned to the module.

Within these word locations, the individual bits represent specific information about the

analog signal.

F2-04AD-1
B = = e
o1 sioto | Slot1 Slot2 | Slot3 | Slot4
8_ 8pt 8pt 16pt 16pt 16pt
z Input Input Input Input Output
7 X0 X10 X20 X40 Y0
[ = - - - - -
X7 X17 X37 X57 Y7 ;
(| (| (| (| (| (|
V40400 V40402
V40401
MSB LSB
CITTTTTTTTTITTTTIT
X X X X X
3 g g i Data Bits g
Analog Data Bits
The first twelve bits represent the analog
data in binary format. V40401
Bit Value Bit Value MSB
IIHIIIIIIIIIIIII
0 ! 6 64 111 19876543210
1 2 7 128 54 3 10
2 4 8 256
3 8 9 512 [] = data bits
4 16 10 1024
5 32 11 2048
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Active Channel Indicator Inputs

Two of the inputs are binary-encoded to indicate the V40401
active channel (remember, the V-memory bits are MSB LSB

mapped directly to discrete inputs). The inputs are (TTITTITITITIITITITITI

automatically turned on and off to indicate the active
channel for each scan.

Scan X35 X34 Channel

N Off Off
N+1 Off On
N+2 On Off
N+3 On Off
N+4 Off Off

oW X
AW X
o N X

|:| = channel inputs

- N W DN

Module Diagnostic Inputs

. . . V40401

The last two inputs are used for module diagnostics. MSB LsB
Module Busy - The first diagnostic input (X36 in WM TTITTITTTTIT]
this example) indicates a "busy” condition. This X X X
input will always be active on the first PLC scan, to 52 2
tell the CPU the analog data is not valid. After the

first scan, the input usually only comes on when [[] = Module Busy

extreme environmental (electrical) noise problems

are present, . = Missing 24VDC

The programming examples in the next section shows how this input can be used. The
wiring guidelines shown earlier in this chapter provide steps that can help reduce noise
problems.

Missing 24VDC - The last diagnostic input (X37 in this example) indicates that 24VDC has
not been applied to the card. For example, when using the multiplexing method, if the
24VDC input power is missing or if the terminal block is loose, the module will turn on this
input point and it also returns a data value of zero to further indicate there is a problem.

If using the pointer method, the value placed into the V-memory location will be 8000
instead of bit 15 (i.e. X37 in this example) being set.

The next section, Writing the Control Program, explains how these inputs can be used in a
program.

Module Resolution 4 - 20mA
Since the module has 12-bit resolution, the analog 20mAT — — —
signal is converted into 4096 counts ranging from \
0 - 4095 (212). For example, a 4mA signal would be 0 ‘
and a 20mA signal would be 4095. This is equivalent AmA !
to a a binary value of 0000 0000 0000 to 1111 1111 0 4095
1111, or 000 to FFF hexadecimal. The diagram shows H-L
how this relates to the signal range. 4095
H = high limit of the signal range
L = low limit of the signal range

Resolution =

Each count can also be expressed in terms of the
signal level by using the equation shown.

16mA / 4095 = 3.907uA per count
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Writing the Control Program
Reading Values: Pointer Method and Multiplexing

There are two methods which can be used to read values:

* The pointer method

+ Multiplexing
The multiplexing method must be used when using a D2-230 CPU. The multiplexing
method must also be used with remote I/O modules (the pointer method will not work).

Either method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, but for
ease of programming it is strongly recommended to use the pointer method.

Pointer Method for D2-240, D2-250-1, D2-260 and D2-262

The DL205 series has special V-memory locations assigned to each base slot that will
greatly simplify the programming requirements. These V-memory locations allow you to:

- Specify the data format
« Specify the number of channels to scan
« Specify the storage locations.

— NOTE: D2-250 CPUs with firmware release version 1.06 or later support this method. If the
‘ D2-230 example needs to be used, module placement in the base is very important. Review the
section earlier in this chapter for guidelines.

The example program shows how to setup these locations. Place this rung anywhere in the
ladder program, or in the initial stage if stage programming instructions are being used.
This is all that is required to read the data into V-memory locations. Once the data is in
V-memory, math can be used on the data to compare the data against preset values, and
so forth. V2000 is used in the example but you can use any user V-memory location. In this
example the module is installed in slot 2. Be sure to use the V-memory locations for the
module placement. The pointer method automatically converts values to BCD (depending
on the LD statement in the ladder logic).

|
SPO 5

F———
4{ }77 LD -or- | LD [

K 0400 L K8400 _ |
Loads a constant that specifies the number of channels to scan and
the data format. The upper byte, most significant nibble (MSN)

selects the data format (i.e. 0=BCD, 8=Binary), the LSN selects the
number of channels (i.e. 1, 2, 3, or 4).

The binary format is used for displaying data on some operator
interfaces. The DL230/240 CPUs do not support binary math
functions, whereas the DL250 does.

ouT Special V-memory location assigned to slot 2 that contains the
V7662 number of channels to scan.

This loads an octal value for the first V-memory location that will be
LDA used to store the incoming data. For example, the 02000 entered
02000 here would designate the following addresses.

Ch1 - V2000, Ch2 - V2001, Ch3 - V2002, Ch 4 - V2003

ouT The octal address (02000) is stored here. V7672 is assigned to slot

V7672 2 and acts as a pointer, which means the CPU will use the octal
value in this location to determine exactly where to store the
incoming data.
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The tables below show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or the D2-CM module. Slot 1 is the module two places from
the CPU or the D2-CM, and so on. Remember, the CPU only examines the pointer values at
these locations after a mode transition. Also, if the D2-230 (multiplexing) method is used,
verify that these addresses in the CPU are zero.

The table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.

» » i

BaSe aloQ 1 paule Dt-Uepende Jul pcatio
Slot 0 1 2 3 4 5 6 7
No. of Channels | V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667
Storage Pointer | V7670 | V7671 | V7672 | V7673 | V7674 | V7675 | V7676 | V7677

The table below applies to the D2-250-1, D2-260 or D2-262 expansion base 1.

Expansion Base D2-CM #1: Analog Input Module Slot-Dependent V-memory
Locations

Slot 0 1 2 3 4 5 6 7
No. of Channels | V36000 | V36001 | V36002 | V36003 | V36004 | V36005 | V36006 | V36007
Storage Pointer V36010 V36011 V36012 | V36013 V36014 | V36015 V36016 V36017

The table below applies to the D2-250-1, D2-260 or D2-262 expansion base 2.
Expansion Base D2-CM #2: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of Channels | V36100 | V36101 | V36102 | V36103 | V36104 | V36105 | V36106 | V36107
Storage Pointer | V36110 | V36111 | V36112 | V36113 | V36114 | V36115 | V36116 | V36117

The table below applies to the D2-260 and D2-262 CPU expansion base 3.
Expansion Base D2-CM #3: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of Channels | V36200 | V36201 | V36202 | V36203 | V36204 | V36205 | V36206 | V36207
Storage Pointer | V36210 | V36211 | V36212 | V36213 | V36214 | V36215 | V36216 | V36217

The table below applies to the D2-260 and D2-262 CPU expansion base 4.

Expansion Base D2-CM #4: Analog Input Module Slot-Dependent V-memory
Locations

Slot 0 1 2 3 4 5 6 7
No. of Channels | V36300 | V36301 | V36302 | V36303 | V36304 | V36305 | V36306 | V36307
Storage Pointer | V36310 V36311 V36312 | V36313 V36314 | V36315 V36316 V36317
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Reading Values (Multiplexing) for
D2-230, D2-240, D2-250-1, D2-260 and D2-262 CPUs

The D2-230 CPU does not have the special V-memory locations which will allow data
transfer to be automatically enabled. Since all channels are multiplexed into a single data
word, the control program must be setup to determine which channel is being read. Since
the module appears as X input points to the CPU, it is very easy to use the active channel
status bits to determine which channel is being monitored.

NOTE: This example is for a module installed as shown in the previous examples. The addresses
used would be different if the module was installed in a different I/O arrangement. The rungs can
be placed anywhere in the program, or if stage programming is being used, place them in a stage
that is always active.

| Load Data when Module is not busy

Loads the complete data word into the accumulator.
The V-memory location depends on the /O
configuration. See Appendix A for the memory map.

This instruction masks the channel identification
bits. Without this, the values used will not be correct
so do not forget to include it.

Itis usually easier to perform math operations in
BCD, so it is best to convert the data to BCD
immediately. You can leave out this instruction if your
application does not require it.

Store Channel 1

X36 X34 X35 uT When the module is not busy and X34 and X35 are
4{/}_{/}_{/ VZOOO off, channel 1 data is stored in V2000.

Store Channel 2

X36 X34 X35 When X34 is on and X35 is off, channel 2 data is
4{/}_{ }_{/ V2001 stored in V2001.

Store Channel 3
X36 X34 When X34 is off and X35 is on, channel 3 data is
4{/}_{/}_{ V2002 stored in V2002.

Store Channel 4

X36 X34 X35 When both X34 and X35 are on, channel 4 data is
4{/}_{ H V2003 stored in V2003.

Single Channel Selected

Since it isn't necessary to know which channel is selected, the single channel program is
even more simple as shown in the example below.

| Store Channel 1 when Module is not busy

| X36 X34 X35 Loads the complete data word into the accumulator.
LD
/}_{/}_{/ V40401 The V-memory location depends on the I/0O
configuration. See Appendix A for the memory map.

This instruction masks the channel identification bits.
Without this, the values used will not be correct so do
not forget to include it.

Itis usually easier to perform math operations in BCD,
so it is best to convert the data to BCD immediately.
You can leave out this instruction if your application
does not require it.

ouT When the module is not busy and X34 and X35 are
V2000 off, channel 1 data is stored in V2000.
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Analog Power Failure Detection
The Analog module has an on-board processor that can diagnose analog input circuit
problems. A ladder rung can be edited to detect these problems. This rung shows an
input point that would be assigned if the module was installed as shown in the previous
examples. A different point would be used if the module was installed in a different I/0
arrangement.

Multiplexing method
V2000 KO X37 c1 V-memory location V2000 holds

|

I

‘ | I | channel 1 data. When a data value
‘ | = T [ OUD of zero is returned and input X37 is
\
\
\

on, then the analog circuitry is not
operating properly.

V-memory location V2000 holds

V2000  K8000 Cc1 channel 1 data. When a data value
| = | OU'D of 8000 is returned, then the analog

circuitry is not operating properly.

Scaling the Input Data

Most applications require measurements in U"““%%

engineering units which provides more meaningful

data. This is accomplished by using the conversion U = Engineering Units
formula shown. A= Analog Value (0 - 4095)
Adjustments may be needed to the formula depending H = High limit of the engineering
on the scale being used for the engineering units. unit range

For example, if pressure (psi) is to be measured from L = Low limit of the engineering
0.0 - 99.9 then multiply the value by 10 in order unit range

to imply a decimal place when viewing the value

with the programming software or with a handheld
programmer. Notice how the calculations differ when the multiplier is used.

An analog value of 2024, slightly less than half scale, should yield 49.4 psi.

Example without multiplier Example with multiplier
Units=A H-L Units = 10A H-L
4095 4095
Units = 2024 100-0 Units = 20240 100 -0
4095 4095
Units = 49 Units = 494
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The Conversion Program
The following example shows how to write the program to perform the engineering unit
conversion. This example assumes that the data is in BCD and loaded into the appropriate
V-memory locations using instructions that apply the CPU being used in the PLC.

. INOTE: This example uses SP1, which is always on, but any permissive contact such as, X, C, etc., can be used.

Analog and Digital Value Conversions

SPP LD When SP1 is on, load channel 1 data to the accumulator.
— | V2000
MUL Multiply the accumulator by 1000 (to start the conversion).
1 K1000
DIV Divide the accumulator by 4095.
| K4095
‘ ouT Store the result in V2010.
‘ —1 V2010

Sometimes it is useful to be able to quickly convert between the signal levels and the
digital values. This is especially helpful during machine startup or troubleshooting. The
following table provides formulas to make this conversion more simple.

If the digital value is If the analog signal level is

known known.
A=16D +4 D = 4095 (A- 4)
e 4095 16

As an example, if the measured signal is T0mA,

the formula can be used to easily determine D = 4095 (A -4)

the 16

digital value that will be stored in the D = 4095 (10mA — 4)
V-memory 16

location that contains the data.
D = (255.93) (6)

D = 1536
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Filtering Input Noise for D2-250-1, D2-260 and D2-262 CPUs Only

Add the following logic to filter and smooth analog input noise in D2-250-1, D2-260 and
D2-262 CPUs. This is especially useful when using PID loops. Noise can be generated by
the field device and/or induced by field wiring.

In the following example, the analog value in BCD is first converted to a binary number.
Memory location V1400 is the designated work space in this example. The MULR
instruction is the filter factor, which can be from 0.1 to 0.9. The example uses 0.2. A
smaller filter factor increases filtering. A higher precision value can be used, but it is not
generally needed. The filtered value is then converted back to binary and then to BCD.
The filtered value is stored in location V1402 for use in your application or PID loop.

NOTE: Please review intelligent instructions (IBox) in Chapter 5 of D2-USER-M, which simplify this and other
functions. The IBox instructions are supported by the D2-250-1, D2-260 and D2-262 CPUs.

NOTE: Be careful not to do a multiple number conversion on a value. For example, if you are using the pointer method
to get the analog value, it is in BCD and must be converted to binary. However, if you are using the conventional
method of reading analog and are masking the first twelve bits, then it is already in binary and no conversion using
the BIN instruction is needed.

SP1 Loads the analog signal, which is a BCD value

|| \L/E2)OOO and has been loaded from V-memory location

[ V2000, into the accumulator. Contact SP1 is
always on.

Converts the BCD value in the accumulator to
| BIN binary. Remember, this instruction is not
needed if the analog value is originally

brought in as a binary number.

Converts the binary value in the accumulator
BTOR to a real number.

Subtracts the real number stored in location
SUBR V1400 from the real number in the accumulator,
V1400 and stores the result in the accumulator. V1400

is the designated workspace in this example.

MULR Multiplies the real number in the
7 accumulator by 0.2 (the filter factor),
. and stores the result in the

accumulator. This is the filtered value.
Adds the real number stored in

ADDR location V1400 to the real number

V1400 filtered value in the accumulator, and
stores the result in the accumulator.
Copies the value in the accumulator to

OUTD location V1400.

V1400

Converts the real number in the

7@ accumulator to a binary value, and
stores the result in the accumulator.
Converts the binary value in the accumulator
BC to a BCD number. Note: The BCD instruction
is not needed for PID loop PV (loop PV is a
binary number).

D
Loads the BCD number filtered value from
| ouT the accumulator into location V1402 to use in
| V1402 your application or PID loop.
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Module Specifications

F2-04AD-2 ANALOG

The F2-04AD-2 analog Input module provides several
hardware features.

. /lAnang inputs are optically isolated from the PLC
ogic.

+ The module has a removable terminal block so the 2012
module can be easily removed or changed with-
out disconnecting the wiring.

» With a D2-240, D2-250-1, D2-260 and D2-262
CPU, all four channels can be read in one scan.

« On-board active analog filtering and microcontrol-
ler provide digital signal processing to maintain
precision analog measurements in noisy environ-
ments..

Q
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ANALOG IN

F2-04AD-2L is Obsolete G

F2-04AD-2

NOTE: In 2009 the F2-04AD-2L was discontinued. A re-designed F2-04AD-2 was released at
fha the same time which can be powered by either 12VDC or 24VDC input power supplies. This
‘E new module is a direct replacement for prior F2-04AD-2 and all F2-04AD-2L modules. The new
module is a single circuit board design and the jumper link locations are different. See Setting the
Module Jumpers on page 3-5. Also, some specifications were changed on page 3-3. Otherwise, the
re-designed module functions the same as the prior designs.

Analog Input Configuration Requirements

The F2-04AD-2 analog input module requires 16 discrete input points and can be installed
in any slot of a DL205 system. The available power budget and discrete 1/0 points are the
limiting factors. For more information regarding power budget and number of local, local
expansion or remote 1/O points, check the user manual for the particular CPU model and
1/0 base being used.
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All specifications are the same for both modules except for the input voltage requirements.
Review these specifications to make sure the module meets your application requirements.

Input Specifications

Number of Channels 4, single ended (one common)
Input Range 0-5VDC, 0-10 VDC, #5V, +10V
Resolution 12 bit (1 in 4096) unipolar (0-4096)

13 bit (1 in 8192) bipolar (-4095 to +4095)

Common Mode Rejection

- 50db at 800Hz

Step Response 8.2 ms (*10ms) to 95% of full step change
Crosstalk -70db, 1 count maximum

Active Low-pass Filtering -3 db at 80Hz, 2 poles (-12db per octave)
Input Impedance Greater than 20MQ

Absolute Maximum Ratings +75VDC

Converter Type

Successive approximation

Linearity Error (End to End)

+ 1 count (0.025% of span) maximum unipolar
+ 2 counts maximum bipolar

Input Stability

+ 1 count

Full Scale Calibration Error
(Offset error included)

+ 3 counts maximum

Offset Calibration Error

+ 1 count maximum (OV input)

Maximum Inaccuracy

+0.1% @ 25°C (77°F)
+0.3% 0-60°C (32-140°F)

Accuracy vs. Temperature

+ 50ppm / °C full scale calibration change (including maximum
offset change of 2 counts)

PLC Update Rate

General Specifications

1 channel per scan maximum (D2-230 CPU)
4 channels per scan maximum (D2-240/D2-250-1/D2-260/D2-262
CPU)

Digital Inputs
Input points required

12 binary data bits, 2 channel ID bits, 1 sign/diagnostic bit,
1 diagnostic bit

16 point (X) input module

Power Budget Requirement

110mA (*60mA maximum, 5VDC (supplied by base)

External Power Supply

F2-04AD-2: 5mA, 10-30 VDC (*90mA max, 18-26.4 VDC)
F2-04AD-2L: *90mA max, 10-15 VDC

Operating Temperature

0°C to 60°C (32°F to 140°F)

Storage Temperature

-20°C to 70°C (-4°F to 158°F)

Relative Humidity 5-95% (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

NOTE: Values in parenthesis with an asterisk are for older modules with two circuit board design and date codes
0609F4 and previous. Values not in parenthesis are for single circuit board models with date code 0709G and above.
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Special Placement Requirements (D2-230 and Remote I/O Bases)
Even though the module can be placed in any slot, it is important to examine the
configuration if a D2-230 CPU is used, as can be seen in the section about Writing the
Program, located in this chapter. V-memory locations are used to extract the analog data.
If the module is placed so the input points do not start on a V-memory boundary, the

instructions cannot access the data. This also applies when placing this module in a remote
base using a D2-RSSS in the CPU slot.

F2-04AD-2
Correct =)
I oy oy Dy O oy o B
58 EE EH] 88 g8 g8
= oo oo =2 =1
oo oo oo oo =R -1
g_ Slot 0 Slot 1 Slot 2 Slot 3 Slot 4
[e) 8pt 8pt 16pt 16pt 16pt
o | Input Input Input Input Output
] X0 X10 X20 | X40 Y0
X7 X17 X37 | Xs57 | Y17
(| (| (| (| (| (|
. . V40400 | vaoa02 V40500
Data is correctly entered so input V40401
points start on a V-memory boundary. MSB LSB
X X
3 2
7 0
Incorrect F2-04AD-2
i o 0y 5= o B %ﬁ

| siet0~] siot1 | sot2 | siots | siots
8pt \«m\ 16pt 16pt 16pt
Input Input Input Input Output
X0 X10 \@K X50 Yo
X7 X27 | x47 \«sk viz
Data is split over two locations, so instructions cannot access data from a D2-230.

MSB V40401 LSB MSB /40400 LsB
(IITTTTITTITITITT] [T TTTTITITITIT]
X X X X X X X X
3 32 2 1 17 0
7 07 0 7 0

To use the V-memory references required for a D2-230 CPU, the first input address
assigned to the module must be one of the following X locations. The table also shows the
V-memory addresses that correspond to these X locations.

X X0 X20 X40 X60 X100 X120 X140 X160
\4 V40400 | V40401 | V40402 | V40403 | V40404 | V40405 | V40406 | V40407
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Setting the Module Jumpers

Selecting the Number of Channels

There are two jumpers, labeled +1 and +2, that are used to select the number of channels
that will be used. Use the figures below to locate the jumpers on the module. The module
is set from the factory for four channel operation.

The unused channels are not processed, so if only channels 1 through 3 are selected, then
channel 4 will not be active. The following table shows how to place the jumpers to select
the number of channels.

No. of Channels | +1 | +2 For example, to select all 4 channels
1 No | No (1 - 4), leave both jumpers installed. To
1,2 Yes | No select channel 1, remove both jumpers
1,2,3 No | Yes
1,2,3,4 Yes | Yes

Yes = jumper installed
No = jumper removed

Jumper location on modules having Jumper location on modules having
Date Code 0609F4 and previous Date Code 0709G and above
(two circuit board design) (single circuit board design)

W Use jumpers

+1 and +2 to
select number
of channels.

+1 +2

Jumper +1

These jumpers are located on the 00
motherboard, the one with the black
D-shell style backplane connector.
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Selecting the Input Signal Range

There is another jumper, labeled either J2 or J3 that is used to select between the 5V
ranges and the 10V ranges (depending whether it is a single or double circuit board

module). See the figures below to locate the jumper on the module being used. The
module comes from the factory set for 10V operation (jumper not installed).

‘E Note: Install jumper J2 or J3 for 0-5 V or 5V operation.

Remove J2 or J3, or store on a single pin, for 0-10 V or + 10V operation.

Jumper ]2 location on modules having
Date Code 0609F4 and previous
(two circuit board design)

Jumper J2

Jumper J2 is located on the smaller
circuit board, which is on top of the
motherboard.

Install J2 for 0-5 V or 5V operation.
Remove J2, or store on a single pin, for 0—10
V or +10V operation.
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J

Install J3 for 0-5 V or +5V
operation. Remove J3, or store on a
single pin, for 0-10 V or +10V operation.



https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 3: F2-04AD-2, F2-04AD-2L, 4-Channel Analog Voltage Input -

Connecting the Field Wiring

Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check them
before starting the installation. Here are some general things to consider:
 Use the shortest wiring route whenever possible.

* Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

» Route the wiring through an approved cable housin% to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

User Power Supply Requirements

A

The F2-04AD-2 module requires at least one field-side power supply. The same or separate
power sources can be used for the module supply and the voltage transmitter supply. The
module requires 10-30 VDC, at 5mA, from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the voltage and current
requirements, and the transmitter’'s minus (-) side and the module supply’s minus (-) side
are connected together.

WARNING: If the 24VDC base power supply is used, Be sure to calculate the power budget.
Exceeding the power budget can cause unpredictable system operation that can lead to a
risk of personal injury or damage to equipment.

The DL205 base has a switching type power supply. As a result of switching noise, +3-5
counts of instability may be noticed in the analog input data if this power supply is used. If
this is unacceptable, try using one of the following.

1. Use a separate linear power supply.

2. Connect the 24VDC common to the frame ground, which is the screw terminal marked on
the screw terminal marked “G"” on the base.

3. By using these methods, the input stability is rated at +1 count.
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Custom Input Ranges
At times, there may be a need to connect a (current) transmitter with an unusual signal
range. By changing the wiring slightly and adding an external resistor to convert the
current to voltage, the module can be easily adapted to meet the specifications for a
transmitter that does not adhere to one of the standard input ranges. The following
diagram shows how this can be done. The example below only shows channel 1, but the
other channels can be used as well.

Module internal circuitry
ov oV log oY
30— +15v
o
Field wiri 24V HVISSL ov
iela wiring £e)
— -15V
IN + CH1
+
IN - Z|
50 mA Current R CH2 | & AtoD
Transmitter Q Converter,
[0 —
- 2
5
CH3| 7
CH4
R = vma.x
ov
I max E—

R = value of external resistor
Vi = high limit of selected voltage range (5V or 10V)

Lo = maximum current supplied by the transmitter

Example: current transmitter capable of 50mA, 0-10 V range selected.

R = 10\r’nA R = 200Q
50

‘E NOTE: The choice of resistor can affect the accuracy of the module. A resistor that has + 0.1% tolerance and
a+ 50 ppm/°C temperature coefficient is recommended.

If a 4-20 mA signal is used and converted to voltage using this method, a broken
transmitter condition can easily be detected. For example, if using the 0-5V range and the
lowest signal for the 4-20 mA transmitter is 4mA, the lowest digital value for the signal is
not O, but instead is 819.

If the transmitter is working properly, the smallest value would be 819 in the DL205. If the
value is less than about 750 (allowing for tolerance), then the transmitter is broken.
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Wiring Diagram
The module has a removable connector to simplify wiring the module. Just squeeze the
top and bottom retaining clips and gently pull the connector from the module. Use the
following diagram to connect the field wiring

Retaining clip

e —
. » 18-264VDC | Internal
Typical User Wiring

I N Module
Wiring
See NOTE 1 [ —
ovbe w < ey ]
[ @FJ 24VDC B
ERS]
- + — 2 OF— 0V N X
. ) F2-04AD-2
CH1 \_/\__@ — -15V
Voltage . CH1 + - —
Transmitter -
CH2- \%1:/ . ; .
’ < : O
e aa o2 | S [ awd 2
T | ?—!3\ S) 2 | |comerer CHI- (:
CH1
o e +
+ CHe-
- oD .
Voltage
Transmiter [ \“b % o CH3- ¢
. 9 qp‘
CH4 L I
Voltage . CHa+
Transmitter
IN
I
\
| o
L

Retaining clip

‘E NOTE: Shields should be grounded at the signal source.
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Module Operation
Channel Scanning Sequence (Multiplexing) for a D2-230 CPU

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes and represents the analog signals.

Depending on the type of CPU being used, the module can supply different amounts of
data per scan. The D2-230 can obtain one channel of data per CPU scan. Since there are
four channels, it can take up to four scans to get data for all channels. Once all channels
have been scanned the process starts over with channel 1. Unused channels are not
processed, so if only two channels are selected, then each channel will be updated every
other scan. The multiplexing method can also be used for the D2-240, 250-1, D2-260 and
D2-262 CPUs.

Scan

System With
| Read Inputs DL230 CPU
v
Execute Application Program
Read the data ScanN <— |Channel 1
_|
Scan N+1 < Channel 2
Store data Scan N+2 <~ |Channel 3
H—— ]
Scan N+3 <— |Channel 4

7 Scan N+4 <—

| Write to Outputs |

-/

N\
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Channel Scanning Sequence (Pointer method) for
D2-240, D2-250-1, D2-260 or D2-262 CPUs

If either a D2-240, a D2-250-1, a D2-260 or a D2-262 CPU are used, all four channels of
input data can be collected in one scan. This is because the D2-240, D2-250-1, D2-260

and D2-262 CPUs support special V-memory locations that are used to manage the data
transfer. This is discussed in more detail in the section on Writing the Control Program later
in this chapter.

Scan

/ ¥ System With

| Read Inputs D2-240, D2-250-1,
7 D2-260 or D2-262 CPU

Execute Application Program

Read the data ScanN €<—| Ch1,2,3,4
_|
ScanN+1 <—1| Cch1,2,3,4

Store data ScanN+2 <—|Ch1,2,3,4

\=

_|
ScanN+3 €<— [ Ch 1,2, 3,4
v ScanN+4 <— | Ch1, 2, 3,4

| Write to Outputs |

-/

Analog Module Updates

Even though the channel updates to the CPU are synchronous with the CPU scan, the
module asynchronously monitors the analog transmitter signal and converts the signal to
a 12-bit binary representation. This enables the module to continuously provide accurate
measurements without slowing down the discrete control logic in the RLL program.

For the vast majority of applications, the values are updated much faster than the signal
changes. However, in some applications, the update time can be important. The module
takes approximately 8.2 milliseconds to sense 95% of the change in the analog signal.

NOTE: This is not the amount of time required to convert the signal to a digital representation. The conversion to the
digital representation takes only a few microseconds. Many manufacturers list the conversion time, but it is the settling
time of the filter that really determines the update time.
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Understanding Input Assignments

It was mentioned earlier in this chapter that the F2-04AD-2 module appears as a 16-point
discrete input module to the CPU. These points can be used to obtain:

« An indication of which channel is active

« The digital representation of the analog signal

» Module diagnostic information
Since all input points are automatically mapped into V-memory, it is very easy to determine
the location of the data word that will be assigned to the module.

Within these word locations, the individual bits represent specific information about the
analog signal.

F2-04AD-2
R R ===
=11 == oo =5-1 =81 =1
5] sloto | Slot1 Slot2 | Slot3 | Slot4
8_ 8pt 8pt 16pt 16pt 16pt
E Input Input Input Input Output
] X0 X10 X20 X40 Yo
X7 X17 X37 X57 v7
[ — — — — —
V40400 | vaos02
V40401
MSB LSB
(ITITTTTITTITTITITITIIT]
X X X X X
3 2 g 2 Data Bits g
Analog Data Bits
The first twelve bits represent the analog
data in binary format. V40401
Bit Value  Bit  Value LI TTITTITITII LD
0 1 6 64 17111119876543210
1 2 7 128 543210
2 4 8 256 [] = data bits
3 8 9 512
4 16 10 1024
5 32 11 2048
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Active Channel Indicator Inputs

Two of the inputs are binary-encoded to
indicate the active channel (remember,
the V-memory bits are mapped

directly to discrete inputs). The inputs
automatically turn on and off to indicate
the current channel for each scan.

Scan X35 X34 Channel

N Off Off
N+1 Off On
N+2 On off
N+3 On On
N+4 Off Off

- w N

Module Diagnostic and Sign Inputs

The last two inputs are used for module
diagnostics.

Module Busy - The first diagnostic input
(X36 in this example) indicates a "busy”
condition. This input will always be active
on the first PLC scan, to tell the CPU the
analog data is not valid. After the first
scan, the input usually only comes on
when extreme environmental (electrical)
noise problems are present.

V40401
MSB LSB
X X X
33 2
54 0
[] = channelinputs
V40401
MSB LSB
W[ [TTTTTTTTTT]
X X X
33 2
7 6 0

= diagnostic and sign

[] = Module Busy
[ |

The last input (X37 in this example) is used for two purposes.

Signal Sign - When using bipolar ranges the value returned needs to be known if it is either
positive or negative. When this input is off, the value stored represents a positive analog
signal (OV or greater). If the input is on, then the value stored represents a negative input

signal (less than 0V).

Channel Failure - The last diagnostic input can also indicate an analog channel failure. For
example, if the 24VDC input power is missing or if the terminal block is loose, the module
will turn on this input point and also returns a data value of zero (remember, if this input is
on and the data value is not equal to zero, then it is just showing the sign).

The next section, Writing the Control Program, shows how these inputs can be used in a

program.
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Module Resolution

Since the module has 12-bit unipolar resolution, Unipolar Bipolar

the analog signal is converted into 4096 counts Ranges Ranges
ranging from 0 - 4095 (212). For example, with VT T T T VT T

a 0-10 V scale, a OV signal would be 0 and a } ﬁ
10V signal would be 4095. This is equivalent to | o |
a binary value of 0000 0000 0000 to 1111 1111 \ \
1111, or 000 to FFF hexadecimal. The diagram LV J

0 4095 -4095 0 4095

shows how this relates to the signal range.

Each count can also be expressed in terms of the Unipolar Resolution = %
signal level by using the equation shown. HoL
8191
H or L = high or low limit of the range

Bipolar Resolution =

Each count can also be expressed in terms of the
signal level by using the equation shown.

The following table shows the smallest detectable signal change that will result in one LSB
change in the data value for each input signal range.

Voltage Range Slgr(ll_aligp an Divide By Smalleg;?:;zctable
0 to +10V 10V 4095 244 mV
-10V to +10V 20V 8191 244 mV
0 to +5V 5V 4095 1.22mV
-5V to +5V 10V 8191 1.22mV
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Writing the Control Program
Reading Values: Pointer Method and Multiplexing

There are two methods of reading values:

 The pointer method

* Multiplexing
The multiplexing method must be used when using a D2-230 CPU. The multiplexing
method must also be used with remote I/O modules (the pointer method will not work).

Either method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, but for
ease of programming it is strongly recommended to use the pointer method.

Pointer Method for the D2-240, D2-250-1, D2-260 and D2-262 CPUs
The DL205 series has special V-memory locations assigned to each base slot that will
greatly simplify the programming requirements. These V-memory locations allow you to:

« Specify the data format
« Specify the number of channels to scan
« Specify the storage locations.

‘E NOTE: D2-250 CPUs with firmware release version 1.06 or later support this method. If the D2-230 example needs
to be used, module placement in the base is very important. Review the section earlier in this chapter for guidelines.

The example program shows how to setup these locations. Place this rung anywhere in the
ladder program, or in the initial stage if stage programming instructions are being used.
This is all that is required to read the data into V-memory locations. Once the data is in
V-memory, math can be used on the data, compare the data against preset values, and so
forth. V2000 is used in the example but you can use any user V-memory location. In this
example the module is installed in slot 2. Be sure to use the V-memory locations for the
module placement. The pointer method automatically converts values to BCD (depending
on the LD statement in the ladder logic).

|
SPO

r———7n1
4{ }77 LD -or- | LD ‘
K0400 L K8400 _ |
Loads a constant that specifies the number of channels to scan and
the data format. The upper byte, most significant nibble (MSN)

selects the data format (i.e. 0=BCD, 8=Binary), the LSN selects the
number of channels (i.e. 1, 2, 3, or 4).

The binary format is used for displaying data on some operator
interfaces. The D2-230/240 CPUs do not support binary math
functions, whereas the D2-250-1, D2-260, and D2-262 do.

ouT Special V-memory location assigned to slot 2 that contains the
V7662 number of channels to scan.

This loads an octal value for the first V-memory location that will be
LDA used to store the incoming data. For example, the 02000 entered
02000 here would designate the following addresses.

Ch1 -V2000, Ch2 - V2001, Ch3 - V2002, Ch 4 - V2003

The octal address (02000) is stored here. V7672 is assigned to slot
2 and acts as a pointer, which means the CPU will use the octal
value in this location to determine exactly where to store the
incoming data.

out
V7672

DL205 Analog 1/0 Manual, 7th Edition, Rev. H I 3_1 5


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

= Chapter 3: F2-04AD-2 , F2-04AD-2L, 4-Channel Analog Voltage Input

The tables below show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these

locations after a mode transition. Also, if you use the D2-230 (multiplexing) method, verify
that these addresses in the CPU are zero.

The Table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.
CPU Base: Analog Input Module Slot-Dependent V-memory Locations

Slot 0 1 2 3 4 5 6 7
No. of

Channels V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667
Storage Pointer| /7670 | V7671 | V7672 | V7673 | V7674 | V7675 | V7676 | V7677

The Table below applies to the D2-250-1, D2-260 or D2-262 CPU base 1.

Expansion Base D2-CM #1: Analog Input Module Slot-Dependent V-memory Locations
Slot 0 1 2 3 4 5 6

7
No. of V36000 V36001 V36002 V36003 V36004 V36005 V36006 V36007
Channels
Storage Pointer| V36010 | V36011 V36012 | V36013 | V36014 | V36015 | V36016 | V36017

The Table below applies to the D2-250-1, D2-260 or D2-262 CPU base 2.

Expansion Base D2-CM #2: Analog Input Module Slot-Dependent V-memory Locations

Slot 0 1 2 3 4 5 6 7
No. of

Chao V36100 | V36101 V36102 V36103 V36104 | V36105 V36106 V36107
Storage Pointer| V36110 V36111 V36112 V36113 V36114 V36115 V36116 V36117

The Table below applies to the D2-260 or D2-262 CPU base 3.

Expansion Base D2-CM #3: Analog Input Module Slot-Dependent V-memory Locations
Slot 0 1 2 3 4 5 6 7

No. of
Channels V36200 | V36201 V36202 | V36203 | V36204 | V36205 | V36206 | V36207
Storage Pointer| V36210 | V36211 V36212 | V36213 | V36214 | V36215 | V36216 | V36217

The Table below applies to the D2-260 or D2-262 CPU base 4.

Expansion Base D2-C og Input Module Slot-Depenc
Slot 0 1 2 3 4 5 6 7
No. of
Channels V36300 | V36301 | V36302 | V36303 | V36304 | V36305 | V36306 | V36307
Storage Pointer| V36310 | V36311 | V36312 | V36313 | V36314 | V36315 | V36316 | V36317
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Using Bipolar Ranges (Pointer Method) for
D2-240, D2-250-1, D2-260 and D2-262 CPUs

Some additional logic is needed with bipolar ranges to determine whether the value

being returned represents a positive voltage or a negative voltage. For example, the user
may need to know the direction of a motor. With the D2-240, D2-250-1, D2-260, and
D2-262 CPUs, the last input cannot be used to show the sign for each channel (X37 in the
previous examples). This is because the pointer method reads all four channels in one scan.
Therefore, if X37 were used, it would not be possible to determine if the first three channels
returned negative voltage. Only the last channel can be checked to determine if it returned
a negative voltage. A simple solution is to check if the returned value is greater than or
equal to 8001. If it is greater than or equal to 8001 the returned value is negative.

The sign bit is the most significant bit, which combines 8000 with the data value. If the
value is greater than or equal to 8001, only the most significant bit and the active channel
bits will need to be masked to determine the actual data value.

The following program shows how to accomplish this. Since a negative value is always
meant to be known, these rungs should be placed before any other operations that

use the data, such as math instructions, scaling operations, and so forth. Also, if stage
programming instructions are being used, place these rungs in a stage that is always active.
Please note, this logic is only needed for each channel that is using bipolar input signals.
The following example only shows two channels.

‘ Check Channel 1

SP1 Load channel 1 data from V-memory into the

—{ ‘ \L/BOOO accumulator. Remember, the data can be negative.
Contact SP1 is always on.
ANDD This instruction masks the sign bit of the BCD data if it
K7FFF is set. Without this step, negative values will not be

correct, so do not forget to include it.

Put the actual signal value in V2020. Now you can use

\%J()Tzo the data normally.
V2000 K8001 C1 ) . i
I oU Channel 1 data is negative when C1 is on (a value of -1
| > D reads as 8001, -2 is 8002, etc.).
\
|
I
| Check Channel 2
SP1 LD Load channel 2 from V-memory into the accumulator.
—{ } V2001 Remember, the data can be negative. Contact SP1 is
always on.
ANDD This instruction masks the sign bit of the BCD data if it
K7EFF is set. Without this step, negative values will not be
correct, so do not forget to include it.
ouT Put the actual signal value in V2021. Now you can use
V2021 the data normally.
} V2001 K8001 Cc2
| I oU Channel 2 data is negative when C2 is on (a value of -1
‘ | =1 D reads as 8001, -2 is 8002, etc.).
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Reading Values (Multiplexing) for
D2-230, D2-240, D2-250-1, D2-260 and D2-262 CPUs

The D2-230 CPU does not have the special V-memory locations which will allow data
transfer to be automatically enabled. Since all channels are multiplexed into a single data
word, the control program must be setup to determine which channel is being read.
Since the module appears as 16 X input points to the CPU, it is very easy to use the active
channel status bits to determine which channel is being monitored.

INOTE: This example is for a module installed as shown in the previous examples. The addresses used would
‘ be different if the module is installed in a different I/0 arrangement. The rungs can be placed anywhere in the
program, or if stage programming is being used, place them in a stage that is always active.

| Load Data when Module is not busy

| X36 Loads the complete data word into the accumulator.
_|/| {-/20401 The V-memory location depends on the /O
[ configuration. See Appendix A for the memory map.
ANDD This instruction masks the channel identification
KFFF bits. Without this, the values used will not be correct
so do not forget to include it.
BCD It is usually easier to perform math operations in
BCD, so it is best to convert the data to BCD
immediately. You can leave out this instruction if your
application does not require it.
Store Channel 1
X36 X34 X35 ouT When the module is not busy and X34 and X35 are
_|/I I/I I/I V2000 off, channel 1 data is stored in V2000.
Store Channel 2
X36 X34 X35 ouT When X34 is on and X35 is off, channel 2 data is
Store Channel 3
X36 X34 X35 ouT When X34 is off and X35 is on, channel 3 data is
_|/I I/I I I V2002 stored in V2002.
Store Channel 4
X36 X34 X35 ouT When both X34 and X35 are on, channel 4 data is
_|/I I I I I V2003 stored in V2003.
I
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Single Channel Selected

The single channel program makes it easy to determine which channel has been selected.

| Store channel 1 when module is not busy.
| X36 X34 X35

A

LD
V40401

ANDD
KFFF

‘ BCD

ouT
V2000

Using Bipolar Ranges (Multiplexing)

Loads the complete data word into the accumulator.
The V-memory location depends on the 1/O
configuration. See Appendix A for the memory map.

This instruction masks the channel identification bits.
Without this, the values used will not be correct, so do
not forget to include it.

Itis usually easier to perform math operations in BCD,
so it is best to convert the data to BCD immediately.
You can leave out this instruction if your application
does not require it.

When the module is not busy and X34 and X35 are off,
channel 1 data is stored in V2000.

Some additional logic is needed with bipolar ranges to determine whether the value being

returned represents a positive voltage or a negative voltage. For example, the direction of a
motor may be needed to be known. Since the D2-230 only reads one channel per scan, the
last input can be used to show the sign (X37 in the examples).

The following program shows how to accomplish this. Since a negative value is always
needed to be known, these rungs should be placed before any other operations that

use the data, such as math instructions, scaling operations, and so forth. Also, if stage
programming instructions are being used, place these rungs in a stage that is always active.
Please note, this logic is only needed for each channel that is using bipolar input signals.
The following example only shows two channels but the rungs can be repeated for all four

channels if needed.

| Load data when module is not busy.

| X36
LD
#/} V40401
ANDD
—1 KFFF
BCD
Store Channel 1 —
X36 X34 X35
| ouT
/1 V2000
co
4<RSD
X37 Cco
Store Channel 2 4{ }—CSE
X36 X34 X35
| ouT
—/H /1 V2001
C1
4<RSD
X37 C1

H e

Loads the complete data word into the
accumulator. The V-memory location depends
on the I/O configuration. See Appendix A for
the memory map.

This instruction masks the channel identification
bits. Without this, the values used will not be
correct, so do not forget to include it.

It is usually easier to perform math operations in
BCD, so it is best to convert the data to BCD
immediately. You can leave out this instruction if
your application does not require it.

When the module is not busy and X34 and X35
are off, channel 1 data is stored in V2000. CO is
reset to indicate channel one’s value is positive.

If X37 is on, then the data value represents a
negative voltage. CO is set to indicate channel 1’s
value is negative.

When the module is not busy, and X34 is on
and X35 is off, channel 2 data is stored in
V2001. C1 is reset to indicate that channel 2's
value is positive.

If X37 is on, then the data value represents a
negative voltage. C1 is set to indicate that
channel 2’s value is negative.
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Using 2's Complement (Multiplexing) for
D2-230, D2-240, D2-250-1, D2-260 and D2-262 CPUs

The 2's complement data format may be required to display negative values on some
operator interface devices. It could also be used to simplify data averaging on bipolar

signals.
The example shows two channels, but these steps can be repeated for all four channels if
necessary.
| Load data when module is not busy.
| X36 LD Loads the complete data word into the accumulator.
4{/\ V40401 The V-memory location depends on the 1/O
‘ configuration. See Appendix A for the memory map.
ANDD This instruction masks the channel identification bits.
Without this, the values used will not be correct, so
KFFF f .
do not forget to include it.

Store Channel 1

X36 X34 X35 When the module is not busy and X34 and X35 are

—{/}—{/}—{/} ouT off, channel 1 data is stored in VV2000. CO is reset to
V2000 indicate that channel 1’s value is positive.
co
L (RsD)
37 Cco If X37 is on, then the data value represents a
}—CSED negative voltage. CO is set to indicate that channel

1’s value is negative.

X

INV Invert the bit pattern in the accumulator.

BCD

_| ADDD
K1

X36 X34 X35

—{/}—{/}—{/}7 OUTD Channel 1 data is in double word starting at V2040.

V2040

Store Channel 2

X36 X34 X35 When the module is not busy and X34 is on and X35

4{/}—{ }—{/i SZUO-EH is off, channel 2 data is stored in V2001. C1 is reset

to indicate channel 2’s value is positive.

C1
HRS?
X37 C1 If X37 is on, then the data value represents a
}, (SED negative voltage. C1 is set to indicate that channel
2's value is negative.
Invert the bit pattern in the accumulator.
L| INV
| BCD
L| ADDD
K1
X36 X34 X35
OuUTD is i i
‘—{/}—{ }—{/}7 V2042 Channel 2 data is in double word starting at V2042.
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Analog Power Failure Detection
The analog module has a microcontroller which can diagnose analog input circuit
problems. A ladder rung can be added to program to detect these problems. This rung
shows an input point that would be assigned if the module was used as shown in the
previous examples. A different point would be used if the module was installed in a
different /O configuration.

Multiplexing method

\
‘ V2000 KO X37 co V-memory location V2000 holds

‘ — | |1 -~ channel 1 data. When a data value
i | [ \OU-D of zero is returned and input X37 is
\

\

\

on, then the analog circuitry is not
operating properly.

Pointers method

\
; V2000 K8000 co V-memory location V2000 holds

| = | /7 channel 1 data. When a data value
1T (ouD
\
\
\

of 8000 is returned, then the analog
circuitry is not operating properly.

Scaling the Input Data
Most applications usually require measurements in Units= A H=L
engineering units which provides more meaningful 4
data. This is accomplished by using the conversion
formula shown.

U = Engineering Units

. . A = Analog Value (0 - 4095
Adjustments may be needed to the formula depending nalog Value { )

on the scale being used for the engineering units. H = High limit of the engineering
. . . 't

For example, if pressure (psi) is to be measured from uni r"’_“g_'e o

0.0-99.9 then multiply the value by 10 in order to L= qullmlt of the engineering

imply a decimal place when viewing the value with the unitrange

programming software or with a handheld programmer.
Notice how the calculations differ when the multiplier is
used.

An analog value of 2024, slightly less than half scale, should yield 49.4 psi.

Example without multiplier Example with multiplier
Units=A H-L Units = 10A H-L
4095 4095
Units = 2024 100-0 Units = 20240 100 -0
4095 4095
Units = 49 Units = 494
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The Conversion Program
The following example shows how to write the program to perform the engineering unit

conversion from input data formats 0-4095. This example assumes the raw input data read
at V2000 is in BCD format.

. NOTE: This example uses SP1, which is always on, but any permissive contact such as, X, C, etc., can be used.

SP? LD When SP1 is on, load channel 1 data to the accumulator.
— | V2000
MUL Multiply the accumulator by 1000 (to start the conversion).
1 K1000
DIV Divide the accumulator by 4095.
| K4095
‘ ouT Store the result in V2010.
| —1 V2010

Analog and Digital Value Conversions
Sometimes it is useful to be able to quickly convert between the signal levels and the
digital values. This is especially helpful during machine startup or troubleshooting.
Remember, that this module does not operate like other versions of analog input modules.
The bipolar ranges use 0-4095 for both positive and negative voltages. The sign bit allows
this, which actually provides better resolution than those modules that do not offer a sign
bit. The following table provides formulas to make this conversion easier.

If the analog signal level is

Range If the digital value is known Kknown.
0-5v A= 5D D = 4095 (A)
-5V to +5V 4095 5
0-0v A= 3D D = 4095 ABS(A)
-10V to +10V 4095 10
As an example, if the range being used is £+10V and D = 4095 (A)
the measured signal is 6V, use the formula to the 10
right to determine the digital value that is stored in D = 4095 (6V)
the V-memory location that contains the data. 10
D = (409.5) (6)
D = 2457
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Filtering Input Noise for D2-250-1, D2-260 and D2-262 CPUs

Add the following logic to filter and smooth analog input noise in D2-250-1, D2-260 and
D2-262 CPUs. This is especially useful when using PID loops. Noise can be generated by the

field device and or induced by field wiring.

In the following example, the analog value in BCD is first converted to a binary number.
Memory location V1400 is the designated work space in this example. The MULR
instruction is the filter factor, which can be from 0.1-0.9. The example uses 0.2. Using a
smaller filter factor increases filtering. A higher precision value can be used, but it is not
generally needed. The filtered value is then converted back to binary and then to BCD. The
filtered value is stored in location V1402 for use in your application or PID loop.

NOTE: Please review intelligent instructions (IBox) in Chapter 5 of D2-USER-M, which simplify this and other
functions. The IBox instructions are supported by the D2-250-1, D2-260 and D2-262.

NOTE: Be careful not to do a multiple number conversion on a value. For example, if you are using the pointer
method to get the analog value, it is in BCD and must be converted to binary. However, if you are using the
conventional method of reading analog and are masking the first twelve bits, then it is already in binary and no

conversion using the BIN instruction is needed.

| LD
|7 V2000
gl
BTOR
SUBR
V1400
MULR
R0.2
ADDR
V1400
OuTD
V1400
| RTOB
| ouT
| V1402

Loads the analog signal, which is a BCD value
and has been loaded from V-memory location
V2000, into the accumulator. Contact SP1 is
always on.

Converts the BCD value in the accumulator to
binary. Remember, this instruction is not
needed if the analog value is originally
brought in as a binary number.

Converts the binary value in the accumulator
to a real number.

Subtracts the real number stored in location
V1400 from the real number in the accumulator,
and stores the result in the accumulator. V1400
is the designated workspace in this example.

Multiplies the real number in the
accumulator by 0.2 (the filter factor),
and stores the result in the
accumulator. This is the filtered value.

Adds the real number stored in
location V1400 to the real number
filtered value in the accumulator, and
stores the result in the accumulator.

Copies the value in the accumulator to
location V1400.

Converts the real number in the
accumulator to a binary value, and
stores the result in the accumulator.

Converts the binary value in the accumulator
to a BCD number. Note: The BCD instruction
is not needed for PID loop PV (loop PV is a
binary number).

Loads the BCD number filtered value from
the accumulator into location V1402 to use in
your application or PID loop.
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- Chapter 4: F2-08AD-1, 8-Channel Analog Current Input

Module Specifications

== NOTE: A re-designed F2-08AD-1 with a single circuit board design was released in 2009. The jumper link location is different. See
‘ Setting the Module Jumpers on page 4-6. Also, some specifications were changed on page 4-3. Otherwise, the re-designed module
functions the same as the prior design.

The F2-08AD-1 Analog Input module provides several hardware features:

Analog inputs are optically isolated from the PLC logjic.

On-board 250 ohm, 1/2 Watt precision resistors provide
|substantial over-current-protection for 4-20mA current
0ops.

+ The module has a removable terminal block so the
module can be easily removed or changed without dis- EZ0BADA
connecting the wiring.

With a D2-240, D2-250-1, D2-260 or D2-262 CPU, you
can read all channels in one scan.

ANALOG
8CH

10-30VDC
5mA

.

o =)

EJI

7|2
<

Firmware Requirements:
To use this module with a D2-230 CPU the CPU must have
firmware version 1.6 or later. To use the pointer method of
writing values, D2-240 CPUs require firmware version 2.2
or later. All versions of the D2-250-1, D2-260 and D2-262
CPU's firmware support this module and the pointer
method.

(@]
T
N}
¥

y
o
w &
w &
[

ANALOG IN
4-20mA

F2-08AD-1

Analog Input Configuration Requirements
The F2-08AD-1 appears as a 16-point discrete input module and can be installed in
any slot of a DL205 system. The available power budget and discrete I/O points are the
limiting factors. For more information regarding power budget and number of local, local

expansion or remote I/O points, check the user manual for the particular CPU model and
I/O base being used
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The following tables provide the specifications for the F2-08AD-1 Analog Input Module.
Review these specifications to make sure the module meets your application requirements.

Input Specifications

Number of Channels 8, single ended (one common)

Input Range 4-20mA, current

Resolution 12bit(1in 4096)

Step Response Tms (*7ms) to 95% of full step change
Crosstalk -70db, 1 count maximum

Active Low-pass Filtering -3db at 200Hz, (-6db per octave)

Input Impedance 250MQ0 +0.1%, 1/2 W current input
Absolute Maximum Ratings -45mAto + 45mA, current input
Linearity Error (End to End) + 1 count (0.025% of full scale) maximum
Input Stability + 1 count

Full Scale Calibration Error
(Offset error included)

Offset Calibration Error +2 count maximum @ 4.000 mA
+0.1% @ 25°C(77°F)
+0.25% 0-60°C (32-140°F)

+50ppm/°C full scale calibration change (including maximum
offset change)

+ 5 counts maximum @ 20.000 mA

Maximum Inaccuracy

Accuracy vs. Temperature

IRecommended Fuse (external) 0.032 A, Series 217 fast-acting, current inputs

General Specifications

1 channel per scan maximum (D2-230 CPU)
PLC Update Rate 8 channels per scan maximum
(D2-240, D2-250-1, D2-260 and D2-262 CPU)
Data Acquisition Time 3ms/ channel (asynchronous)
Digital Inputs 12 binary data bits, 3 channel ID bits, 1 broken transmitter detection bit
Input points required 16 paint (X) input module
Power Budget Requirement 100mA (*50mA maximum, 5VDC (supplied by base)
External Power Supply 5mA maximum, 10-30 VDC (*80mA mayx, 18-26.4 VDC)
Operating Temperature 0°Cto 60°C (32°F to 140°F)
Storage Temperature -20°Cto 70°C (-4°F to 158°F)
Relative Humidity 5-95% (non-condensing)
Environmental Air No corrosive gases permitted
Vibration MILSTD 810C514.2
Shock MILSTD 810C516.2
Noise Immunity NEMA ICS3-304

NOTE: Values in parenthesis with an asterisk are for older modules with two circuit board design and date codes
060985 or previous. Values not in parenthesis are for single circuit board models with date code 0709C1 or above.
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4-4

Special Placement Requirements (D2-230 and Remote 1/O Bases)
Even though the module can be placed in any slot, it is important to examine the
configuration if a D2-230 CPU is used, as can be seen in the section about Writing the
Program located in this chapter. V-memory locations are used to extract the analog data.
If the module is placed so the input points do not start on a V-memory boundary, the
instructions cannot access the data. This also applies when placing this module in a remote
base using a D2-RSSS in the CPU slot.

Correct F2-08AD-1
orrec!
EE] S5 S5 S8 S5 =
g8 88 g8 g8 88
_g Slot 0 Slot 1 Slot 2 Slot 3 Slot 4
o | 8pt 8pt 16pt 16pt 16pt
O | Input Input Input Input Output
T X0 X10 X20 | X40 YO
X7 X17 | Xx37 | Xs7 | Y17
1 1 1 1 1 1
. . V40400 | vaoso2
Data is correctly entered so input V40401
points start on a V-memory boundary. |M|SB| T ILSIBI
X X
3 2
7 0
F2-08AD-1

)leﬁ)/\ Slot 1 Slot2 | Slot3 | Slot4
8pt t 16pt 16pt 16pt
Input Input Input Input Output

X10 \@K X50 Y0

X7 xX27 | xa7 \KSK Y17:

i ) O e O e O e D O e B O

T
s

L1
x
o

Data is split over two locations, so instructions cannot access data from a D2-230.

V40401

MsB LSB MsB V40400 LSB
LIITTTTTTITTITTITTITT] [T TTTTI T ITTT]
X X X X X X X X
3 32 2 1 17 0
7 07 0 7 0

To use the V-memory references required for a D2-230 CPU, the first input address
assigned to the module must be one of the following X locations. The table also shows the
V-memory addresses that correspond to these X locations.

X X0 X20 X40 X60 X100 X120 X140 X160
v V40400 | V40401 V40402 | V40403 | V40404 | V40405 | V40406 | V40407
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Setting the Module Jumpers

Selecting the Number of Channels

There are two jumpers, labeled +1, +2, and +4 which are used to select the number of
channels that will be used. Use the figures below to locate the jumpers on the module. The
module is set from the factory for eight channel operation (all three jumpers installed).

The unused channels are not processed, so if only channels 1 thru 3 are selected, channels 4
through 8 will not be active. The following table shows how to use the jumpers to select the
number of channels.

No. of Channels | +1 | +2 | +4

1 o No Mo F | | Il 8-ch |

79 Yes Mo No or exgmp e, to select .a 8-channe
operation, leave three jumpers

123 No |Yes |No installed. To select channel 1, remove

1,234 Yes |Yes |No (or store on a single post to prevent

1,2,34,5 No No |Yes losing them) all three jumpers

1,2,34,56 Yes |No |Yes

1,2,3,4,56,7 No Yes | Yes

1,2.3,4,56,7,8 Yes |Yes |Yes

Yes = jumper installed

No = jumper removed

Jumper location on modules having Jumper location on modules having
date code 0609B9 and previous date code 0709C1 and above
(two circuit board design) (single circuit board design)

+1 +2 +4

o 5

+4 +2+1

a4

a0

These jumpers are located on the
motherboard, the one with the black
D-shell style backplane connector.
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Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check them
before starting the installation. Here are some general things to consider:

« Use the shortest wiring route whenever possible.

* Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

* Route the wirin% through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

User Power Supply Requirements

The F2-08AD-1 module requires at least one field-side power supply. The same or separate
power sources can be used for the module supply and the current transmitter supply. The
module requires 10-30 VDC, at 5mA, from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the voltage and
current requirements, and the transmitter and module supply minus (-) side are connected
together.

power budget can cause unpredictable system operation that can lead to a risk of personal injury or damage to

C WARNING: If using the 24VDC base power supply, make sure to calculate the power budget. Exceeding the
equipment.

The DL205 base has a switching type power supply. As a result of switching noise, +3-5 counts of instability
may be noticed in the analog input data if the base power supply is used. If this is unacceptable, try one of the
following:

1. Use a separate linear power supply.

2. Connect the 24VDC common to the frame ground, which is the screw terminal marked on
the screw terminal marked “G” on the base.

By using these methods, the input stability is rated at 1 count.
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Current Loop Transmitter Impedance

Standard 4-20 mA transmitters and transducers can operate from a wide variety of power
supplies. Not all transmitters are alike and the manufacturers often specify a minimum loop
or load resistance that must be used with the transmitter.

The F2-08AD-1 provides 25002 resistance for each channel. If the transmitter being used
requires a load resistance below 25002, it will not be necessary to make any adjustments.
However, if the transmitter requires a load resistance higher than 25002, a resistor will need
to be added in series with the input.

Consider the following example for a transmitter being operated from a 30VDC supply
with a recommended load resistance of 750Q). Since the module has a 250Q resistor, an
additional resistor needs to be added.

R= Tr-Mr R - Resistor to add
R = 750-250 Tr - Transmitter Requirement
R >500 Mr - Module resistance (internal 250Q)

Two-wire Transmitter
+ - Module Channel 1

DC Supply R CH1+ o
+30V ro_IWJ‘ CHi1-
oV lov 250 ohms

.
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Wiring Diagram
The F2-08AD-1 module has a removable connector to simplify wiring the module. Just
squeeze the top and bottom retaining clips and gently pull the connector from the
module. Use the following diagram to connect the field wiring.

e —
Typical User Wiring | Internal ANB%L'S)G

Module

Wiring
See NOTE 1 —— +5V |
< 0VDC 0o |
/AP 30— +15v J

3
| = TS B o

+ J CH1+ \%/ L -15v
CH1 = N A
4-wire é}f

4-20mA | + U G 250 ohms
Transmitter| @ [ -

: 8 ® ow z g
T i B
3-wire - (35 2 Ato D -

4-20mA | - J \ CH5+ é‘\\fj ‘S} MConverter 0
Transmitter \wy @ 250 ohms ¢ @
CHo+ 1 g
CH3+ K
CHE |- N1 @ 7 [
2-wire ) ( CHr+ \W/ T CH4+ E
4-20mA | + 250 oh C B
Transmitter N @ CHB+ ,%ﬁ CH5+ Q
N @P CHes B ¢
oHe - & 250 ohms CH7+ * p
2-wire Ji
4-20mA | *+ CH8+
Transmitter| *
+ ANALOG IN
Optional 4-20mA
External | =
P/S B +

NOTE 1: Shields should be grounded at the signal source.
NOTE 2: More than one external power supply can be used, provided all the power supply commons are connected.
»»»»»» NOTE 3: A Series 217, 0.032A fast-acting fuse is recommended for 4-20 mA current loops.
: NOTE 4: If the power supply common of an external power supply is not connected to 0 VDC on the module, then
‘E the output of the external transmitter must be isolated. To avoid "ground loop” errors, recommended 4-20 mA
transmitter types are:
2 or 3wire: Isolation between input signal and power supply.
4wire:  Isolation between input signal, power supply, and 4-20 mA output.
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Module Operation
Channel Scanning Sequence (Multiplexing) for a D2-230 CPU

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes and represents the analog signals.

The F2-08AD-1 can supply different amounts of data per scan, depending on the type of
CPU being used. The D2-230 can obtain one channel of data per CPU scan. Since there
are eight channels, it can take up to eight scans to get data for all channels. Once all
channels have been scanned the process starts over with channel 1. Unused channels are
not processed, so if only two channels are selected, then each channel will be updated
every other scan. The multiplexing method can also be used for the D2-240, D2-250-1,
D2-260 and D2-262 CPUs.

=]l
A

Scan

N

System With
| Reacl Inputs F—W DL230 CPU

Execute Application Program

Read the data Scan N <— |Channel 1
_|
% Scan N+1 < Channel 2

(repeat for ch. 3-6)

il s B I
Scan N+7 <—
| 17 | Scan N+8 <—

Write to Outputs

-/

H
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Channel Scanning Sequence (Pointer method) for

D2-240, D2-250-1, D2-260 or D2-262 CPUs
If a D2-240, D2-250-1, D2-260 or a D2-262 CPU is used, all four channels of input data
can be collected in one scan. This is because the D2-240, D2-250-1, D2-260 and D2-262
CPUs supports special V-memory locations that are used to manage the data transfer.
This is discussed in more detail in the section on Writing the Control Program later in this
chapter.

Scan

/ )v System With
D2-240, D2-250-1,

| Read Inputs D2-260 or D2-262 CPU
v

Execute Application Program
Read the data ScanN €<—|Ch1,2,3,..8

% ScanN+1 <—|ch1,2,3,..8

ScanN+2 €<— |Ch 1,2, 3,..8

Store data
Scan N+3 <— |Ch 1,2, 3, ..8
7 ScanN+4 <—Ich1,2,3,..8
| Write to Outputs |

- J

Analog Module Updates
Even though the channel updates to the CPU are synchronous with the CPU scan, the
module asynchronously monitors the analog transmitter signal and converts the signal to
a 12-bit binary representation. This enables the module to continuously provide accurate
measurements without slowing down the discrete control logic in the RLL program.

For the vast majority of applications, the values are updated much faster than the signal
changes. However, in some applications, the update time can be important. The module
takes approximately one millisecond to sense 95% of the change in the analog signal.

NOTE: This is not the amount of time required to convert the signal to a digital representation. The conversion to
‘E the digital representation takes only a few microseconds. Many manufacturers list the conversion time, but it is the
settling time of the filter that really determines the update time.
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Understanding the Input Assignments

It was mentioned earlier in this chapter that the F2-08AD-1 module appears as a 16-point
discrete input module to the CPU. These points can be used to obtain:

* An indication of which channel is active

* The digital representation of the analog signal

* Module diagnostic information
Since all input points are automatically mapped into V-memory, it is very easy to determine
the location of the data word that will be assigned to the module.

F2-08AD-1

oo oo oo
== == ==
aa aa ag
oo L= aa
Slot 1 Slot 2 Slot 3 Slot 4
16pt 16pt 16pt
Input Input Output

X37 | X57 | Y17 )

V40400 | V40402 V40500
V40401

MSB LSB

(TTTTTTTITTTITITITITIT]

X XXX X

3333 . 2

7654 Data Bits 0

Within these word locations, the individual bits represent specific information about the

16 10 1024
32 11 2048

analog signal.
Analog Data Bits

The first twelve bits represent the analog V40401

data in binary format. MSB LSB

Bit Value Bit  Value (TITTTTTTTITITTITTTI]
17111119876543210

0 1 6 64 543210

1 2 7 128

2 4 8 256 [ ] = data bits

3 8 9 512

4

5
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Active Channel Indicator Inputs
Three of the inputs are binary-encoded to indicate V40401
the active channel (remember, the V-memory bits MSB LSB
are mapped directly to discrete inputs). The inputs [TTITTITIITITITITIT11]

are automatically turned on and off to indicate the X X X X
active channel for each scan. 333 2
654 0
Scan X34 X35  X36 Channel
[] =channel inputs
N Off Off Off 1
N+1 On Off Off 2
N+2 Off On Off 3
N+3 On On Off 4
N+4 Off off On 5
N+5 On Off On 6
N+6 Off On On 7
N+7 On On On 8
Module Diagnostic Inputs V40401
The last input (X37 in this example) is the broken %/I|SIl3 [TTTTTTTT1] ITSF l
transmitter and missing 24 volts input power X X
indicator. 3 g

When X37 is on, the input transmitter may be _ o
broken for the corresponding input. If there is no [ = diagnostic inputs

external 24 volts input power, or if there is a loose

or missing terminal block, then X37 goes on and a value of zero is returned for all enabled

channels.

Module Resolution 4-20mA
20mA[ T

Since the module has 12-bit resolution, the ‘
analog signal is converted into 4096 counts |
ranging from 0 - 4095 (212). For example, a 4 4mA |
mA signal would be 0 and a 20 mA signal would
be 4095. This is equivalent to a binary value of

0000 0000 0000 to 1111 1111 1111, or 000 to FFF _ Ho L
hexadecimal. The diagram shows how this relates Resolution = 7rer
to the signal range.

0 4095

H = high limit of the signal range

Each count can also be expressed in terms of the L )
L = low limit of the signal range

signal level by using the equation shown.

16 mA / 4095 = 3.907 pA per count
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Writing the Control Program

Reading Values: Pointer Method and Multiplexing

There are two methods which can be used to read values:

» Pointer method

« Multiplexing
The multiplexing method must be used when using a D2-230 CPU. The multiplexing
method must also be used with remote 1/0 modules (the pointer method will not work).

Either method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, but for
ease of programming it is strongly recommended to use the pointer method.

Pointer Method for D2-240, D2-250-1, D2-260 and D2-262 CPUs

The DL205 series has special V-memory locations (shown in tables on the following page)
assigned to each base slot that will greatly simplify the programming requirements. These
V-memory locations allow you to:

* Specify the data format

* Specify the number of channels to scan

* Specify the storage locations

NOTE: D2-240 CPUs with firmware release version 2.2 or later support this method. Also, D2-250 CPUs with firmware
release version 1.06 or later support this method. If the D2-230 example needs to be used, module placement in the
base is very important. Review the Section earlier in this chapter for guidelines.

The example program shows how to setup these locations. Place this rung anywhere in the
ladder program, or, if RLLPLUS instructions are being used, in the Initial Stage.

This is all that is required to read the analog data into V-memory locations. Once the data
is in V-memory, it can be used to perform math, compare the data against preset values,
etc. V2000 is used in the example but any user V-memory location can be used. The pointer
method automatically converts values to BCD.

|
SPO

r———77/17
4{ }77 LD -or- | LD ‘
K0800 | K88oo_ |

Loads a constant that specifies the number of channels to scan and
the data format. The upper byte, most significant nibble (MSN)
selects the data format (i.e. 0=BCD, 8=Binary), the LSN selects the
number of channels (i.e. 1,2, 3, 4,5, 6, 7, 8).

The binary format is used for displaying data on some operator
interfaces. The DL230/240 CPUs do not support binary math
functions, whereas the DL250 does.

Special V-memory location assigned to slot 2 that contains the

| uT number of channels to scan.

V7662
This loads an octal value for the first V-memory location that will be
DA used to store th.e incoming data: For example, the 02000 entered

02000 here would designate the following addresses.

Ch1 - V2000, Ch2 - V2001, Ch3 - V2002, Ch 4 - V2003

Ch5 - V2004, Ch6 - V2005, Ch7 - V2006, Ch8 - V2007

The octal address (02000) is stored here. V7672 is assigned to slot
2 and acts as a pointer, which means the CPU will use the octal
value in this location to determine exactly where to store the
incoming data.

‘Ii
c
e

V7672
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The tables below show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or the D2-CM module. Slot 1 is the module two places from
the CPU or the D2-CM, and so on. Remember, the CPU only examines the pointer values
at these locations after a mode transition. Also, if the D2-230 (multiplexing) method is used,
verify that these addresses in the CPU are zero.

The table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.

CPU Base: Analog Input Module Slot-Dependent V-memory
Locations
2 3

Slot 0 1 4 5 6 7
No. of V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667
Channels

Storage Pointer| V7670 | V7671 | V7672 | V7673 | V7674 | V7675 | V7676 | V7677

The table below applies to the D2-250-1, D2-260 or the D2-262 expansion base 1.
Expansion Base D2-CM #1: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
INo. of
Channels V36000 | V36001 V36002 | V36003 | V36004 | V36005 | V36006 | V36007
Storage Pointer| V36010 | V36011 V36012 | V36013 | V36014 | V36015 | V36016 | V36017

The table below applies to the D2-250-1, D2-260 or the D2-262 expansion base 2.
Expansion Base D2-CM #2: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

INo. of
Channels V36100 | V36101 | V36102 | V36103 | V36104 | V36105 | V36106 | V36107

Storage Pointer| V36110 | V36111 | V36112 | V36113 | V36114 | V36115 | V36116 | V36117

The table below applies to the D2-260 and D2-262 CPU expansion base 3.
Expansion Base D2-CM #3: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of
Channels V36200 | V36201 | V36202 | V36203 | V36204 | V36205 | V36206 | V36207

Storage Pointer| V36210 | V36211 | V36212 | V36213 | V36214 | V36215 | V36216 | V36217

The table below applies to the D2-260 and D2-262 CPU expansion base 4.
Expansion Base D2-CM #4: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
INo. of
Channels V36300 | V36301 V36302 | V36303 | V36304 | V36305 | V36306 | V36307
Storage Pointer| V36310 | V36311 V36312 | V36313 | V36314 | V36315 | V36316 | V36317
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Reading Values (Multiplexing) for

D2-230, D2-240, D2-250-1, D2-260 and D2-262 CPUs

The D2-230 CPU does not have the special V-memory locations which will allow data
transfer to be automatically enabled. Since all channels are multiplexed into a single data
word, the control program must be setup to determine which channel is being read. Since
the module appears as X input points to the CPU, it is very easy to use the active channel
status bits to determine which channel is being monitored.

NOTE: This example is for a module installed as shown in the previous examples. The addresses used would be
different if the module was installed in a different I/O arrangement. The rungs can be placed anywhere in the program,
or if stage programming is being used, place them in a stage that is always active.

| sP1 LD

— V40401
ANDD
KFFF

BCD

Store Channel 1

X34 X35 X36 ouT
A% |
Store Channel 2

X34 X35 X36 ouT
A |

} (repeat for channels 3 - 6)
Store Channel 7

X34 X35 X36 ouT
My
Store Channel 8

X34 X35 X36 ouT
I
|

Single Channel Selected

Loads the complete data word into the
accumulator. The V-memory location depends on
the 1/O configuration. See Appendix A for the
memory map.

This instruction masks the channel identification
bits. Without this, the values used will not be
correct so do not forget to include it.

Itis usually easier to perform math operations in
BCD, so it is best to convert the data to BCD
immediately. You can leave out this instruction if
your application does not require it.

When X34, X35 and X36 are off, channel 1 data
is stored in V2000.

When X34 is on, X35 and X36 are off, and
broken transmitter detect is off, channel 2 data
is stored in V2001.

When X35 and X36 are on and X34 is off,
channel 7 data is stored in V2006.

When X34, X35 and X36 are on, channel 8 data
is stored in V2007.

Since it isn’t necessary to know which channel is selected, the single channel program is even

more simple as shown in the example below.

| Store Channel 1

| X36 X34 X35 D
Yy ay

out
V2000

Loads the complete data word into the
accumulator. The V-memory location depends
on the I/O configuration. See Appendix A for
the memory map.

This instruction masks the channel
identification bits. Without this, the values used
will not be correct, so do not forget to include it.
Itis usually easier to perform math operations
in BCD, so it is best to convert the data to BCD
immediately. You can leave out this instruction
if your application does not require it.

When X34, X35 and X36 are off, channel 1 data
is stored in V2000.
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Analog Power Failure Detection

The Analog module has an on-board processor that can diagnose analog input circuit
problems. A ladder rung can be edited to detect these problems. This rung shows an
input point that would be assigned if the module was installed as shown in the previous
examples. A different point would be used if the module was installed in a different I/O

arrangement.
Multiplexing method

V2000 KO  X37 c1
| =} | | ouT)

Pointers method

|
;vzooo K8000 c1
1= i ouD
\
\
|

Scaling the Input Data

V-memory location V2000 holds
channel 1 data. When a data value
of zero is returned and input X37 is
on, then the analog circuitry is not
operating properly.

V-memory location V2000 holds
channel 1 data. When a data value
of 8000 is returned, then the analog
circuitry is not operating properly.

Most applications usually require
measurements in engineering units which
provides more meaningful data. This is
accomplished by using the conversion
formula shown.

Adjustments to the formula may be needed
depending on the scale being used for the
engineering units.

For example, if pressure (psi) is to

Units=A H-L
4095

U = Engineering Units

A = Analog Value (0 - 4095)

H = High limit of the engineering
unit range

L = Low limit of the engineering
unit range

be measured from 0.0 to 99.9 then

multiply the value by 10 in order to imply a decimal place when viewing the value with the
programming software or with a handheld programmer. Notice how the calculations differ

when the multiplier is used.

Analog Value of 2024, slightly less than half scale, should yield 49.4 psi.

Example without multiplier

Units=A H-L
4095
Units = 2024 100 — 0
4095
Units = 49
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4095

Units = 20240 100 — 0

4095

Units = 494
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The Conversion Program
The following example shows how to write the program to perform the engineering unit
conversion. This example assumes that the data is in BCD and loaded into the appropriate
V-memory locations using instructions that apply to the CPU being used in the PLC.

. NOTE: This example uses SP1, which is always on, but any permissive contact such as, X, C, etc., can be used.

SP|1 LD When SP1 is on, load channel 1 data to the accumulator.
— | V2000
MUL Multiply the accumulator by 1000 (to start the conversion).
—1 K1000
DIV Divide the accumulator by 4095.
— K4095
| ouT Store the result in V2010.
| V2010

Analog and Digital Value Conversions

Sometimes it is useful to be able to quickly convert between the signal levels and the digital
values. This is especially helpful during machine startup or troubleshooting. The following
table provides formulas to make this conversion more simple.

If the analog signal level is

Range  If the digital value is known i,
A=16D+4 D= 4095(A-4)
4t020mA
4095 16

As an example, if the measured signal is 10mA, the formula D =f;’3j(A)
can be used to easily determine the digital value that will be
stored in the V-memory location that contains the data. D =_‘I‘gj(6v)

D =(409.5) (6)
D =2457
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Filtering Input Noise for D2-250-1, D2-260 and D2-262 CPUs

Add the following logic to filter and smooth analog input noise in D2-250-1, D2-260 and
D2-262 CPUs. This is especially useful when using PID loops. Noise can be generated by the
field device and/or induced by field wiring.

In the following example, the analog value in BCD is first converted to a binary number.
Memory location V1400 is the designated work space in this example. The MULR
instruction is the filter factor, which can be from 0.1 to 0.9. The example uses 0.2. A smaller
filter factor increases filtering. A higher precision value can be used, but it is not generally
needed. The filtered value is then converted back to binary and then to BCD. The filtered
value is stored in location V1402 for use in your application or PID loop.

NOTE: Please review intelligent instructions (IBox) in Chapter 5 of D2-USER-M, which simplify this and other
functions. The IBox instructions are supported by the D2-250-1, D2-260 and D2-262.

NOTE: Be careful not to do a multiple number conversion on a value. For example, if the pointer method is used to get
the analog value, it is in BCD and must be converted to binary. However, if the conventional method of reading analog
is used and the first twelve bits are masked, then it is already in binary and no conversion using the BIN instruction is
needed.

Loads the analog signal, which is a BCD value
| I\_IE)OOO and has been loaded from V-memory location
[ V2000, into the accumulator. Contact SP1 is

always on.

Converts the BCD value in the accumulator to
L | BIN binary. Remember, this instruction is not
needed if the analog value is originally

brought in as a binary number.

Converts the binary value in the accumulator
BTOR to a real number.

Subtracts the real number stored in location
SUBR V1400 from the real number in the accumulator,
V1400 and stores the result in the accumulator. V1400

is the designated workspace in this example.

MULR Multiplies the real number in the
| RO2 accumulator by 0.2 (the filter factor),
- and stores the result in the

accumulator. This is the filtered value.

Adds the real number stored in
ADDR location V1400 to the real number
V1400 filtered value in the accumulator, and
stores the result in the accumulator.
Copies the value in the accumulator to
OuTD location V1400.
V1400
Converts the real number in the

RTOB accumulator to a binary value, and
stores the result in the accumulator.

Converts the binary value in the accumulator
BCD to a BCD number. Note: The BCD instruction
is not needed for PID loop PV (loop PV is a

binary number).

Loads the BCD number filtered value from
| ouT the accumulator into location V1402 to use in
| V1402 your application or PID loop.
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F2-08AD-2
8-CHANNEL ANALOG
VOLTAGE INPUT

In This Chapter...

Module Specifications

APTER

Setting the Module Jumpers.
Connecting the Field Wiring..

Module Operation.

Writing the Control Program.



= Chapter 5: F2-08AD-2, 8-Ch. Analog Voltage Input

Module Specifications

: NOTE: A re-designed F2-08AD-2 with a single circuit board design was released in 2009. The jumper link location
‘ is different. See Setting the Module Jumpers on pages 5-5 and 5-6. Also, some specifications were changed on page
5-3. Otherwise, the re-designed module functions the same as the prior design.

The F2-08AD-2 Analog Voltage Input module provides several
hardware features:

« Analog inputs are optically isolated from the PLC logic.

* The module has a removable terminal block so the mod-
ule can be easily removed or changed without discon-
necting the wiring.

« With a D2-240, D2-250-1, D2-260 or D2-262 CPU, all
channels can be updated in one scan.

=)
Z o

Firmware Requirements:
To use this module, D2-230 CPUs must have firmware version
1.6 or later. To use the pointer method of writing values,
D2-240 CPUs require firmware version 2.2 or later. All versions
of the D2-250-1 and D2-260 CPU's firmware support this
module and the pointer method.

o
[N)
5
<

OIOISICIO
EEEER A

CH1+

(@]
I
[N
T

Analog Input Configuration Requirements
The F2-08AD-2 Analog Input requires 16 discrete input points.
The module can be installed in any slot of a DL205 system.
The available power budget and discrete 1/O points are the
limiting factors. Check the user manual for the CPU model and
I/0 base being used for more information regarding power
budget and number of local, local expansion or remote I/O
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The following tables provide the specifications for the F2-08AD-2 Analog Input Module.
Review these specifications to make sure the module meets your application requirements.

Input Specifications

Number of Channels 8, single ended (one common)
Input Ranges 0-5V, 0-10 V, 5V, £10V
Resolution 12 bit (1 in 4096) unipolar (0 — 4095)

13 bit (1 in 8192) bipolar (~ 4095 — +4095)

Step Response

1.0 ms (* 4 ms) — 95% of full step change

Crosstalk

—70dB, 1 count maximum

Active Low-pass Filtering

-3 dB @ 200Hz (- 6dB per octave)

Input Impedance

Greater than 20MQ

Maximum Continuous Overload

+75VDC

Linearity Error (End to End)

+0.025% of span (+1 count maximum unipolar)
(£2 count maximum bipolar)

Input Stability

+1 count

Full Scale Calibration Error
(Offset error not included)

+3 counts maximum

Offset Calibration Error

+1 count maximum, @ 0VDC

Maximum Inaccuracy

+0.1% @ 25°C
+0.3% 0-60°C (32-140°F)

Accuracy vs. Temperature

+50ppm/°C maximum full scale calibration
(Including maximum offset change of 2 counts)

PLC Update Rate

General Specifications

1 channel per scan maximum (D2-230 CPU)

8 channels per scan maximum
(D2-240, D2-250 - 1, D2-260 or D2-262 CPU)

Data Acquisition Time

3ms / channel (asynchronous)

Digital Inputs
Input points required

12 binary data bits, 1 sign bit 3 channel ID bits,
1 diagnostic bit
16 point (X) input module

Power Budget Requirement

100mA (* 60mA) maximum, 5VDC (supplied by base)

External Power Supply

5mA, 10-30 VDC (*80mA, 18-26.4 VDC)

Operating Temperature

0°C-60°C (32°F to 140°F)

Storage Temperature

-20°C to 70°C (4°F to 158°F)

Relative Humidity 5-95% (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

‘ = NOTE: Values in parenthesis with an asterisk are for older modules with two circuit board design and date codes
0609D4 and prior. Values not in parenthesis are for single circuit board models with date code 0709E 1 and above.
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Special Placement Requirements (D2-230 and Remote 1/0 Bases)
Even though the module can be placed in any slot, it is important to examine the
configuration if a D2-230 CPU is used, as can be seen in the section about Writing the
Program, located in this chapter. V-memory locations are used to extract the analog data.
If the module is placed so the input points do not start on a V-memory boundary, the
instructions cannot access the data. This also applies when placing this module in a remote
base using a D2-RSSS in the CPU slot.

Correct! F2-08AD-2

58 [ & | e | B | B | ==
— | Slot0| Slot1 Slot 2 Slot 3 Slot 4

] 8pt 8pt 16pt 16pt 16pt

1 Input Input Input Input Output

X0 | X10| X20 [ X40 | YO

X7 | X17 | X37 | X57 | Y17

Ol olololol m

V40400 ‘ V40402
. . V40401
Data is correctly entered so input MSB LSB
points start on a V-memory boundary. (TTIIITIITIITITITITITIT]
X X
3 2
7 0
Incorrect F2-08AD-2

0
oo
oo

ooo

oo
X

=

~)
SRR %y D B e o

_ /%'{ Slot1 | Slot2 | Slot3 | Slot4
ol o [ IR o
I x0 | x10 [“xsq| x50 | vo
' x7 | xa27 | x47 \)«7\\(17

i 0 e 0 s O O B

1

Data is split over two locations, so instructions cannot access data from a D2-230.

MSB V40401 LSB MSB V40400 LSB
(TTITTTTITTITTTTITT] [CIETTTT T I T ]
X X X X X X X X
3 32 2 1 17 0
7 07 0 0

To use the V-memory references required for a D2-230 CPU, the first input address
assigned to the module must be one of the following X locations. The table also shows the
V-memory addresses that correspond to these X locations.

X X0 X20 X40 X60 X100 X120 X140 X160
v V40400 | V40401 | V40402 | V40403 | V40404 | V40405 | V40406 | V40407
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Setting the Module Jumpers

Selecting the Number of Channels
There are two jumpers, labeled +1, +2, and +4 that are used to select the number of
channels that will be used. Use the figures below to locate the jumpers on the module. The
module is set from the factory for eight channel operation (all jumpers installed).

Unused channels are not processed

. For example, if only channels 1 through 3 are selected,

then channels 4 through 8 will not be active. The following table shows how to place the
jumpers to select the number of channels.

No. of Channels | +1 | +2 | +4
1 No No No
1,2 Yes |[No |No
1,2,3 No |Yes |No
1,2,3,4 Yes |Yes |No
1,2,3,4,5 No No | Yes
1,2,3,4,56 Yes |No |Yes
1,2,3,4,56,7 No |Yes |Yes
1,2,3,4,56,7,8 Yes |Yes |Yes

Jumper location on modules having
Date Code 0609D4 and previous
(two circuit board design)

+1 +2 +4

J

These jumpers are located on the motherboard,
the one with the black D-shell style backplane
connector.

D

For example, to select all 8 channel operation,
leave all jumpers installed. To select 1
channel, remove all three jumpers.

Note that removed jumpers can be stored on
a single post to prevent from losing them.

Yes = jumper installed
No = jumper removed

Jumper location on modules having
Date Code 0709E1 and above
(single circuit board design)

Use jumpers +1, +2 and
+4 to select number of
channels.
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Selecting the Input Voltage
There is another jumper, labeled J3 that is used to select between the 5V ranges and the
10V ranges See the figures below to locate the jumper on the module being used. The
module comes from the factory set for 10V operation (jumper is removed and is stored on
one of the pins).

‘ """ NOTE: Install jumper J3 for 0-5 V or +5V operation.
Remove J3, or store on a single pin, for 0 to 10V or 10V operation.

Jumper J3 location on modules having Jumper J3 location on modules having
Date Code 0609D4 and previous Date Code 0709E1 and above
(two circuit board design) (single circuit board design)
J3
Jumper J3 0
L ] L ] o)
5
24
000
Jumper J3 is located on the smaller circuit /

board, which is on top of the motherboard.

Install J3 for 0—5 V or 5V operation.
Remove J3, or store on a single pin, for
0-10V or £10V operation.

Install J3 for 0—5 V or 5V operation.
Remove J3, or store on a single pin, for 0-10V or
+10V operation.
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Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check them
before starting the installation. Here are some general things to consider:

* Use the shortest wiring route whenever possible.

* Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

» Route the wiring through an approved cable housin% to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

User Power Supply Requirements
The F2-08AD-2 module requires at least one field-side power supply. The same or separate
power sources can be used for the module supply and the voltage transmitter supply. The
module requires 10-30 VDC, at 5mA, from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the voltage and
current requirements, and that the transmitter and the module supply minus (-) side are
connected together.

WARNING: If the 24VDC base power supply is used, Be sure to calculate the power budget.
& Exceeding the power budget can cause unpredictable system operation that can lead to a

risk of personal injury or damage to equipment.

The DL205 base has a switching type power supply. As a result of switching noise, +3-5
counts of instability may be noticed in the analog input data if this power supply is used. If
this is unacceptable, try using one of the following.

1. Use a separate linear power supply.

2. Connect the 24VDC common to the frame ground, which is the screw terminal marked on
the screw terminal marked “G” on the base.
By using these methods, the input stability is rated at +1 count.

Unused inputs should be shorted together and connected to common.
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Wiring Diagram
The F2-08AD-2 module has a removable connector to simplify wiring the module. Just
squeeze the top and bottom retaining clips and gently pull the connector from the module.
Use the following diagram to connect the field wiring

Retaining clip
24 VDC
+
rr—————-—- - - - A
|
OVDC[j_\‘/ }
i oV ‘
See NOTE 1 24VDC— ]
CH1 ‘j L ‘
3-wire | F CH1*— I | F2.08AD-2
Voltage %ﬂ H‘J |
Transmitter > CH2+ L, |
L] > \
| =} ‘ p
CH2 CH3*—1— QL Q
2-wire L () ‘ @
Voltage CH4*— @ > | | v¢
Transmitter|—= 1| < O |
CH5+ L S O ( @
s, L 3 | S =
L 4-wire ©
F S 5
Voltage | - CH6* [} { U
—|Transmitter ( ) » '% é } @
| : B
cH4 e CHET | |
3-wire ! -
Voltage [/ (Y L CHg#! | m
Transmitter| ~\__/ A |
|
w \
L = g
Retaining clip

‘E NOTE: Connect unused channels (CH5+, CH6+, CH7+, CH8+ in this diagram) to common (OVDC).
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Module Operation
Channel Scanning Sequence (Multiplexing) for a D2-230 CPU

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes and represents the analog signals.

Depending on the type of CPU being used, the F2-08AD-2 module can supply different
amounts of data per scan. The D2-230 can obtain one channel of data per CPU scan. Since
there are eight channels, it can take up to eight scans to get data for all channels. Once all
channels have been scanned the process starts over with channel 1. Unused channels are
not processed, so if only two channels are selected, each channel will be updated every
other scan. The multiplexing method can also be used for the D2-240, D2-250-1, D2-260
and D2-262 CPUs.

=]l
A

Scan

System With
| Read Inputs }(—W D{Szg[)“cp'u
v
Execute Application Program

Read the data Scan N <— |Channel 1
_|
Scan N+1 <= |Channel 2

repeat for ch. 3-6
Store data (rep )

] | seanes <]
Scan N+7 <—
v

| Write to Outputs | Scan N+8 <
-/
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Channel Scanning Sequence (Pointer method) for

D2-240, D2-250-1, D2-260 or D2-262 CPUs
If either a D2-240, a D2-250-1, a D2-260 or a D2-262 CPU are used, all eight channels
of input data can be collected in one scan. This is because the D2-240, D2-250-, D2-260
and D2-262 CPUs support special V-memory locations that are used to manage the data
transfer which is discussed in more detail in the section on Writing the Control Program
later in this chapter.

Scan System With

/ ; DL240, D2-250-1,

D2-260 or D2-262
| Reacilnputs F—W CPU

Execute Application Program
Read the data ScanN <— Ch 1,2, 3,..8

_|

ScanN+1 <— [Ch 1,2, 3, ...8

<
Store data Scan N+2 h1,2,3, ..8

_|
Scan N+3 €<—|Ch 1,2, 3, ...8

v ScanN+4 <—7|Ch 1, 2, 3, ..8
| Write to Outputs |

-/

Analog Module Updates
Even though the channel updates to the CPU are synchronous with the CPU scan, the
module asynchronously monitors the analog transmitter signal and converts the signal to
a 12-bit binary representation. This enables the module to continuously provide accurate
measurements without slowing down the discrete control logic in the RLL program.

For the vast majority of applications, the values are updated much faster than the signal
changes. However, in some applications, the update time can be important. The module
takes approximately one millisecond to sense 95% of the change in the analog signal.

— NOTE: This is not the amount of time required to convert the signal to a digital representation. The conversion to the
‘ digital representation takes only a few microseconds. Many manufacturers list the conversion time, but it is the settling
time of the filter that really determines the update time.
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Understanding the Input Assignments

It was mentioned earlier in this chapter that the F2-08AD-2 module appears as a 16-point
discrete input module to the CPU. These points can be used to obtain:

+ An indication of which channel is active

« The digital representation of the analog signal

» Module diagnostic information
Since all input points are automatically mapped into V-memory, it is very easy to determine
the location of the data word that will be assigned to the module.

Within these word locations, the individual bits represent specific information about the
F2-08AD-2

oooo
gooo

- - - - b
X7 X17 | X37 X57 | Y17 )

V40400 | V40402 V40500
V40401

MSB LSB

LTTTTTTITTTITITTITIT

X XXX X

3333 ) 2

7654 Data Bits 0

analog signal.

Analog Data Bits

The first twelve bits represent the analog data in binary format.
Bit Value Bit Value

0 1 6 64 V40401

1 2 7 128 MSB LSB
2 4 8 256 CITTTTTITTITTITTITTT
3 8 9 512 1111119876543210
4 16 10 1024 543210

5 32 11 2048

[] =data bits
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Active Channel Indicator Inputs
Three of the inputs are binary-encoded
to indicate the active channel (remember, V40401
the V-memory bits are mapped directly to MSB

discrete inputs). The inputs automatically (I T]

turn on and off to indicate the current X XX
channel for each scan. 333
6 54

Scan X34 X35 X36 _ Channel [] =channelinputs

N off  Off  Off 1
N+1 On off  Off
N+2 Ooff  On off
N+3 On On Off
N+4 off  Off  On
N+5 On off  On
N+6 off On On
N+7 On On On

© N o o B~ W N

Module Diagnostic and Sign

o N X

The MSB input bit is the broken transmitter/ V40401

no 24V indicator and the sign indicator. MSB

If the bit is on and the data is zero, there is CITTTTTIITTITTIITITIT]
no 24V input power or the terminal block is X X

loose or missing. If the data is not 0 (zero), 3
the input represents the sign bit. 7

[[] = diagnostic input / sign bit
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Module Resolution
Since the module has 12-bit unipolar
resolution, the analog signal is converted into ] ]
4096 counts ranging from 0-4095 (212). For Unipolar Bipolar
example, with a 0-10V scale, a OV signal would Ranges Ranges

be 0, and a 10V signal would be 4095. This is Y

equivalent to a binary value of 0000 0000 0000 /
to 1111 1111 1111, or 000 to FFF hexadecimal. oV |
The diagram shows how this relates to each |
signal range. The bipolar ranges utilize a v J‘

sign bit to provide 13-bit resolution. A value

of 4095 can represent the upper limit of ~4095 0 4095

either side of the range. Use the sign bit to Unipolar Resolution = H-L
determine negative values. 4095
- o _H-L

Bipolar Resolution = 8191

H or L = high or low limit of the range

Each count can also be expressed in terms of

the signal level by using the equation shown on the facing page. The following table shows
the smallest detectable signal change that will result in one LSB change in the data value
for each input signal range.

Signal Span - Smallest Detectable
Voltage Range HoL Divide By Chanae
0V ito +10V 10V 4095 244 mV
-10Vto +10V 20V 8191 244 mV
0Vito + 5V 5V 4095 122 mV
-5V to + 5V 10V 8191 122 mV
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Writing the Control Program
Reading Values: Pointer Method and Multiplexing

There are two methods of reading values:
1. The pointer method

2. Multiplexing
The multiplexing method must be used when using a D2-230 CPU. The multiplexing
method must also be used with remote I/O modules (the pointer method will not work).
Either method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, but for
ease of programming it is strongly recommended to use the pointer method.

Pointer Method for D2-240, D2-250-1, D2-260 and D2-262 CPUs
The DL205 series has special V-memory locations assigned to each base slot that will
greatly simplify the programming requirements. These V-memory locations allow you to:
« Specify the data format
« Specify the number of channels to scan
« Specify the storage locations

: NOTE: D2-240 CPUs with firmware release version 2.2 or later support this method. D2-250 CPUs with firmware
‘ release version 1.06 or later support this method. If the D2-230 example needs to be used, module placement in the
base is very important. Review the section earlier in this chapter for guidelines.

The example program shows how to setup these locations. Place this rung anywhere in the
ladder program, or in the initial stage if stage programming instructions are being used.
This is all that is required to read the data into V-memory locations. Once the data is in
V-memory, math can be used on the data, compare the data against preset values, and so
forth. V2000 is used in the example but any user V-memory location can be used. In this
example the module is installed in slot 2. Be sure to use the V-memory locations for the
module placement. The pointer method automatically converts values to BCD (depending
on the LD statement in the ladder logic).

|

SPO F————n
4{ }77 LD -or- | LD |

K0800 LK8800_

Loads a constant that specifies the number of channels to scan and
the data format. The upper byte, most significant nibble (MSN)
selects the data format (i.e. 0=BCD, 8=Binary), the LSN selects the
number of channels (i.e. 1,2, 3,4,5,6,7, or 8).
The binary format is used for displaying data on some operator

interfaces. The DL230/240 CPUs do not support binary math
functions, whereas the DL250 does.

ouT Special V-memory location assigned to slot 2 that contains the
V7662 number of channels to scan.

This loads an octal value for the first V-memory location that will be

LDA used to store the incoming data. For example, the 02000 entered
02000 here would designate the following addresses.
Ch1 - V2000, Ch2 - V2001, Ch3 - V2002, Ch4 - V2003

Ch5 - V2004, Ch6 - V2005, Ch7 - V2006, Ch8 -V2007

The octal address (02000) is stored here. V7672 is assigned to slot
8¥6T72 2 and acts as a pointer, which means the CPU will use the octal
value in this location to determine exactly where to store the

incoming data.
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The tables below show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 CPUs for the base and local expansion base 1/0O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if you use the D2-230 (multiplexing) method, verify
that these addresses in the CPU are 0 (zero).

The Table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.
CPU Base: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Channels V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667

Storage Pointer| V7670 | V7671 | V7672 | V7673 | V7674 | V7675 | V7676 | V7677

The Table below applies to the D2-250-1, D2-260 or the D2-262 CPU base 1.

Expansion Base D2-CM #1: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of
Channels V36000 V36001 V36002 V36003 V36004 | V36005 V36006 V36007

Storage Pointer| V36010 | V36011 | V36012 | V36013 | V36014 | V36015 | V36016 | V36017

The Table below applies to the D2-250-1, D2-260 or the D2-262 CPU base 2.

Expansion Base D2-CM #2: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Channels V36100 V36101 V36102 V36103 V36105 V36106 V36107
Storage Pointer| V36110 V36111 V36112 V36113 V36114 V36115 V36116 V36117

The Table below applies to the D2-260 and D2-262 CPU base 3.

Expansion Base D2-CM #3: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Sy V36200 | V36201 | V36202 | V36203 | V36204 | V36205 | V36206 | V36207
Storage Pointer| V36210 | V36211 | V36212 | V36213 | V36214 | V36215 | V36216 | V36217

The Table below applies to the D2-260 and D2-262 CPU base 4.

Expansion Base D2-CM #4: Analog Input Module Slot-Dependent V-memory
Locations
3

Slot 0 1 2 4 5 6 7
No. of
Channels V36300 | V36301 V36302 | V36303 | V36304 | V36305 | V36306 | V36307

Storage Pointer| V36310 | V36311 V36312 | V36313 | V36314 | V36315 | V36316 | V36317
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Using Bipolar Ranges (Pointer Method) for
D2-240, D2-250-1, D2-260 and D2-262 CPUs

Some additional logic is needed with bipolar ranges to determine whether the value being
returned represents a positive voltage or a negative voltage. For example, the direction of a
motor may be needed to be known. With the D2-240 or D2-250 CPU, the last input cannot
be used to show the sign for each channel (X37 in the previous examples). This is because
the D2-240, D2-250-1, D2-260 and D2-262 reads all eight channels in one scan. Therefore,
if X37 were used, the last channel read would just be monitored and the sign would not be
able to be determined for the previous channels. A simple solution is if the value read is
greater than or equal to 8001, the value is negative.

The sign bit is the most significant bit, which combines 8000 with the data value. If the
value is greater than or equal to 8001, only the most significant bit and the active channel
bits will need to be masked to determine the actual data value.

The following program shows how to accomplish this. Since a negative value is always
meant to be known, these rungs should be placed before any other operations that

use the data, such as math instructions, scaling operations, and so forth. Also, if stage
programming instructions are being used, place these rungs in a stage that is always active.
Please note, this logic is only needed for each channel that is using bipolar input signals.
The following example only shows two channels.

| Check Channel 1
SP1

LD Load channel 1 data from V-memory into the
—{ } V2000 accumulator. Remember, the data can be negative.
Contact SP1 is always on.
ANDD This instruction masks the sign bit of the BCD data if it
K7FFF is set. Without this step, negative values will not be

correct, so do not forget to include it.

Put the actual signal value in V2020. Now you can use

\O/EJZO the data normally.
V2000 K8001 C1 . ) .
| I 0 Channel 1 data is negative when C1 is on (a value of -1
| > (OUT)  reads as 8001, -2 s 8002, etc.)
Check Channel 2
SP1 LD Load channel 2 from V-memory into the accumulator.
4 } V2001 Remember, the data can be negative. Contact SP1 is
always on.
ANDD This instruction masks the sign bit of the BCD data, if it
K7FFF is set. Without this step, negative values will not be

correct, so do not forget to include it.

Put the actual signal value in V2021. Now you can use
our the dat Il
V2021 e data normally.
\ V2001 K8001 Cc2 . . .
| | [ (OUT Channel 2 data is negative when C2 is on (a value of -1
| = S ) reads as 8001, -2 is 8002, etc.).
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Reading Values (Multiplexing) for
D2-230, D2-240, D2-250-1, D2-260 and D2-262 CPUs

The D2-230 CPU does not have the special V-memory locations which will allow data
transfer to be automatically enabled. Since all channels are multiplexed into a single data
word, the control program must be setup to determine which channel is being read. Since
the module appears as X input points to the CPU, it is very easy to use the active channel
status bits to determine which channel is being monitored.

NOTE: This example is for a module installed as shown in the previous examples. The addresses used would be
different if the module is installed in a different I/0 arrangement. The rungs can be placed anywhere in the program, or
if stage programming is being used, place them in a stage that is always active.

‘ Loads the complete data word into the

SP1 LD accumulator. The V-memory location depends on
4{ \ V40401 the I/0 configuration. See Appendix A for the
[ memory map.
ANDD This instruction masks the channel identification
KFFF bits. Without this, the values used will not be

correct so do not forget to include it.

BCD It is usually easier to perform math operations in
BCD, so it is best to convert the data to BCD
immediately. You can leave out this instruction if
your application does not require it.

Store Channel 1
X34 X35 X36

When X34, X35 and X36 are off, channel 1 data
— /1 95000 is stored in V2000.
Store Channel 2
X34 X35 X36 ouT When X34 is on, X35 and X36 are off, and
% } {A {/} V2001 broken transmitter detect is off, channel 2 data

is stored in V2001.

\
| (repeat for channels 3 - 6)
\

Store Channel 7

X3‘|1 T(3|5 T<3\6 ouT When X35 and X36 are on and X34 is off,
%/( [ 1] V2006 channel 7 data is stored in V2006.

Store Channel 8

‘ o %35 x36 ouT When X34, X35 and X36 are on, channel 8 data
— V2007 is stored in V2007.
|
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Single Channel Selected

The single channel program makes it easy to determine which channel has been selected.

| Store Channel 1

| X36 X34 X35 Loads the complete data word into the accumulator.
/ / /% LD The V-memory location depends on the 1/0

V40401 configuration. See Appendix A for the memory map.

ANDD This instruction masks the channel identification bits.

Without this, the values used will not be correct, so do

KFFF not forget to include it.

Itis usually easier to perform math operations in BCD.
\ BCD So it is best o convert the data to BCD immediately.

| You can leave out this instruction if your application
does not require it.

ouT When the module is not busy, and X34 and X35 are
V2000 off, channel 1 data is stored in V2000.

Using Bipolar Ranges (Multiplexing)

Some additional logic is needed with bipolar ranges to determine whether the value being

returned represents a positive voltage or a negative voltage. For example, the direction of a
motor may be needed to be known. Since the D2-230 only reads one channel per scan, the
last input can be used to show the sign (X37 in the examples).

The following program shows how to accomplish this. Since a negative value is always
needed to be known, these rungs should be placed before any other operations that

use the data, such as math instructions, scaling operations, and so forth. Also, if stage
programming instructions are being used, place these rungs in a stage that is always active.
Please note, this logic is only needed for each channel that is using bipolar input signals.
The following example only shows two channels but the rungs can be repeated for all eight
channels if needed.

| Load Data

| sP1 Loads the complete data word into the

accumulator. The V-memory location depends
4{ V40401 on the 1/0 configuration. See Appendix A for the
memory map.

ANDD This instruction masks the channel identification
KF! bits. Without this, the values used will not be
correct, so do not forget to include it.

It is usually easier to perform math operations in
BCD, so it is best to convert the data to BCD
immediately. You can leave out this instruction if
your application does not require it.

Store Channel 1

BCD
X34 X35 X36
4{/}_{/}_{/\ ouTt When the module is not busy, and X34, X35 and
I V2000 X36 are off, channel 1 data is stored in V2000. CO

is reset to indicate channel 1’s value is positive.

X37 CO If X37 is on, then the data value represents a

4{ }7CSET negative voltage. CO is set to indicate channel

1’s value is negative.

Store Channel 2

X34 X35  X36 . )
| ouT When the module is not busy, and X34 is on and

4{ / /\ V2001 X35 and X36 are off, channel 2 data is stored in

V2001. C1is reset to indicate channel 2's value

C1 is positive.
(rsD)
| X37 C1 If X37 is on, then the data value represents a

| —{ }7CSE‘D negative voltage. C1 is set to indicate channel

2's value is negative.
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Using 2's Complement (Multiplexing) for
D2-230, D2-240, D2-250-1, D2-260 and D2-262 CPUs

The 2's complement data format may be required to display negative values on some
operator interface devices. It could also be used to simplify data averaging on bipolar

signals.

The example shows two channels, but these steps can be repeated for all eight channels if

necessary.

Load data when module is not busy.

LD
V40401

X36

\
/1

Store Channel 1
X36 X34 X35

/1

INV

ADDD
K1

A —Tam ]

Store Channel 2
__|ouTt
V2001
C1
(D
X37

C1
(e

G

BCD

X36 X34 X35

A

| | ADDD
K1

X36 X34

X35

DL205 Analog I/0O Manual, 7th Edition, Rev. H

Loads the complete data word into the accumulator.
The V-memory location depends on the I/0
configuration. See Appendix A for the memory map.

This instruction masks the channel identification bits
Without this, the values used will not be correct, so
do not forget to include it.

When the module is not busy, and X34, X35 and
X36 are off, channel 1 data is stored in V2000. CO
is reset to indicate that channel 1's value is positive.

If X37 is on, then the data value represents a
negative voltage. CO is set to indicate that
channel 1’s value is negative.

Invert the bit pattern in the accumulator.

Channel 1 data is in double word starting at V2040.

When the module is not busy, and X34 is on and
X35 and X36 are off, channel 2 data is stored in
V2001. C1 is reset to indicate that channel 2’s
value is positive.

If X37 is on, then the data value represents a
negative voltage. C1 is set to indicate that
channel 2's value is negative.

Invert the bit pattern in the accumulator.

’_{/}—{ }—{/}7 Channel 2 data is in double word starting at \V2042.
|
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Analog Power Failure Detection
The analog module has a microcontroller which can diagnose analog input circuit
problems. A ladder rung can be added to program to detect these problems. This rung
shows an input point that would be assigned if the module was used as shown in the
previous examples. A different point would be used if the module was installed in a
different /O configuration.

Multiplexing method

\
‘ V2000 KO X37 co V-memory location V2000 holds

‘ | -~ channel 1 data. When a data value
i \ - { [ OU@ of zero is returned and input X37 is
\

\

\

on, then the analog circuitry is not
operating properly.

Pointers method

\

| V2000 K8000 Cco V-memory location V2000 holds

‘ KOU'D channel 1 data. When a data value
i \ { & of 8000 is returned, then the analog
‘ circuitry is not operating properly.
\
\

Scaling the Input Data

Most applications usually require measurements in Units=AH=L
engineering units which provides more meaningful 4095
data. This is accomplished by using the conversion U = Engineering Units

formula shown.

Adjustments may be needed to the formula depending
on the scale being used for the engineering units.

A = Analog Value (0 - 4095)

H = High limit of the engineering
unitrange

For example, if pressure (psi) is to be measured

from 0.0-99.9 then multiply the value by 10 in order

to imply a decimal place when viewing the value

L = Low limit of the engineering
unitrange

with the programming software or with a handheld
programmer. Notice how the calculations differ when the multiplier is used.

Analog Value of 2024, slightly less than half scale, should yield 49.4 psi.

Example without multiplier Example with multiplier
Units =A H-L Units = T0A H-L
4095 4095
Units = 2024 100 -0 Units = 20240 100 -0
4095 4095
Units = 49 Units = 494
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The Conversion Program

The following example shows how to write the program to perform the engineering unit
conversion. This example assumes the raw input data read at V2000 is in BCD format.

. NOTE: This example uses SP1, which is always on, but any permissive contact such as, X, C, etc., can be used.

SP? D When SP1 s on, load channel 1 data to the acoumulator.
— | V2000
MUL Multiply the accumulator by 1000 (to start the conversion).
1 K1000
DIV Divide the accumulator by 4095.
| K4095

| ouT Store the result in V2010.
‘ —1 V2010
\

Analog and Digital Value Conversions
Sometimes it is useful to be able to quickly convert between the signal levels and the
digital values. This is especially helpful during machine startup or troubleshooting.
Remember, that this module does not operate like other versions of analog input modules.
The bipolar ranges use 0-4095 for both positive and negative voltages. The sign bit allows
this, which actually provides better resolution than those modules that do not offer a sign
bit. The following table provides formulas to make this conversion easier.

If the analog signal level is

Range If the digital value is known e
0-5V A= 5D D = 4095 (A)
+5V 4095 5
0-10V A= 5D D= 4095 ABS(A)
+10V 4095 10
As an example, if the range being used is £10V _
and the measured signal is 6V, use the formula D= 410095 A)
to the right to determine the digital value that is
stored in the V-memory location that contains the D = 4095 (6V)
data. 10
D = (409.5) (6)
D = 2457
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Filtering Input Noise for D2-250-1, D2-260 and D2-262 CPUs

Add the following logic to filter and smooth analog input noise in D2-250-1, D2-260 and
D2-262 CPUs. This is especially useful when using PID loops. Noise can be generated by the
field device and or induced by field wiring.

In the following example, the analog value in BCD is first converted to a binary number.
Memory location V1400 is the designated work space in this example. The MULR
instruction is the filter factor, which can be from 0.1-0.9. The example uses 0.2. A smaller
filter factor increases filtering. A higher precision value can be used, but it is not generally
needed. The filtered value is then converted back to binary and then to BCD. The filtered
value is stored in location V1402 for use in your application or PID loop.

NOTE: Please review intelligent instructions (IBox) in Chapter 5 of D2-USER-M, which simplify this and other
functions. The IBox instructions are supported by the D2-250-1, D2-260 and D2-262.

NOTE: Be careful not to do a multiple number conversion on a value. For example, if you are using the pointer
method to get the analog value, it is in BCD and must be converted to binary. However, if you are using the
conventional method of reading analog and are masking the first twelve bits, then it is already in binary and no
conversion using the BIN instruction is needed.

LD Loads the analog signal, which is a BCD value
| | V2000 and has been loaded from V-memory location
. V2000, into the accumulator. Contact SP1 is

always on.

Converts the BCD value in the accumulator to
| BIN binary. Remember, this instruction is not
needed if the analog value is originally

brought in as a binary number.

Converts the binary value in the accumulator
BTOR to a real number.

Subtracts the real number stored in location
SUBR V1400 from the real number in the accumulator,
V1400 and stores the result in the accumulator. V1400

is the designated workspace in this example.

MULR Multiplies the real number in the
7 accumulator by 0.2 (the filter factor),
' and stores the result in the
accumulator. This is the filtered value.

Adds the real number stored in
ADDR location V1400 to the real number
V1400 filtered value in the accumulator, and
stores the result in the accumulator.

Copies the value in the accumulator to
OouTD location V1400.
V1400

Converts the real number in the
RTOB accumulator to a binary value, and
stores the result in the accumulator.

Converts the binary value in the accumulator

BCD to a BCD number. Note: The BCD instruction
is not needed for PID loop PV (loop PV is a
binary number).

Loads the BCD number filtered value from
| ouT the accumulator into location V1402 to use in
| V1402 your application or PID loop.
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- Chapter 6: F2-04RTD 4-Channel RTD Input

Module Specifications

Module Calibration

The F2-04RTD 4-Channel Resistive Temperature Detector Input
Module provides the following features and benefits:

* Provides four RTD input channels with 0.1 °F temperature
resolution.

Automatically converts type Pt100Q, jPt100Q), Pt1000Q,
Cu25Q), Cu10Q) signals into direct temperature readings. No
extra scaling or complex conversion is required.

+ Temperature data can be expressed in °F or °C, and as
magnitude plus sign or 2's complement.

Precision lead wire resistance compensation by dual
matched current sources and ratiometric measurements.

 The temperature calculation and linearization are based on
data provided by the National Institute of Standards and
Technology (NIST).

Diagnostic features include detection of short circuits and
input power disconnection.

The module automatically re-calibrates every five seconds to remove any offset and gain
errors. The F2-04RTD module requires no user calibration. However, if your process requires
calibration, it is possible to correct the RTD tolerance using ladder logic. A constant can be
added or subtracted to the actual reading for that particular RTD.

RTD Input Configuration Requirements

The F2-04RTD temperature input module requires 32 discrete input points. The module can
be installed in any slot of a DL205 system, including remote bases. The limiting factors on
the number of analog modules used are:

« For local and local expansion systems, the available power budget and number of dis-
crete /O points.
- For remote 1/O systems, the available power budget and number of remote I/O points.
Check the user manual for the particular CPU model being used for more information

regarding the available power budget and number of local, local expansion or remote /O
points.

NOTE: D2-230 CPUs with firmware release version 1.6 or later, D2-240 CPUs with firmware release 2.5 or later,
D2-250 CPUs with firmware release version 1.06 or later are required for proper operation.
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Input Specifications

The following table provides the specifications for the F2-04RTD Input Module. Review
these specifications to make sure the module meets your application requirements.

Input Specifications

Number of Channels

4, differential inputs

Pt100  -200.0°C - 850.0°C (-328°F - 1562°F)
PT1000  -200.0°C - 595.0°C (-328°F — 1103°F)
jPt100 -38.0°C - 450.0°C (-36°F — 842°F)
F)
F)

Input Ranges
Cu10Q -200.0°C - 260.0°C (-328°F - 500°
Cu25Q -200.0°C - 260.0°C (-328°F - 500°
Resolution +0.1°C, +0.1°F (£3276.7)
Absolute Maximum Ratings Fault Protected Inputs to +50VDC
Converter Type Charge Balancing, 24 bit
Sampling Rate 160ms per channel

Linearity Error (End to End)

+0.05°C maximum, +0.01°C typical

PLC Update Rate

4 channels per scan max. (D2-240, D2-250-1, D2-260 or D2-262 CPU)

1 channel per scan max. (230 CPU)

Temperature Drift

5ppm per °C (maximum)

Maximum Inaccuracy

maximum inaccuracy = +1°C

RTD Excitation Current 200pA
Common Mode Range 0-5VDC

. >100dB notches @ 50/60Hz
Notch Filter £3dB = 131 Hz

Digital Input Points Required

32 (X) input points
15 binary data bits, 1 sign bit, 2 channel ID bits
4 fault bits

Power Budget Requirements

90mA @ 5VDC (supplied by base)

Operating Temperature

0-60°C (32-140°F)

Storage Temperature -20t0 70°C (-4 to 158°F)
Relative Humidity 5-95% (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
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Special Placement Requirements (D2-230 and Remote I/O Bases)
It is important to examine the configuration if a D2-230 CPU is being used. As can be seen
in the section on Writing the Control Program, V-memory locations are used to manage the
analog data. If the module is placed so that the input points do not start on a V-memory
boundary, the instructions will not be able to access the data. This also applies when placing
this module in a remote base using a D2-RSSS in the CPU slot. Refer to the diagrams below.

Correct! F2-04RTD
~
R (% (5% = |5 ]
—1 Sloto Slot 1 Slot 2 Slot 3 Slot 4
@ — 16pt 8pt 16pt 32pt 8pt
@ —] Output Output Input Input Input
= P
@ YO Y20 X0 X20 | X60
® - - - - -
£ Y17 | Y27 | X17 | X57 | X67
e O e Y e S e T Y I O
Data is correctly entered so input points startona V40400 V40403
V-memory boundary address from the table below. V40401 - V40402
MSB V40402 LSB MSB V40401 LSB
CITTTITTT I T T T T T
X XX X X XX X
5 54 4 3 32 2
7 07 0 7 07 0
Incorrect F2-04RTD

L %/ (0 e o I oy M@

oo oo oo

Slot 1 Slot 2 Slot3 | Slot4

8pt 16pt 8pt 32pt
Output Ol t Input Input Input

o\ /A
LN /™T
. oooa
g kﬂﬂﬂ

o

Bl | vo| vz \“K X20 | X30
Y17 | vor | x17 X67
D Y G s 0 W %\ﬁ

Data is split over three locations, so instructions cannot access data from a D2-230.

V40403

MSB Lss  MSB V40402 LSB  MSB V40401 LSB
CLITTIT T T T [T 1
X X X X X X X X X X X X
7 76 6 5 54 4 3 32 2
7 07 0 7 07 0o 7 07 0

To use the V-memory references required for a D2-230 CPU, the first input address
assigned to the module must be one of the following X locations. The table also shows the
V-memory addresses that correspond to these X locations.

X X0 X20 X40 X60 X100 X120 X140 X160
14 V40400 | V40401 | V40402 | V40403 | V40404 | V40405 | V40406 | V40407
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Setting the Module Jumpers

Jumper Locations
Locate the bank of seven jumpers (J8) on the PC board. Notice that the description of each
jumper is on the PC board. The following options can be selected by installing or removing
the jumpers:
* Number of channels: 1-4.
« The input type: 10Q or 25Q copper, jPt100Q, Pt100Q2 or Pt1000Q2 RTDs

+ Temperature conversion: 2's complement or magnitude plus sign format in Fahrenheit or
Celsius.

To prevent losing a jumper when it is removed, store it near its original location by sliding
one of its sockets over a single pin.

Selecting the Number of Channels

The two jumpers labeled CH+1 and CH+2 are used to select the number of channels that
will be used. The factory default setting is four-channel operation (both jumpers installed).
Any unused channels are not processed. For example, if you select channels 1 - 3, channel
4 will be inactive. The table shows how to arrange the jumpers to select the number of
channels.

X = jumper installed, empty space = jumper removed

Jumper location on re-designed modules —
Number of Jumper with single PC board design W
Channels pyrwmmmn e J7148"
1 CH+1 oo
2 X CH+2 | OO
Jumper location
3 X RTD-0 | B 9 |1 modules
4 X X RTD-1 | O O |with double
RTD-2 oo PC board
. design
Units-0 | O O
Units-1| 0 O

* Jumper is designated J8 on double PC board models
and J7 on single PC board models.

Setting Input Type
The jumpers labeled RTD-0, RTD-1, and RTD-2 are used to select the type of RTD. The

module can be used with many types of RTDs however, all channels of the module must be
the same RTD type.

The default setting from the factory is Pt100Q (RTD-2 comes with the jumper removed).
This selects the DIN 43760 European type RTD. European curve type RTDs are calibrated to
DIN 43760, BS1905, or IEC751 specification which is 0.00385 Q/Q/°C (100°C = 138.5Q).

The jPt100Q type is used for the American curve (0.00392 Q/Q/°C), platinum 100Q RTDs.
The 10Q and 25Q RTD settings are used with copper RTDs.
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The table shows how to arrange the jumpers to set the input type.
X = jumper installed, empty space = jumper removed.

Jumper Pins
RTD Inputs RTD-0 RTD-1 RTD-2
Cu 100
Cu 250 X
iPt1000 X
Pt10002 X X
Pt100002 X

Selecting the Conversion Units
Use the last two jumpers, Units-0 and Unit-1, to set the conversion unit. The options are
magnitude + sign or 2's complement in Fahrenheit or Celsius. The module comes from the
factory with both jumpers installed for magnitude + sign conversion in Fahrenheit.

All RTD types are converted into a direct temperature reading in either Fahrenheit or
Celsius. The data contains one implied decimal place. For example, a value in V-memory of
1002 would be 100.2°C or °F.

Negative temperatures can be represented in either 2's complement or magnitude plus
sign form. If the temperature is negative, the most significant bit in the V-memory location
is set (X17, if the starting address for the module is X0).

The 2's complement data format may be required to correctly display bipolar data on some
operator interfaces. This data format could also be used to simplify averaging a bipolar
signal. To view this data format in DirectSoft, select Signed Decimal.

The table shows how to arrange the jumpers.
X = jumper installed, empty space = jumper removed.

! Magnitude + Sign 2’s Compliment
hanne °F oc °F oc
Units-0 X X
Units-1 X X
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Connecting the Field Wiring

Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

* Use the shortest wiring route whenever possible.

 Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wirinlg next to large motors, high current switches, or transformers.
This may cause noise problems.

* Route the wiring through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

RTD - Resistance Temperature Detector

Use shielded RTDs whenever possible to minimize noise on the input signal. Ground the
shield wire at one end only, preferably at the RTD source.

Lead Configuration for RTD Sensors

The suggested three-lead configuration shown below provides one lead to the
CH+ terminal, one lead to the CH- terminal, and one lead to the common terminal.
Compensation circuitry nulls out the lead length for accurate temperature measurements.

Some sensors have four leads. When making connections, do not connect the second lead
to the CH+ input; leave that lead unconnected.

Do not use configurations that lack the use of the same color lead to both the CH-and
COM terminals. There is no compensation so temperature readings will be inaccurate.

This module has low RTD excitation current, the worse case dissipation with 100Q RTDs
connected is only

0.016 mW. Wiring Connections For Typical RTD Sensor
Red To CH-
Red
To COM
Sensor
Whit
N Whit ('Ife licabl )To ch
ite (if applicable
e [ approahs No Connection

(if sensor has 4 leads, only
connect one lead to CH+)
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Ambient Variations in Temperature
The F2-04RTD module has been designed to operate within the ambient temperature
range of 0 to 60°C.
Precision analog measurement with no long term temperature drift is assured by a
chopper stabilized programmable gain amplifier, ratiometric referencing, and automatic
offset and gain calibration.

Wiring Diagram
The F2-04RTD module has a removable connector to make wiring easier. Simply squeeze
the top and bottom retaining clips and gently pull the connector from the module.

Note 1 r— " "
: Cht - 200 A
@ LE Ch1+ Current |
I'E ch2 - Source |
@ FIE Ch2 +
C >
T 3 Ref. |
—1 Ch3 - S Adi. |
_EE ch3+ | =
X Ch4 - 5 |
Note 2 g o +
L Ch4 + % AD
Note 3 < - |
| 200uA |
ov Current
| Source |
F2-04RTD
e - - - - _ _

or drain wire for the third connection.
NOTE 2: Ifan RTD sensor has four wires, the plus (+) sense wire should be left unconnected as shown.
NOTE 3: Short unused channels to COM terminal (C)

. NOTE 1: The three wires connecting an RTD to the module must be the same type and length. Do not use the shield
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Module Operation

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes the analog signals.

Channel Scanning Sequence (Multiplexing) for a D2-230 CPU
The F2-04RTD module can supply different amounts of data per scan, depending on the
type of CPU being used. The D2-230 can obtain one channel of data per CPU scan. Since
there are four channels, it can take up to four scans to get data for all channels. Once all
channels have been scanned the process starts over with channel 1. Unused channels are
not processed, so if only two channels are selected, each channel will be updated every
other scan. The multiplexing method can also be used for the D2-240, D2-250-1, D2-260 or
D2-262 CPUs.

=)

gl

Scan /

’ Read Inputs SD)I'_SZtggwc\‘/\lggl
v

Execute Application Program
Read the data ScanN <— |Channel 1

Scan N+1 <—

Store data Scan N+2 <—
il

Scan N+3 <—

Y Scan N+4 <—

’ Write to Outputs ‘

-

= O | T |
BE | B8 (B8 88 B

b)) =
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Channel Scanning Sequence (Pointer Method) for D2-240, D2-250-1,

D2-260 or D2-262 CPUs
If a D2-240, a D2-250-1, a D2-260 or a D2-262 CPU is being used, all four channels of
input data can be captured in one scan. This is because the D2-240, D2-250-1, D2-260
and D2-262 CPUs support special V-memory locations that are used to manage the
data transfer. This is discussed in more detail in the next section on Writing the Control

Program.
0
@ g
S |
can
/ System With
/ ¥ D2-240, D2-250-1,

’ Read Inputs D2-260 8{3 82-262
v

Execute Application Program
Read the data ScanN €<— | Ch1,2 3,4

% ScanN+1 <—| [ Ch1,2,3,4

ScanN+2 <—| Ch 1,2, 3,4

LT |
[EEEIE

Store data

ScanN+3 €<—| Ch1,2,3,4

v ScanN+4 <—1| Ch 1,2, 3,4
| write to Outputs |

Analog Module Updates
Even though the channel updates to the CPU are synchronous with the CPU scan, the
module asynchronously monitors the analog transmitter signal and converts the signal to
a 16-bit binary representation. This enables the module to continuously provide accurate
measurements without slowing down the discrete control logic in the RLL program.

The time required to sense the temperature and copy the value to V-memory is 160ms
minimum to 640ms plus 1 scan time maximum (number of channels x 160ms + 1 scan
time).
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Writing the Control Program
Reading Values: Pointer Method and Multiplexing

There are two methods of reading values:

« Pointer method

* Multiplexing
The multiplexing method must be used with a D2-230 CPU. The multiplexing method
must also be used with remote I/O modules (the pointer method will not work). Either

method can be used with the D2-240, D2-250-1, D2-260 or D2-262 CPUs, but for ease of
programming it is highly recommended to use the pointer method.

Pointer Method for the D2-240, D2-250-1, D2-260 or D2-262 CPUs

The CPU has special V-memory locations (shown in tables on the following page) assigned
to each base slot that greatly simplifies the programming requirements. These V-memory
locations allow you to:

« Specify the data format

« Specify the number of channels to scan.
« Specify the storage locations.

The example program shows how to setup these locations. Place this rung anywhere in the
ladder program, or in the initial stage if stage programming instructions are used. This is all
that is required to read the data into V-memory locations. Once the data is in V-memory,
math instructions can be used on the data, compare the data against preset values, etc.
V2000 is used in the example, but any user V-memory location can be used. The module is
installed in slot 2 for the examples. Use the V-memory locations shown in the application.
The pointer method automatically converts values to BCD.

NOTE: D2-240 CPUs with firmware release version 2.5 or later and D2-250 CPUs with firmware
release version 1.06 or later support this method. Use the D2-230 multiplexing example if the firmware
revision is earlier .

SPO F————n
— ——Lb -or- | LD |
K0400 LK8400_ |

Loads a constant that specifies the number of channels to scan and
the data format. The upper byte, most significant nibble (MSN)
selects the data format (0=BCD, 8=Binary), the LSN selects the
number of channels (1, 2, 3, or 4).

The binary format is used for displaying data on some operator
interfaces. The D2-230 and D2-240 CPUs do not support binary math
functions, whereas the D2-250, D2-250-1, D2-260, and D2-262 do.

ouT Special V-memory location assigned to slot 2 that contains the
V7662 number of channels to scan.

This loads an octal value for the first V-memory location that will be
LDA used to store the incoming data. For example, the 02000 entered
02000 here would designate the following addresses:

Ch1 - V2000, V2001, Ch 2 - V2002, V2003, Ch 3 - V2004, V2005,
Ch 4 - V2006, V2007.

The octal address (02000) is stored here. V7672 is assigned to slot
V7672 2 and acts as a pointer, which means the CPU will use the octal
value in this location to determine exactly where to store the
incoming data.

il
c
=
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The following tables show the special V-memory locations used by the D2-240, D2-250-
1, D2-260 or D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if the D2-230 (multiplexing) method is used, verify
that these addresses in the CPU are 0 (zero).

The Table below applies to the D2-240, D2-250-1, D2-260 or D2-262 CPU base.
CPU Base: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
[No.of Channets V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667
|StoragePointer V7670 | V7671 | V7672 | V7673 | V7674 | V7675 | V7676 | V7677

The Table below applies to the D2-250-1, D2-260 or D2-262 CPU base 1.
Expansion Base D2-CM #1: Analog Input Module Slot-Dependent V-memory

Locations
Siot 0 1 2 3 4 5 6 7
[No.of Channels V36000 | V36001 | V36002 | V36003 | V36004 | V36005 | V36006 | V36007
[storage pointer V36010 | V36011 | V36012 | V36013 | V36014 | V36015 | V36016 | V36017

The Table below applies to the D2-250-1, D2-260 or D2-262 CPU base 2.

Expansion Base D2-C :
Slot 0 1 2 3 4 5 6 7
[No. of Channels V36100 | V36101 | V36102 | V36103 | V36104 | V36105 | V36106 | V36107
[storage Pointer V36110 | V3111 | V36112 | V36113 | V36114 | V36115 | V36116 | V36117

The Table below applies to the D2-260 and D2-262 CPU base 3.

Expansion Base D2-CM #3: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
|No. of Channels V36200 V36201 V36202 V36203 V36204 V36205 V36206 V36207
|Storage Pointer V36210 V36211 V36212 V36213 V36214 V36215 V36216 V36217

The Table below applies to the D2-260 and D2-262 CPU base 4.
Expansion Base D2-CM #4: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
e V36300 | V36301 | V36302 | V36303 | V36304 | V36305 | V36306 | V36307
Storage Pointer| V36310 | V36311 | V36312 | V36313 | V36314 | V36315 | V36316 | V36317
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Negative Temperature Readings with Magnitude Plus Sign (Pointer
Method) for the D2-240, D2-250-1, D2-260 or D2-262 CPUs

With bipolar ranges, some additional logic will be needed to determine whether the
value being returned represents a positive voltage or a negative voltage. For example, the
direction for a motor might need to be known. There is a solution for this:

« If bipolar ranges are used and a value greater than or equal to 8000hex is obtained, the
value is negative.
« If a value less than or equal to 7FFFhex is obtained, then the value is positive.

The sign bit is the most significant bit, which combines 8000hex to the data value. If the
value is greater than or equal to 8000hex, only the most significant bit and the active
channel bits need to be masked to determine the actual data value.

‘E NOTE: D2-240 CPUs with firmware release version 2.5 or later and D2-250 CPUs with firmware release version 1.06
or later support this method. Use the D2-230 multiplexing example if your firmware is an earlier version.

The two programs on the next page show how this can be accomplished. The first example
uses magnitude plus sign (binary) and the second example uses magnitude plus sign (BCD).
The examples only show two channels.

It is good to know when a value is negative, so these rungs should be placed before any
other operations that use the data, such as math instructions, scaling operations, etc. Also,
if stage programming instructions are being used, these rungs should be in a stage that is
always active.

‘E NOTE: This logic is only needed for each channel that is using bipolar input signals.
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Magnitude Plus Sign (Binary)

Check Channel 1
SP1

H |

V2000

Check Channel 2
SP1

}7

| V2002

Magnitude Plus Sign (BCD)

6-14 |

Check Channel 1
SP1

H

V2001
|

LDD
V2000

ANDD
K7FFFFFFF

OUTD
V2010

K8000

C1

Check Channel 2
SP1

| V2003

Sl —

|
=

ouT)

K8000

C2

DL205 Analog 1/0

ouT)

Load channel 1 data from V-memory into the
accumulator. Contact SP1 is always on.

This instruction masks the sign bit of the binary data, if
it is set. Without this step, negative values will not be
correct so do not forget to include it.

Put the actual signal value in V2010. Now you can use
the data normally.

Channel 1 data is negative when C1 is on (a value of
-1.0 reads as 8010, -2.0 is 8020, etc.).

Load channel 2 from V-memory into the accumulator.
Contact SP1 is always on.

This instruction masks the sign bit of the binary data, if
it is set. Without this step, negative values will not be
correct so do not forget to include it.

Put the actual signal value in V2012. Now you can use
the data normally.

Channel 2 data is negative when C2 is on (a value of
-1.0 reads as 8010, -2.0 is 8020, etc.).

Load channel 1 data from V-memory into the
accumulator. Remember, the data can be negative.
Contact SP1 is always on.

This instruction masks the sign bit of the BCD data, if it
is set. Without this step, negative values will not be
correct so do not forget to include it.

Put the actual signal value in V2010. Now you can use
the data normally.

Channel 1 data is negative when C1 is on (a value of
-1.0 reads as 8000 0010, -2.0 is 8000 0020, etc.).

Load channel 2 from V-memory into the accumulator.
Remember, the data can be negative. Contact SP1 is
always on.

This instruction masks the sign bit of the BCD data, if it
is set. Without this step, negative values will not be
correct so do not forget to include it.

Put the actual signal value in V2012. Now you can use
the data normally.

Channel 2 data is negative when C2 is on (a value of
-1.0 reads as 8000 0010, -2.0 is 8000 0020, etc.).

Manual, 7th Edition, Rev. H



https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 6: F2-04RTD 4-Channel RTD Input.

Negative Temperatures 2's Complement (Binary/Pointer Method) for the
D2-240, D2-250-1, D2-260 or D2-262 CPUs

The 2's complement mode is used for negative temperature display purposes, while at the
same time using the magnitude plus sign of the temperature in a control program. The
DirectSoft element Signed Decimal is used to display negative numbers in 2's complement
form. To find the absolute value of a negative number in 2's complement, invert the
number and add 1 as shown in the following example.

V2000  K8000 D Load negative value into the accumulator so we
| < } V2000 can convert it to a positive value.
INV Invert the binary pattern in the accumulator.

ADDB Add 1.

K1

ouT Save Channel 1 data at VV2010.
! V2010

Repeat for other channels as required.

Understanding the Input Assignments (Multiplexing Ladder Only)
Remember that this module appears to the CPU as a 32-point discrete input module. Use
these points to obtain:

« An indication of which channel is active
« The digital representation of the analog signal
* Module diagnostic information
Since all input points are automatically mapped into V-memory, it is easy to determine the
location of the data word that will be assigned to the module.
F2-04RTD

LI

ooo
ilil:}

oo oo

Slot 0 Slot 1 Slot 2 Slot 3 Slot 4

8pt 8pt 32pt 16pt 16pt
Input Input Input Input Output

X0 | X10 | X20 | X60 | YO

X7 X17 | X57 X77 | Y17
| | | 1 1 1

V40400 V40403

V40402 V40401

MSB LSB MSB LSB
CITTTTITTITTITITITIIT] [T I T TrTT]
Bit 151413121110 9 8 7 6 5 4 3 2 1 0 Bt 151413121110 9 8 7 6 5 4 3 2 1 0
X X X X X X X X
5 54 4 3 32 2
7 07 0 7 07 0
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When a D2-230 CPU is used, the input points must start on a V-memory boundary. To use
the V-memory references required for a D2-230 CPU, refer to the table below. The first
input address assigned to a module must be one of the X inputs shown. The table also
shows the V-memory addresses that correspond to these X inputs.

X X0 X20 X40 X60 X100 X120 X140 X160
v V40400 | V40401 | V40402 | V40403 | V40404 | V40405 | V40406 | V40407

Analog Data Bits

The first 16 bits represent the analog MSB V40401 LSB
data in binary format. B | TTTTTTTTTTI 1]
Bit Value Bit Value 1111119876543210
0 1 8 256 543210
X X
! 2 ? >12 3 [ ] = data bits 2
2 4 10 1024 7 0
3 8 11 2048
4 16 12 4096
5 32 13 8192
6 64 14 16384
7 128 15 32768
Active Channel Bits
The active channel bits represent the
multiplexed channel selections in binary V40402
format. MSB LSB
Bit1 Bit0  Channel CITTTITTITTIITITITTT]
10
0 0 1 X X
0 1 2 5 , . 4
7 [] =active channel bits
1 0 3 0
1 1 4
Broken Transmitter Bits (Multiplexing Ladder Methods)
The broken transmitter bits are on
- . V40402
when the corresponding RTD is open. MSB LSB
HHIIIIIHHHH
s - - 119876543210
‘E NOTE: The broken transmitter bits only 10
function using the Multiplexing method. X XX X
5 54 4
7 07 0

[] =broken transmitter bits
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Reading Magnitude Plus Sign Values (Multiplexing)

The D2-230 CPU does not have the special V-memory locations that allows for automatic
management of the data transfer. Since all channels are multiplexed into a single data
word, the control program must be set up to determine which channel is being read. Since
the module appears as X input points to the CPU, it is very easy to use the active channel
status bits to determine which channel is being monitored.

NOTE: D2-230 CPUs with firmware release version 1.6 or later required for multiplexing ladder.

\ SP? 5
— V40401
ANDD
L K7FFF
Store Channel 1
X40 X411 X550
L1/ ouT
—/—/1 V2000
co
——(RrsT)

X40

X41

Store Channel 2

X51

X37

Co
——CseD

ouT

H

4

|
%

Store Channel 3

V2001

c1
—G&sD
X37

G

X40  X41 X52
| | ] | /| ouT
%/ [ [ \/ [ V2002
Cc2
———sD
X37 c2
Store Channel 4 _{ (SET)
X40  X41 X53
% | | ] | /\ ouT
[ [ 8] V2003

C3
—@®sD
X37 Cc3

€ 2D

Loads the complete data word into the
accumulator. The V-memory location depends on
the I/O configuration. See Appendix A for the
memory map.

This instruction masks the sign bit. Without this,
the values used will not be correct so do not forget
to include it.

When X40, X41, and X50 are off, channel 1 data is
stored in V2000. CO is reset to indicate that
channel 1’s value is positive.

If X37 is on, the data value represents a negative
temperature. CO is set to indicate that channel 1's
value is negative.

When X40 is on and X41 and X51 are off, channel
2 data is stored in V2001. C1 is reset to indicate
that channel 2’s value is positive.

If X37 is on, the data value represents a negative
temperature. C1 is set to indicate that channel 2’s
value is negative.

When X40 and X52 are off and X41 is on, channel
3 data is stored in V2002. C2 is reset to indicate
that channel 3’s value is positive.

If X37 is on, then the data value represents a
negative temperature. C2 is set to indicate that
channel 3's value is negative.

When both X40 and X41 are on and X53 is off,
channel 4 data is stored in V2003. C3 is reset to
indicate that channel 4’s value is positive.

If X37 is on, the data value represents a negative
temperature. C3 is set to indicate that channel 4’s
value is negative.
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Reading 2's Compliment Values (Multiplexing)
The D2-230 CPU does not have the special V-memory locations that allows for automatic
management of the data transfer. Since all channels are multiplexed into a single data
word, the control program must be set up to determine which channel is being read. Since
the module appears as X input points to the CPU, it is very easy to use the active channel
status bits to determine which channel is being monitored. The 2's complement data
format may be required to correctly display bipolar data on some operator interfaces. This
data format could also be used to simplify averaging a bipolar signal. To view this data
format in DirectSOFT, select Signed Decimal.

| Load Data
| SP1 Loads the complete data word into the accumulator.
4{ | V40401 The V-memory location depends on the 1/0
[ configuration.
ANDD This instruction masks the channel sign bit.
K7FFF
Store Channel 1
%X‘“l) T<4|1 T<5? ouT When X40, X41 and X50 are off, channel 1 data is
tored in V2000.
1/ V2000 s
Store Channel 2
X40 X41 X51 ouT When X40 is on and X41 and X51 are off, channel 2
4{ } {/} {/} V2001 data is stored in V2001.
Store Channel 3
X40 X41 X52 ouT When X40 and X52 are off and X41 is on, channel 3
%/} { } {/} V2002 data is stored in V2002.
Store Channel 4
X40 X41 X53 ouT When both X40 and X41 are on and X53 is off, channel
“ } { } {A V2003 4 data is stored in V2003.

Scaling the Input Data
No scaling of the input temperature is required. The readings directly reflect the actual
temperatures. For example: a reading of 8482 is 848.2°C, a reading of 16386 is -0.2°C
(magnitude plus sign) and a reading of 32770 is -0.2° (2's complement).
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Filtering Input Noise (D2-250-1, D2-260 and D2-262 CPUs Only)

Add the following logic to filter and smooth analog input noise in D2-250-1, D2-260 and
D2-262 CPUs. This is especially useful when using PID loops. Noise can be generated by the
field device and/or induced by field wiring.

In the following example, the analog value in BCD is first converted to a binary number.
Memory location V1400 is the designated workspace in this example. The MULR instruction
is the filter factor, which can be from 0.1-0.9. The example uses 0.2. Using a smaller filter
factor increases filtering. A higher precision value can be used, but it is not generally
needed. The filtered value is then converted back to binary and then to BCD. The filtered
value is stored in location V1402 for use in the application program or a PID loop.

NOTE 1: Please review intelligent instructions (IBox) in Chapter 5 of D2-USER-M, which simplify
this and other functions. The IBox instructions are supported by the D2-250-1, D2-260 and
D2-262.

NOTE 2: Be careful not to do a multiple number conversion on a value. For example, if the pointer
method is used to get the analog value, it is in BCD and must be converted to binary. However, if
the conventional method of reading analog is used and the first 15 bits are masked, the value is
already in binary and no conversion is needed. Also, if the conventional method is used, change
the LDD V2000 instruction to LD V2000.

! SP1 Loads the analog signal, which is a BCD value
| I\-/B([))OO and has been loaded from V-memory location
[ V2000, into the accumulator. Contact SP1 is
always on.

Converts the BCD value in the accumulator to
| BIN binary. Remember, this instruction is not
needed if the analog value is originally
brought in as a binary number.

Converts the binary value in the accumulator
BTOR to a real number.

Subtracts the real number stored in location
SUBR V1400 from the real number in the accumulator,
V1400 and stores the result in the accumulator. V1400

is the designated workspace in this example.

Multiplies the real number in the
'\RA(%HZ_R accumulator by 0.2 (the filter factor),
. and stores the result in the
accumulator. This is the filtered value.

Adds the real number stored in
location V1400 to the real number
filtered value in the accumulator, and
stores the result in the accumulator.

Copies the value in the accumulator to
OuTD location V1400.
V1400
Converts the real number in the

7 accumulator to a binary value, and

stores the result in the accumulator.

Converts the binary value in the accumulator
to a BCD number.

NOTE: The BCD instruction is not needed for
PID loop PV (loop PV is a binary number).

Loads the BCD number filtered value from
| OouTD the accumulator into location V1402 to use in
| V1402 your application or PID loop.
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- Chapter 7: F2-04THM, 4-Channel Thermocouple Input

Module Specifications

The F2-04THM, 4-Channel Thermocouple Input Module provides
the following features and benefits:

+ Four thermocouple input channels with 16-bit voltage resolu-
tion or 0.1°F/°C temperature resolution.

Automatically converts type E, J, K, R, S, T, B, N, or C ther-

Technology (NIST).

Diagnostic features include detection of thermocouple burn-
out or disconnection.

+24V
Ov

18-26.4VDC, 60mA.

mocouple signals into direct temperature readings. No extra e
scaling or complex conversion is required. [ERRE g
» Temperature data can be expressed in °F or °C. CH1 + :
* Module can be configured as +5V, +156mV, 0-5V, 0-156mV CH1 '
inéau'g and will convert volts and millivolt signal levels into CH2 + —
16-bit digital (0-65535) values. - —
W
« Signal processinﬁ features include automatic cold junction ~
compensation, thermocouple linearization, and digital filter- CH3+ @
ing. CH3 @
» The temperature calculation and linearization are based on CHi+ =
data provided by the National Institute of Standards and N
w
—
N
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Chapter 7: F2-04THM, 4-Channel Thermocouple Input.

The following tables provide the specifications for the F2-04THM Analog Input Module.
Review these specifications to make sure the module meets your application requirements.

General Specifications

Number of Channels 4, differential
Common Mode Range +5VDC
Common Mode Rejection 90dB min. @ DC, 150dB min. @ 50/60Hz.
Input Impedance 1MQ min.
Absolute Maximum Ratings Fault-protected inputs to +50VDC
+5ppm/°C maximum; full scale calibration
Accuracy vs. Temperature - . .
(including maximum offset change)
Sampling Rate All 4 channels: 1.4 seconds (*5.4 seconds)
4 channels per scan max. (D2-240, D2-250-1, D2-260 and D2-262
PLC Update Rate CPU)
1 channel per scan ,max. D2-230 CPU
Digital Inputs 16 binary data bits, 2 channel ID bits, 4 diagnostic bits
Input Points Required 32 point (X) input module
Power Budget Requirement 80mA (*100mA ) maximum, 5VDC (supplied by base)
External Power Supply 40 mA, 10-30 VDC (*60 mA, 18-26.4 VDC)
Operating Temperature 0-60°C (32-140°F)
Storage Temperature -2°C 1070°C (-4°F t0158°F)
Relative Humidity 5-95% (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

Thermocouple Specifications

TypeJ  -190-760°C  (-310-1400°F)
Type K -150-1372°C  (-238-2502°F)
TypeE  -210-1000°C  (-346-1832°F)
TypeR  65-1768°C  (149-3214°F)
P — WPeR - 65-1768°C  (149-3214°F)
TypeS  B5-1768°C  (149-3214°F)

Type T -230400°C  (-382-752°F)
Type B 529-1820°C  (984-3308°F)
(

(

Type N -70-1300°C  (-94-2372°F)
Type C 65-2320°C  (149-4208°F)
Display Resolution +0.1°C or £0.1°F
Cold Junction Compensation Automatic
Warm-Up Time 30 minutes typically £1°C repeatability
Linearity Error (End to End) +1°C maximum, £0.5°C typical
Maximum Inaccuracy +3°C (excluding thermocouple error)

NOTE: *R Wide range is available only on modules with date code 0410E2 and later.
‘E NOTE: Values in parenthesis with an asterisk are for older modules with two circuit board design and date codes
0806E1 or previous. Values not in parenthesis are for single circuit board models with date code 0806E 1 and above.
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Voltage Input Specifications

Voltage Ranges Voltage: 0-5V, +5V, 0-156.25 mV, +156.25 mVDC,
Resolution 16 bit (1 in 65535)

;-'(L)llflfss‘;aé(:rgra :féﬂg’e':’f"or +13 count typical, £33 maximum

Offset Calibration Error +1 count maximum @ 0V input

Linearity Error (End to End) +1 count maximum

Maximum Inaccuracy +0.02% @ 25°C (77°F)

Module Calibration
The F2-04THM module requires no calibration. The module automatically calibrates every
five seconds, which removes offset and gain errors. For each thermocouple type, the

temperature calculation and linearization performed by the microprocessor is accurate to
within 0.01°C.

Thermocouple Input Configuration Requirements

The F2-04THM temperature input module requires 32 discrete input points. The module
can be installed in any slot of a DL205 system. The limitations on the number of analog
modules are:

« For local and local expansion systems, the available power budget and number of dis-
crete 1/0O points.

« For remote 1/O systems, the available power budget and number of remote I/O points.

Check the user manual for the particular model of CPU and 1/0 base being used for more
information regarding power budget and number of local, local expansion or remote 1/0
points.

7_4 I DL205 Analog I/O Manual, 7th Edition, Rev. H


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 7: F2-04THM, 4-Channel Thermocouple Input.

Special Placement Requirements (D2-230 and Remote I/O Bases)
It is important to examine the configuration if a D2-230 CPU is being used. As can be seen
in the section on Writing the Control Program, V-memory locations are used to manage
the analog data. If the module is placed in a slot so that the input points do not start on a
V-memory boundary, the program instructions aren't able to access the data. This also
applies when placing this module in a remote base using a D2-RSSS in the CPU slot.

Correct! F2-04THM
~
B e B

ooo
ooo
ooo
ooo
ooo
ooo
ooo
ooo
ooo
ooo

= == = == oo

Slot0 | Slot 1 Slot 2 Slot 3 Slot 4

16pt 8pt 16pt 32pt 8pt
Output Output Input Input Input

X0 X20 | X60

Tk
j
:
[

G
<
o
<
8

Y17 | Y27 | X17 X57 | X67
| | | |

M |
Data is correctly entered, so input points start on a V40400 V40403
V-memory boundary address as in the table graphic below. V40401 - V40402
MSB V40402 LSB V40401 LSB
lIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIII
5 54 4 3 32 2
7 07 0 7 07 0
Incorrect F2-04THM

LI (I ) oy By
E}{E a8 S8 =L

S )Sm\ Slot1 | Slot2 | Slot3 | Slot4
/é_‘é 16pt 8pt 16pt 8pt 32pt
o

oon
oon
oon
oon
oon
oon
oon

Output O t Input Input Input

B | vo | vao [Pq | xeo | x3o0
Y17 | Y27 | X17 X67
— — — 1 %W
Data is split over three locations, (see graphic below) so instructions cannot access data from
a D2-230 CPU.
\iSB V40403 LSB  MSB V40402 LS8 MSB V40401 LSB
(LTI T T lIIIIIlIlHHHH
X X X X X X X X X X X
7 76 6 5 54 4 3 32 2
7 07 0o 7 07 o 7 07 0

V-memory references required for a D2-230 CPU, the first input address assigned to the
module must be one of the following X locations. The corresponding V-memory addresses
for the X locations are shown below.

X X0 X20 X40 X60 X100 X120 X140 X160
4 V40400 | V40401 | V40402 | V40403 | V40404 | V40405 | V40406 | V40407
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Setting the Module Jumpers

Jumper Locations

Use the figures below to locate the single jumper (J9) and the bank of eight jumpers (J7)
on the PC board. Notice that the PC board was re-designed starting with date code 0806E1
and the jumper locations changed; the functionality of the jumpers did not change. To
prevent losing a jumper when it is removed, store it in its original location by sliding one
of its sockets over a single pin. The following options can be selected by installing or
removing the appropriate jumpers:

* Number of channels

* Input type
« Conversion unit
» Calibrate enable

Calibrate Enable

Jumper locations for modules Jumper locations for modules
having date code prior to 0806E1. having date code 0806E1 and later.
Jo 7
Calibrate enable J7 Options
J7 oo ch+
\ 7 Options W oo CH+2
p CH+1 00 Tc Type 0
e CH+2 47 oo Tc Type 1
oo Tc Type O % oo Te Type 2
J9 J7 0o Tc Type 1 — oo Tc Type 3
% D —= [ToTyeez 3o oo Units-0
oo Units-1
oog Tc Type 3
j}\ oo Units-0 J9
oo Units-1 i Calibrate enable

Locate the “Calibrate enable” jumper J9.

The jumper comes from the factory with the jumper removed (the jumper is installed on
one of the two pins only). Installing this jumper disables the thermocouple active burn-out
detection circuitry, which enables a thermocouple calibrator to be attached to the module.

To be certain that the output of the thermocouple calibrator is within the 5V common
mode voltage range of the module, connect the negative side of the differential voltage
input channel to the OV terminal, then connect the thermocouple calibrator to the
differential inputs (for example, Ch 3+ and Ch 3).

For the voltage input ranges, this jumper is inactive and can be installed or removed with
no effect on voltage input.
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Selecting the Number of Channels
The top two J7 jumpers labeled CH+1 and
CH+2 determine the number of channels
that will be used. The table shows how to set
the jumpers for channels 1 to 4. The module
comes with both jumpers installed for four
channel operation. For example, to select
channels 1 to 3, leave the CH+2 jumper
installed and remove the CH+1 jumper.

Any unused channels are not processed.
For example, if channels 1 to 3 are selected,
channel 4 will not be active.

Setting Input Type

X = jumper installed

Blank space = jumper removed

Number of Jumper
Channels CH+1 CH+2
1 - -
2 X
3 - X
4 X X

The next four jumpers, Tc Type 0, Tc Type 1, Tc Type 2, and Tc Type 3, must be set to match
either the type of thermocouple being used or the input voltage level. Since the module
can be used with many types of thermocouples, use the table below to determine the

proper settings for the thermocouple being used.

The module comes from the factory with all four jumpers installed for use with a J type
thermocouple. To use a K type thermocouple, remove the jumper labeled Tc Type 0.

‘E INOTE: All channels of the module must be the same thermocouple type or voltage range.

X = Jumper installed, and blank space = Jumper removed.

Thermocouple/ Jumper

Voltage Inputs Tc Type 0 Tc Type 1 Tc Type 2 Tc Type 3
J X X X X
K - X X X
E X - X X
R - - X X
R Wide* - X - -
S X X - X
T - X - X
B X - - X
N - - - X
c X X X -
0-5v - X X -
+5V X - X -
0-156 mV - - X -
+156 mV X X - -

‘E *NOTE: R Wide is only available on modules with date code 0410E2 and later.
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Selecting the Conversion Units

Use the last two jumpers, Units-0 and Units-1, to set the conversion unit used for either
thermocouple or voltage inputs. The options are magnitude plus sign or 2's complement,
plus Fahrenheit or Celsius for thermocouples. See the next two sections for jumper settings
when using either thermocouple or voltage inputs.

Thermocouple Conversion Units

Voltage Conversion Units

All thermocouple types are converted into a direct temperature reading in either Fahrenheit
or Celsius. The data contains one implied decimal place. For example, a value in V-memory
of 1002 would be 100.2°F or °C.

For thermocouple ranges which include negative temperatures (J,E K, T,N), the display
resolution is from -3276.7 to +3276.7. For positive-only thermocouple ranges (R,S,B,C), the
display resolution is 0 — 6553.5.

Negative temperatures can be represented in either 2's complement or magnitude plus
sign form. If the temperature is negative, the most significant bit in the V-memory location
is set (X17, if the starting address for the module is X0).

The 2's complement data format may be required to correctly display bipolar data on some
operator interfaces. This data format could also be used to simplify averaging a bipolar
signal. To view this data format in DirectSoft, select Signed Decimal.

For unipolar thermocouple ranges (R,S,B,C), it does not matter if magnitude plus sign or
2's complement is selected.

Use the table to select settings. The module comes with both jumpers installed for
magnitude plus sign conversion in Fahrenheit. For example, remove the Units-0 jumper and
leave the Units-1 jumper installed for magnitude plus sign conversion in Celsius.

X = Jumper installed, and Number Temperature

blank space = Jumper removed. of Magnitude + Sign 2’s Compliment
Channels °F °C °F °C
Units-0 X - X -
Units-1 X X - -

The bipolar voltage input ranges, 5V or 156mV (see previous page for 5V and 156mV
settings), may be converted to a 15-bit magnitude plus sign or a 16-bit 2's complement
value.

Use the table to select settings. The module comes with both jumpers installed for

magnitude plus sign conversion. :
Remove the Units-1 jumper and VOItageU(I:19tI]sver8|on

leave the Units-0 jumper installed

for 2's complement conversion. Magnitude 2’s
. Plus Sign | Compliment
X = Jumper installed, and .
blank space = Jumper removed.  |Units-0 X X
Units-1 X -

NOTE: When selecting a Unipolar Voltage mode (0-5V, 0-156mV), BCD data type will not give a correct reading.
Decimal data type should always be used for Unipolar Voltage modes.
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Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

« Use the shortest wiring route whenever possible.

« Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

+ Route the wiring through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

User Power Supply Requirements
The F2-04THM module requires at least one field-side power supply. The same or separate
power sources can be used for the 0-5 V or 0-156 mV transmitter voltage supply. The
module requires 10-30 VDC, at 40mA, from the external power supply.
The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.
It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the voltage and current
requirements, and the transmitter’'s minus (-) side and the module supply’'s minus (-) side
are connected together.

' WARNING: If the internal 24VDC power budget is exceeded, it may cause unpredictable
° system operation that can lead to a risk of personal injury or equipment damage.

The DL205 base has a switching type power supply. As a result of switching, noise may
cause some instability into the analog input data if the base power supply is used. If this is
unacceptable, try one of the following:

1. Use a separate linear power supply.

2. Connect the 24VDC common to the frame ground, which is the screw terminal marked "G"
on the base.

Unused temperature inputs should be shorted together and connected to common.
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Thermocouples
Use shielded thermocouples whenever possible to minimize the presence of noise on the
thermocouple wire. Ground the shield wire at one end only. For grounded thermocouples,
connect the shield at the sensor end. For ungrounded thermocouples, connect the shield
to the OV (common) terminal.

Grounded Thermocouple Assembly

A grounded thermocouple provides better response time than an ungrounded
thermocouple because the tip of the thermocouple junction is in direct contact with the
protective case.

Ungrounded Thermocouple Assembly

An ungrounded thermocouple is electrically isolated from the protective case. If the case
is electrically grounded it provides a low-impedance path for electrical noise to travel. The
ungrounded thermocouple provides a more stable and accurate measurement in a noisy
environment.

Exposed Grounded Thermocouple

The thermocouple does not have a protective case and is directly connected to a device
with a higher potential. Grounding the thermocouple assures that the thermocouple
remains within the common mode specifications. Because a thermocouple is essentially a
wire, it provides a low-impedance path for electrical noise. The noise filter has a response
of >100dB @ 50/60 Hz.

WARNING: A thermocouple can become shorted to a high voltage potential. Because
common terminals are internally connected together, whatever voltage potential exists on
one thermocouple will exist on the other channels.

Ambient Variations in Temperature
The F2-04THM module has been designed to operate within the ambient temperature
range of 0 to 60°C.

The cold junction compensation is calibrated to operate in a still-air environment. If the
module is used in an application that has forced convection cooling, an error of 2 to 3°C
may be introduced. To compensate for this, ladder logic can be used to correct the values.

When configuring the system design it is best to locate any heat-producing devices above
and away from the PLC chassis because the heat will affect the temperature readings. For
example, heat introduced at one end of the terminal block can cause a channel-to-channel
variation.

When exposing the F2-04THM module to abrupt ambient temperature changes it will take
several minutes for the cold junction compensation and terminal block to stabilize. Errors
introduced by abrupt ambient temperature changes will be less than 4°C.

7_1 0 I DL205 Analog I/O Manual, 7th Edition, Rev. H


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 7: F2-04THM, 4-Channel Thermocouple Input.

Wiring Diagrams
Use the following diagrams to connect the field wiring.
Thermocouple Input Wiring Diagram

r— - — — - n
I I
CH1+4 | |
1
( CH1 | l
Examples of grounded | | o
thermocouple wiring F2-04THM
orvr !
c -
T =R, | F
3 — w
) > CH1
CHav-1 5 o ciz+ ©
( CH3 Q@ O -
E; | f ded Z ] - p=
xamples of grounde
thermgcouplegwiring I § I CH3 + =
CHa+ | CH3 @
CH4 E | CHé+ =
| CH4 -
Module Supply +24V0C 24V L
I pe
24VDC oV b d
T2 | <
= I
L _I

INOTE: Terminate shields at the respective signal source. Also, connect unused channels to a common terminal
(0V, CH4+, CH4).

Voltage Input Wiring Diagram

r— - - h

I I

CH1+4 |

T.Vonag'e ] CH1 5 |

I I

Volt CH2+IJ_I |
Traon:r?\ﬁter I_‘ CH2 II::I I :
B Z ¢
e AREN :
TVOnag_e CH3 |,==|| e | |6 | o
L =2 w7
Transmitter x I § I =
Supply = CH4+Q I “
CH4 ] | s
I I e
Module Supply -

+24VDC

24 _I:I I —
Ve o = 5 | ;

I I

LNV o= J

ranges, connect (-) or OV terminals (CH1, CH2, CH3, CH4) to OV module supply terminal to ensure common mode

. NOTE: Connect unused channels to a common terminal (OV, CH4+, CH4). Also, when using 0-156 mV and 5V
acceptance.

DL205 Analog I/O Manual, 7th Edition, Rev. H I 7_11


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

- Chapter 7: F2-04THM, 4-Channel Thermocouple Input

With grounded thermocouples, take

precautions to prevent having a voltage potential between
thermocouple tips. A voltage of 1.25V or greater between
tips will skew measurements.
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Module Operation

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes the analog signals.

Channel Scanning Sequence (Multiplexing) for a D2-230 CPU
The F2-04THM module can supply different amounts of data per scan, depending on the
type of CPU being used. The D2-230 can obtain one channel of data per CPU scan. Since
there are four channels, it can take up to four scans to get data for all channels. Once all
channels have been scanned the process starts over with channel 1. Unused channels are
not processed, so if only two channels are selected, each channel will be updated every

other scan. The multiplexing method can also be used for the D2-240, D2-250-1, D2-260 or
D2-262 CPUs.

L™ O | =T |
EEEZE

I
Scan /

’ Read Inputs SDyZStze3n8 \(/:VISB
v

B

Execute Application Program
Read the data ScanN <—
Scan N+1 <—
Store data Scan N+2 <—
— ]
Scan N+3 <—

7 Scan N+4 <—

’ Write to Outputs ‘

DL205 Analog I/O Manual, 7th Edition, Rev. H I 7_1 3


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

- Chapter 7: F2-04THM, 4-Channel Thermocouple Input

Channel Scanning Sequence (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs
If a D2-240, a D2-250-1, a D2-260 or a D2-262 CPU is being used, all four channels of
input data can be captured in one scan. This is because the D2-240, D2-250-1, D2-260
and D2-262 CPUs support special V-memory locations that are used to manage the
data transfer. This is discussed in more detail in the next section on Writing the Control
Program.

=gl e 06

E i
Bl
a
Scan

/ v / System With

D2-240, D2-250-1,
’ Rea(i Inputs Fﬁ D2-250 or D2-260 CPU

Execute Application Program
Read the data ScanN <— | Ch 1,2, 3,4

% ScanN+1 <— | Ch 1,2 3,4

ScanN+2 <— | Ch 1,2 3,4

=

Store data

ScanN+3 <— | Cch1,2 3,4

v ScanN+4 <— | Ch 1,2 3,4
’ Write to Outputs ‘

Analog Module Updates
Even though the channel updates to the CPU are synchronous with the CPU scan, the
module asynchronously monitors the analog transmitter signal and converts the signal to
a 16-bit binary representation. This enables the module to continuously provide accurate
measurements without slowing down the discrete control logic in the RLL program.

The time required to sense the temperature and copy the value to V-memory is 1.4
seconds for a single board design module (5.4 seconds for a two board design module)
plus 1 scan time maximum.
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Writing the Control Program
Reading Values Pointer Method and Multiplexing

There are two methods of reading values:

e Pointer method
* Multiplexing

The multiplexing method must be used with a D2-230 CPU. The multiplexing method
must also be used with remote I/O modules (the pointer method will not work). Either
method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, but for ease of
programming it is highly recommended to use the pointer method.

Pointer Method for the D2-240, D2-250-1, D2-260 and D2-262 CPUs

The CPU has special V-memory locations (shown in tables on the following page) assigned
to each base slot that greatly simplifies the programming requirements. These V-memory
locations allow you to:

« Specify the data format
« Specify the number of channels to scan
« Specify the storage locations

The example program shows how to setup these locations. Place this rung anywhere in the
ladder program, or in the initial stage if stage programming instructions are used. This is all
that is required to read the data into V-memory locations. Once the data is in V-memory,
math instructions can be used on the data, compare the data against preset values, etc.
V2000 is used in the example, but any user V-memory location can be used. The module is
installed in slot 2 for the examples. Use the V-memory locations shown in the application.
The pointer method automatically converts values to BCD.

‘E NOTE: D2-240 CPUs with firmware release version 2.5 or later and D2-250 CPUs with firmware release version 1.06
or later support this method. Use the D2-230 multiplexing example if the firmware revision is earlier.

|
SPO

r————/1
4{ }77 LD -or- | LD ‘
K0400 L K8400_
Loads a constant that specifies the number of channels to scan and
the data format. The upper byte, most significant nibble (MSN)

selects the data format (0=BCD, 8=Binary), the LSN selects the
number of channels (1, 2, 3, or 4).

The binary format is used for displaying data on some operator
interfaces. The DL230/240 CPUs do not support binary math
functions, whereas the DL250 does.

Special V-memory location assigned to slot 2 that contains the
V7E;r62 number of channels to scan.

This loads an octal value for the first V-memory location that will be
LDA used to store the incoming data. For example, the 02000 entered
02000 here would designate the following addresses:

Ch1 - V2000, V2001, Ch 2 - V2002, V2003, Ch 3 - V2004, V2005,
Ch 4 - V2006, V2007.

T The octal address (02000) is stored here. V7672 is assigned to slot
V7672 2 and acts as a pointer, which means the CPU will use the octal
value in this location to determine exactly where to store the
incoming data.

o
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The following tables show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if the D2-230 (multiplexing) method is used, verify
that these addresses in the CPU are 0 (zero).

The Table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.

CPU Base: Analog Input Module Slot-Dependent V-memory
Locations

Slot 0 1 2 3 4 5 6 7

No. of
Channels V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667

Storage Pointer| V7670 | V7671 | V7672 | V7673 | V7674 | V7675 | V7676 | V7677

The Table below applies to the D2-250-1, D2-260 and D2-262 CPU base 1.
Expansion Base D2-CM #1: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 8 7

No. of
Channels V36000 | V36001 V36002 | V36003 | V36004 | V36005 | V36006 | V36007

Storage Pointer| V36010 | V36011 | V36012 | V36013 | V36014 | V36015 | V36016 | V36017

The Table below applies to the D2-250-1, D2-260 and D2-262 CPU base 2.
Expansion Base D2-CM #2: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
. V36100 | V36101 | V36102 | V36103 | V36104 | V36105 | V36106 | V36107
Storage Pointer| V36110 V36111 V36112 V36113 V36114 V36115 V36116 V36117

The Table below applies to the D2-260 and D2-262 CPU base 3.
Expansion Base D2-CM #3: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of
Channels V36200 | V36201 V36202 | V36203 | V36204 | V36205 | V36206 | V36207

Storage Pointer| V36210 | V36211 | V36212 | V36213 | V36214 | V36215 | V36216 | V36217

The Table below applies to the D2-260 and D2-262 CPU base 4.

Expansion Base D2-CM #4: Analog Input Module Slot-Dependent V-memory
Locations
3

Slot 0 1 2

No. of V36300 V36301 V36302 V36303 V36304 V36305 V36306 V36307
Channels

Storage Pointer| V36310 | V36311 | V36312 | V36313 | V36314 | V36315 | V36316 | V36317

4 5 6 7
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Negative Temperature Readings with Magnitude Plus Sign (Pointer
Method) for D2-240, D2-250-1, D2-260 and D2-262 CPUs

With bipolar ranges, some additional logic will be needed to determine whether the
value being returned represents a positive voltage or a negative voltage. For example, the
direction for a motor might need to be known. There is a solution for this:

« If bipolar ranges are used and a value greater than or equal to 8000hex is obtained, the
value is negative.

« If a value less than or equal to 7FFFhex is obtained, then the value is positive.

The sign bit is the most significant bit, which combines 8000hex to the data value. If the
value is greater than or equal to 8000hex, only the most significant bit and the active
channel bits need to be masked to determine the actual data value.

‘E NOTE: D2-240 CPUs with firmware release version 2.5 or later and D2-250 CPUs with firmware release version 1.06
or later support this method. Use the D2-230 multiplexing example if your firmware is an earlier version.

The following two programs on this page and the next page show how this can be
accomplished. The first example uses magnitude plus sign (binary) and the second example
uses magnitude plus sign (BCD). The examples only show two channels.

It is good to know when a value is negative, so these rungs should be placed before any
other operations that use the data, such as math instructions, scaling operations, etc. Also,
if stage programming instructions are being used, these rungs should be in a stage that is
always active.

‘E NOTE: This logic is only needed for each channel that is using bipolar input signals.

Magnitude Plus Sign (Binary)

Check Channel 1

Load channel 1 data from V-memory into the
accumulator. Contact SP1 is always on.

This instruction masks the sign bit of the binary data, if
it is set. Without this step, negative values will not be
correct so do not forget to include it.

Put the actual signal value in V2010. Now you can use
the data normally.

V2000 K8000 Cc1 . . .
ouT Channel 1 data is negative when C1 is on (a value of
> ( ) -1.0 reads as 8010, -2.0 is 8020, etc.).

Check Channel 2
SP1

sl

Load channel 2 from V-memory into the accumulator.
Contact SP1 is always on.

This instruction masks the sign bit of the binary data, if
itis set. Without this step, negative values will not be
correct so do not forget to include it.

Put the actual signal value in V2012. Now you can use
the data normally.

V2002  K8000 c2
! 4{ > }7@‘@ -1.0 reads as 8010, -2.0 is 8020, etc.).

Channel 2 data is negative when C2 is on (a value of
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Magnitude Plus Sign (BCD)

SP
H

Check Channel 1
1

LDD
V2000

ANDD
K7FFFFFFF

OUTD
V2010

V2001
|

K8000 C1

SP1

H

|
| =1

Check Channel 2

(ouD

LDD
V2002

ANDD
K7FFFFFFF

OuUTD
V2012

V2003  K8000

C2

D

Load channel 1 data from V-memory into the
accumulator. Remember, the data can be negative.
Contact SP1 is always on.

This instruction masks the sign bit of the BCD data, if it
is set. Without this step, negative values will not be
correct so do not forget to include it.

Put the actual signal value in V2010. Now you can use
the data normally.

Channel 1 data is negative when C1 is on (a value of
-1.0 reads as 8000 0010, -2.0 is 8000 0020, etc.).

Load channel 2 from V-memory into the accumulator.
Remember, the data can be negative. Contact SP1 is
always on.

This instruction masks the sign bit of the BCD data, if it
is set. Without this step, negative values will not be
correct so do not forget to include it.

Put the actual signal value in V2012. Now you can use
the data normally.

Channel 2 data is negative when C2 is on (a value of
-1.0 reads as 8000 0010, -2.0 is 8000 0020, etc.).
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Negative Temperatures 2's Complement (Binary/Pointer Method) for
D2-240, D2-250-1, D2-260 and D2-262 CPUs

The 2's complement mode is used for negative temperature display purposes, while at the
same time using the magnitude plus sign of the temperature in a control program. The
DirectSoft element Signed Decimal is used to display negative numbers in 2's complement
form. To find the absolute value of a negative number in 2's complement, invert the
number and add 1 as shown in the following example:

V2000  K8000 LD Load negative value into the accumulator so we
| - } V2000 can convert it to a positive value.
INV Invert the binary pattern in the accumulator.
| | ADDB Add 1.
K1
| ouT Save Channel 1 data at V2010.
V2010

| Repeat for other channels as required.

Understanding the Input Assignments (Multiplexing Ladder Only)
Remember that the F2-04THM module appears as a 32-point discrete input module to the
CPU. Use these points to obtain:
+ An indication of which channel is active
« The digital representation of the analog signal
+ Module diagnostic information

Since all input points are automatically mapped into V-memory, it is easy to determine the
location of the data word that will be assigned to the module.

)

[ilils]
oog
[ilils]
oog
oog
ooo
oog
oon
ooo
ooo

Slot 0 Slot 1 Slot 2 Slot 3 Slot 4

8pt 8pt 32pt 16pt 16pt
Input Input Input Input Output

e =

Bl | xo| x10| x20 | x60 | YO

X7 X17 | X57 X77 | Y17
| 1 M | | |

V40400 V40403

V40402 V40401
MSB LSB MSB LSB
LTIy OO T I TT]
Bit 151413121110 9 8 7 6 5 4 3 2 1 0  Bit 15141312110 9 8 7 6 5 4 3 2 1 0
X X X X X X X X
5 54 4 3 32 2
7 07 0 7 07 0
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When a D2-230 CPU is used, the input points must start on a V-memory boundary. To use
the V-memory references required for a D2-230 CPU, refer to the table below. The first
input address assigned to a module must be one of the X inputs shown. The table also
shows the V-memory addresses that correspond to these X inputs.

X X0 X20 X40 X60 X100 X120 X140 X160
v V40400 | V40401 | V40402 | V40403 | V40404 | V40405 | V40406 | V40407

Analog Data Bits

The first 16 bits represent the analog V40401

data in binary format. MSB LSB

Bit Value  Bit  Value HEEEEEEEENEEEEEN

0 1 8 256 ; :13;:11(1)9876543210
1 2 9 512

X X

2 4 10 1024 3 [] =data bits 2

3 8 11 2048 7 0

4 16 12 4096

5 32 13 8192

6 64 14 16384

7 128 15 32768

Active Channel Bits

The active channel bits represent the

multiplexed channel selections in binary V40402

format. MSB LSB
Bit1 Bit0 Channel CITTTTTITITITTITTITIT]
0 0 1 X ! ())(
0 1 2 5 ) 4
; 0 3 7 [] = active channel bits 0
1 1 4

Broken Transmitter Bits (Pointer and Multiplexing Ladder Methods)

The broken transmitter bits are on when

the corresponding RTD is open. V40402
. MSB LSB
Bit Channel

(T T T]
8 1 119876543210
9 2 X 10 xx X
10 3 5 54 4
11 4 7 07 0

[] = broken transmitter bits
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Reading Magnitude Plus Sign Values (Multiplexing)
The D2-230 CPU does not have the special V-memory locations that allows for automatic
management of the data transfer. Since all channels are multiplexed into a single data
word, the control program must be set up to determine which channel is being read. Since
the module appears as X input points to the CPU, it is very easy to use the active channel

status bits to determine which channel is being monitored.

NOTE: D2-230 CPUs with firmware release version 1.6 or later required for multiplexing ladder.

| sP1 LD Loads the complete data word into the
_+ | V40401 accumulator. The V-memory location depends on
[ the I/O configuration. See Appendix A for the
memory map.
ANDD This instruction masks the sign bit. Without this,
K7EFF thg valuesA used will not be correct so do not forget
Store Channel 1 to include it.
X40 X41 X50
_{/\ J/\ J/\ ouT When X40, X41, and X50 are off, channel 1 data is
[ ! @ V2000 stored in V2000. CO is reset to indicate that
co channel 1’s value is positive.
————sD

Store Channel 2

X37

Co
=

Store Channel 3

C1
—GsD
X37

A

If X37 is on, the data value represents a negative
temperature. CO is set to indicate that channel 1’s
value is negative.

X4? ?(41 7(5? ouT When X40 is on and X41 and X51 are off, channel
4{ I \/} \/[ V2001 2 data is stored in V2001. C1 is reset to indicate
that channel 2’s value is positive.

If X37 is on, the data value represents a negative
temperature. C1 is set to indicate that channel 2’s
value is negative.

X40 X41 X52 When X40 and X52 are off and X41 is on, channel
%/\ | | J/\ ouT 3 data is stored in V2002. C2 is reset to indicate
[ [ 28 V2002 that channel 3’s value is positive.
C2
———GsD
If X37 is on, then the data value represents a
X37 - ; g
St ch 14 C2 negative temperature. C2 is set to indicate that
ore anne —{ ‘iCSE-D channel 3’s value is negative.
X40 X41 X53
4{ | | }/\ ouT When both X40 and X41 are on and X53 is off,
[ [ ] V2003 channel 4 data is stored in V2003. C3 is reset to
c3 indicate that channel 4’s value is positive.
| L (RsT)
‘ X37 Cc3
If X37 is on, the data value represents a negative

e €25
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Reading 2's Compliment Values (Multiplexing)
The D2-230 CPU does not have the special V-memory locations that allows for automatic
management of the data transfer. Since all channels are multiplexed into a single data
word, the control program must be set up to determine which channel is being read. Since
the module appears as X input points to the CPU, it is very easy to use the active channel
status bits to determine which channel is being monitored. The 2's complement data
format may be required to correctly display bipolar data on some operator interfaces. This
data format could also be used to simplify averaging a bipolar signal. To view this data
format in DirectSOFT, select Signed Decimal.

| Load Data
| sP1 LD Loads the complete data word into the accumulator.
4{ | V40401 The V-memory location depends on the I/0
[ configuration.
ANDD This instruction masks the channel sign bit.
K7FFF
Store Channel 1
X40  X41  X50 ouT When X40, X41 and X50 are off, channel 1 data is
4{/} {/} {/} V2000 stored in V2000.
Store Channel 2
X40  X41  X51 ouT When X40 is on and X41 and X51 are off, channel 2
% } {/\[ {/} V2001 data is stored in V2001.
Store Channel 3
X40 X41 X52 ouT When X40 and X52 are off and X41 is on, channel 3
4{/} { } {/} V2002 data is stored in V2002.
Store Channel 4
X40 X41 X53 ouT When both X40 and X41 are on and X53 is off, channel
4{ } { } {A V2003 4 data is stored in V2003.

Scaling the Input Data

No scaling of the input temperature is required. The readings directly reflect the actual
temperatures. For example: a reading of 8482 is 848.2°C, a reading of 16386 is -0.2°C
(magnitude plus sign) and a reading of 32770 is -0.2°C (2's complement).
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Module Resolution 16-Bit (Unipolar Voltage Input)
Unipolar analog signals are converted into
65536 counts ranging from 0-65535 (216). V. 156mV
For example, with a 0-156mV signal range,
78mV would be 32767. A value of 65535
represents the upper limit of the range.

H or L = high or low limit of the range 25V 78 mV

Unipolar Resolution = H-L
65535

ov oV

0 32767 65535
Counts

Module Resolution 15-Bit Plus

Sign(Bipolar Voltage Input)
The module has 16-bit unipolar or 15-bit
+ sign bipolar resolution. Bipolar analog
signals are converted into 32768 counts
ranging from 0-32767 (215). For example,
with a -156mV-156mV signal range, 156mV
would be 32767. The bipolar ranges utilize
a sign bit to provide 16-bit resolution. A
value of 32767 can represent the upper
limit of either side of the range. Use the
sign bit to determine negative values.

156 mVvV 5V

oV ov

H or L = high or low limit of the range -156 mV -5V
32767 0 32767

32767 Counts

Bipolar Resolution = H-L
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Analog and Digital Value Conversions

Sometimes it is useful to be able to quickly convert between the signal levels and the
digital values. This is especially helpful during startup or troubleshooting. This module does
not operate like other versions of analog input modules. The bipolar ranges use 0-32767
for both positive and negative voltages. The sign bit allows this and it actually provides
better resolution than those modules that do not offer a sign bit. The following table
provides formulas to make this conversion easier.

If the digital value is If the analog signal level is

Range

known known.
0-5V A= b= B2
0-156.25 mV A= %D °* o% W
+5V A 2;% b= % ®
+156.25 mV A= %523? D= 52%32 W

For example, if the +5V range is used and the
signal is measured at 2.5V, use the following _
formula to determine the digital value that is D 655351 E)A)

stored in the V-memory location that contains
the data. D = 65535 (2.5V)
10

D = 6553.5 (2.5)

D = 16383.75
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Filtering Input Noise (D2-250-1, D2-260 and D2-262 CPUs Only)

Add the following logic to filter and smooth analog input noise in D2-250-1, D2-260 and
D2-262 CPUs. This is especially useful when using PID loops. Noise can be generated by the
field device and/or induced by field wiring.

In the following example, the analog value in BCD is first converted to a binary number.
Memory location V1400 is the designated workspace in this example. The MULR instruction
is the filter factor, which can be from 0.1-0.9. The example uses 0.2. Using a smaller filter
factor increases filtering. A higher precision value can be used, but it is not generally
needed. The filtered value is then converted back to binary and then to BCD. The filtered
value is stored in location V1402 for use in the application program or a PID loop.

NOTE: Please review intelligent instructions (IBox) in Chapter 5, which simplify this and other
functions. The IBox instructions are supported by the D2-250-1, D2-260 and D2-262.

NOTE: Be careful not to do a multiple number conversion on a value. For example, if the pointer
method is used to get the analog value, it is in BCD and must be converted to binary. However, if
the conventional method of reading analog is used and the first 15 bits are masked, the value is
already in binary and no conversion is needed. Also, if the conventional method is used, change
the LDD V2000 instruction to LD V2000.

Loads the analog signal, which is a BCD value
|| \L/g(I)DOO and has been loaded from V-memory location
[ V2000, into the accumulator. Contact SP1 is

always on.

Converts the BCD value in the accumulator to
[ BIN binary. Remember, this instruction is not
needed if the analog value is originally

brought in as a binary number.

Converts the binary value in the accumulator
BTOR to a real number.
Subtracts the real number stored in location
SUBR V1400 from the real number in the accumulator,
V1400 and stores the result in the accumulator. V1400

is the designated workspace in this example.

Multiplies the real number in the
— MULR accumulator by 0.2 (the filter factor),
- and stores the result in the
accumulator. This is the filtered value.

o
N

Adds the real number stored in
location V1400 to the real number
filtered value in the accumulator, and
stores the result in the accumulator.

ADDR
V1400

Copies the value in the accumulator to
OuUTD location V1400.
V1400

Converts the real number in the
RTOB accumulator to a binary value, and
stores the result in the accumulator.

Converts the binary value in the accumulator
BCD to a BCD number.

NOTE: The BCD instruction is not needed for

PID loop PV (loop PV is a binary number).

Loads the BCD number filtered value from
1 T% the accumulator into location V1402 to use in
V140 your application or PID loop.

i
[
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- Chapter 8: F2-02DA-1, F2-02DA-1L, 2-Channel Analog Current Output

Module Specifications

The F2-02DA-1 and F2-02DA-1L Analog Output modules
provide several hardware features: ANALOG

Analog outputs are optically isolated from the PLC logic.

The modules have a removable terminal block so the
module can be easily removed or changed without dis-
connecting the wiring. F2-02DA-1

« Both channels can be updated in one scan when a
D2-240, D2-250-1, D2-260 or D2-262 CPU is used in the
DL205 PLC.

» F2-02DA-1: Low-power CMOS design requires less than
60mA from an external 24VDC power supply.

» F2-02DA-1L: Low-power CMOS design requires less than
70mA from an external 12VDC power supply.

is very easy to mistake one moaule for the other. If the module being used
does notwork, check the terminal label to see ifitisa 12V (L) or a 24V model
and that it is being supplied with the proper input voltage. Feozon

. NOTE: The F2-02DA-1 and F2-02DA-1L modules look very similar and it

Analog Output Configuration Requirements
The F2-02DA-1(L) Analog output module requires 16 F2-02DA-1
discrete output points. The module can be installed in any
slot when using a D2-240 (firmware V1.5 or later), D2-250-1,
D2-260 or D2-262 CPUs. The available power budget and ANALOG
discrete I/O points are the limiting factors. Check the user
manual for the particular model of CPU and I/O base being
used for more information regarding power budget and

number of local, local expansion or remote 1/0 points. =

f“
CH+11—7V L .

CH(:1+ L @
CH2+ U

NC

- =

F2-02DA-1L

8_2 I DL205 Analog I/O Manual, 7th Edition, Rev. H


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 8: F2-02DA-1, F2-02DA-1L, 2-Channel Analog_; Current Output -

The following tables provide the specifications for the F2-02DA-1 and F2-02DA-1L Analog
Output Modules. Review these specifications to make sure the module meets your
application requirements.

Output Specifications

Number of Channels 2

Output Range 4-20 mA

Resolution 12 bit (1 in 4096)

Output Type Single ended, 1 common

Maximum Loop Supply 30vDC

Peak Output Voltage 40VDC (clamped by transient voltage suppressor)
Load Impedance 0Q minimum

Maximum Load / Power Supply 620Q) / 18V, 910Q / 24V, 1200Q / 30V
Linearity Error (end to end) +1 count (+0.025% of full scale) maximum
Conversion Settling Time 100ps maximum (full scale change)

Full-scale Calibration Error
(offset error included)

Offset Calibration Error +3 counts maximum, 4mA @ 25°C (77°F)
0.1% @ 25°C (77°F)
0.3% @ 0-60°C (32-140°F)

+50ppm /°C full scale calibration change;
(including maximum offset change of 2 counts)

45 counts maximum, 20mA @ 25°C (77°F)

Maximum Inaccuracy

Accuracy vs. Temperature

General Specifications

1 channel per scan maximum (D2-230 CPU)
PLC Update Rate 2 channels per scan maximum
(D2-240, D2-250-1, D2-260 and D2-262 CPUs)
Digital Outputs 12 binary data bits, 2 channel ID bits
Output Points Required 16 (Y) output points required
Power Budget Requirement 40mA @ 5VDC (supplied by the base)
F2-02DA-1: 12-30 VDC (+10%), 60mA
External Power Supply F2-02DA-1L: 12VDC (+10%), 70mA
(add 20mA for each current loop used)
Operating Temperature 0-60°C (32-140°F)
Storage Temperature -20°C to 70°C (-4°F to 158°F)
Relative Humidity 5-95% (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
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Special Placement Requirements (D2-230 and Remote I/O Bases)
It is important to examine the configuration if a D2-230 CPU is being used. As can be seen
in the section on Writing the Control Program in this chapter, V-memory locations are used
to hold the analog data that will be written to the output. If the module is placed in a slot
so that the output points do not start on a V-memory boundary, the program instructions
aren't able to access the data. This also applies when placing this module in a remote base
using a D2-RSSS in the CPU slot.

Correct! F2-02DA-1

Input Input Output Output Output

Y40

0 By
x
o
X
S
=<
o
=<
S

=

X17 | X27 | Y17 Y37 | Y47
e

V40500 V40502
Data is correctly entered, so output V40501
points start on a V-memory boundary MSB LSB
address from the table below. (ITTITTTITTIITITIIIT]
Y YY Y
3 32 2
7 07 0
Incorrect F2-02DA-1
~)
o 0 T I s o B

=1=} oo =1 oo oo oo
= oo =] oo oo =1=1
== oo == == ==

=] oo

[e] 0] Slot1 Slot 2 Slot 3 Slot 4
o

16pt 8pt 16pt 8pt 16pt
| Input I Output Output Output

a X0 | x20 \«)\ Y20 | Y30
x17| x27 | v17 Y47
M\L_‘

5 G S Y s 5 G IS G |

Data is split over three locations, so instructions cannot access data from a D2-230.

MSB V40502 LSB MSB V40501 LSB
(TITTTITT T T I I T I T]
Y Y'Y Y v Y'Y Y
5 54 4 3 32 2
7 07 0o 7 07 0

To use the V-memory references required for a D2-230 CPU, the first output address
assigned to the module must be one of the following Y locations. The table also shows the

V-memory addresses that correspond to these Y locations.
X Y0 Y20 Y40 Y60 Y100 Y120 Y140 Y160
4 V40500 | V40501 | V40502 | V40503 | V40504 | V40505 | V40506 | V40507
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Connecting and Disconnecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

* Use the shortest wiring route whenever possible.

* Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

« Route the wiring through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

User Power Supply Requirements
The F2-02DA-1 (L) module requires at least one field-side power supply. The same or
separate power sources can be used for the module supply and the current transmitter
supply. The F2-02DA-1 module requires 18-30 VDC, at 60mA and the F2-02DA-1L module
requires 12-15 VDC, at 70mA, from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the voltage and current
requirements, and the transmitter negative (-) side and the module power supply negative
(-) side are connected together.

' WARNING: If the internal 24VDC power budget is exceeded, it may cause unpredictable
° system operation that can lead to a risk of personal injury or equipment damage.
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Wiring Diagram

The F2-02DA-1(L) module has a removable connector which helps to simplify wiring. Just

squeeze the top and bottom retaining clips and gently pull the connector from the module.
Use the following diagram to connect field wiring to a F2-02DA-1. Wiring for a F2-02DA-1L
is similar except it uses a 12-15 VDC power source.

f Internal
% Module
See Wiring
NOTE 2
60mA + 20mA
for each loop
0VDC
Py oo +5V
N & 2o SO — sy
1 as
CHi- \é“fj g8 o
-15V
> NSOe'I?E 1 @ CHi+
] @5
Ch 1load ce- DtoA
250Q typical | é\\], Converter|
/(}\'2* chi
NG \:‘;}:/ Current sinking

N7
Ch 2 load
2500 typical |

+ -

18-30 VDC

DtoA
Converter|

Ch2
Current sinking

@ Transient protected

precision digital to analog
converter output circuits

ANALOG
pio]

F2-02DA-1

+24V f“
CH1— [f.‘\:

CHZ?H@ @
+@‘ @

s [ R
=

F2-02DA-1

NOTE 1: Shields should be connected to the OV terminal of the module or OV of the power supply.
NOTE 2: This is 70mA + 20mAonly for the F2-02DA-1L.

Load Range

The maximum load resistance depends on the particular loop power supply being used.

Loop Power Supply Voltage Acceptable Load Range

30vDC 0-1200 Q
24VDC 0-910Q
18VDC 0-620 O
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Module Operation

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes the analog signals.

Channel Scanning Sequence (Multiplexing) for a D2-230 CPU
The D2-230 can send one channel of data per CPU scan. The module refreshes two field
devices on each scan, but new data can only be obtained from the CPU at the rate of
one channel per scan. Since there are two channels, it can take two scans to update both
channels. However, if only one channel is being used, then that channel will be updated on
every scan. The multiplexing method can also be used for the D2-240, D2-250-1, D2-260
and D2-262 CPUs.

[

1 I

oAl olol o)
Scan / System With
/ 1 D2-230 CPU
Read inputs ( \‘
¢ scan >
Execute Application Program
Calculate the data Scan N+
%
Write data Scan N+3 ——>
i C D
v
Write to outputs J/

N
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Channel Scanning Sequence (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs

If either a D2-240, D2-250-1, D2-260 or D2-262 CPU is used, both channels can be updated
on every scan. This is because the all three CPUs support special V-memory locations that
are used to manage the data transfer. This is discussed in more detail in the next section in

this chapter on Writing the Control Program.

o

i

p GG,

|

Scan /

Read inputs

!

Execute Application Program
Calculate the data

R —
Write data
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Understanding the Output Assignments
Remember that the F2-02DA-1 (L) module appears to the CPU as a 16-point discrete
output module. These points provide the data value and an indication of which channel to
update. Note, if either a D2-240, D2-250-1, D2-260 or a D2-262 CPU is being used, these
bits may never have to be used, but it may be an aid to help understand the data format.

Since all output points are automatically mapped into V-memory, the location of the data
word that will be assigned to the module can be simply determined.

F2-02DA-1
[=1=] oo oo ==} oo oo
[=1=] == = = == =203 =]
=E= =1=] =1 =1=] =3l
0 o g == = e == =
[6) Slot 0 Slot 1 Slot 2 Slot 3 Slot 4
Q
O ] 16pt 8pt 16pt 16pt 8pt
[¢) Input Input Output Output Output

X0 | X20| YO | Y20 | Y40
- - - = -
X17 | X27 | Y17 | Y37 | Y47 D

i [l

V40500 | V40502
V40501
MSB LSB

HEEEEEEEEEEEEEEE
YY Y
2

0

The individual bits in this data word location, represents specific information about the
analog signal.

33
Not used 5 4 Data Bits

Channel Select Outputs

Two of the outputs select the active channel. Remember, the V-memory bits are mapped

directly to discrete outputs. Turning V40501

a bit OFF selects its channel. By MSB LSB

controlling these outputs, the (TTTITTTITITITITI I
Y

channel(s) to be updated can be YY
selected. 33 2
Y35 Y34 Channel 54 0
On Off 1 [] = channel select outputs

Off On 2

Off Off 1 & 2 (same data
to both channels)
On On None (both channels
hold current values)
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Analog Data Bits
The first twelve bits represent the analog
data in binary format. V40501

Bit  Val Bit  Val MSB LSB
" Volue B Volve (TTT T I T I T I1]

1 6 64

0 119876543210
1 2 7 128 10
2 4 8 256
3 8 9 512 _ f
= data bits
4 16 10 1024 D
5 32 1 2048

Module Resolution

Since the module has 12-bit resolution,
the analog signal is converted into 4096
counts ranging from 0-4095 (212). For
example, send a 0 to get a 4mA signal
and 4095 to get a 20mA signal. This is
equivalent to a binary value of 0000 0000
0000 to 1111 1111 1111, or 000 to FFF

hexadecimal. The diagram shows how this o _H-L

relates to the signal range. Each count can Resolution = 4095

also be expressed in terms of the signal

level by using the equation shown. H = high limit of the signal range

L = low limit of the signal range

16mA / 4095 = 3.907pA per count

8_1 0 I DL205 Analog I/O Manual, 7th Edition, Rev. H
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Writing the Control Program
Writing Values: Pointer Method and Multiplexing

There are two methods which can be used to write values from the CPU to the module:
* The pointer method
* Multiplexing
The multiplexing method must be used when using a D2-230 CPU. The multiplexing
method must also be used with remote I/O modules (the pointer method will not work).

Either method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, however,
the pointer method will simplify programming the PLC.

Pointer Method for the D2-240, D2-250-1, D2-260 and D2-262 CPUs
The D2-240, D2-250-1, D2-260 and D2-262 CPUs have special V-memory locations
assigned to each base slot that will greatly simplify the programming requirements. These
V-memory locations allow you to:
« Specify the data format
« Specify the number of channels to scan
- Specify the location of the data that will be written to the module

‘E NOTE: D2-240 CPUs with firmware release version 1.5 or later and. D2-250 CPUs with firmware release version 1.06
or later support this method.

The following example program shows how to setup these locations. Place this rung
anywhere in the ladder program, or in the initial stage if stage programming instructions
are being used. V2000 is used in the example but any user V-memory location can be
used. In this example the module is installed in slot 3. Be sure to use the V-memory
locations for the module placement. The pointer method automatically converts values to
RCD

| sPo S

| r A
— | LD -or- | LD |
K2 LKéz_ |

Loads a constant that specifies the number of channels to scan and
the data format. The lower byte, most significant nibble (MSN)
selects the data format (i.e. 0=BCD, 8=Binary), the LSN selects the
number of channels (1 or 2).

The binary format is used for displaying data on some operator
interfaces. The DL230/240 CPUs do not support binary math
functions, whereas the DL250 does.

Special V-memory location assigned to slot 3 that contains the

\C/)%JG-ESB number of channels to scan.
This loads an octal value for the first V-memory location that will be
LDA used to store the output data. For example, the 02000 entered here
— 02000 would designate the following addresses.
Ch1 - V2000, Ch2 - V2001
The octal address (02000) is stored here. V7703 is assigned to slot
ouT 3 and acts as a pointer, which means the CPU will use the octal
—— V7703 value in this location to determine exactly where to store the output
data.

DL205 Analog 1/0 Manual, 7th Edition, Rev. H I 8_11
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The following tables show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if the D2-230 (multiplexing) method is used, verify
that these addresses in the CPU are 0 (zero).

The table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.

CPU Base: Analog Input Module Slot-Dependent V-memory
Locations
2 3

No. of
Channels V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667

Storage Pointer| V7700 | V7701 | V7702 | V7703 | V7704 | V7705 | V7706 | V7707

The table below applies to the D2-250-1, D2-260 or D2-262 CPU base 1.
Expansion Base D2-CM #1: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
R V36000 V36001 V36002 V36003 V36004 V36005 V36006 V36007
Storage Pointer| V36020 V36021 V36022 V36023 V36024 V36025 V36026 V36027

The table below applies to the D2-250-1, D2-260 or D2-262 CPU base 2.

Expansion Base D2-CM #2: Analog Input Module Slot-Dependent V-memory
Locations
3

Slot 0 1 2 4 5 6 7
No. of
Channels V36100 | V36101 V36102 V36103 V36104 | V36105 V36106 V36107

Storage Pointer| V36120 | V36121 | V36122 | V36123 | V36124 | V36125 | V36126 | V36127

The table below applies to the D2-260 and D2-262 CPU base 3.

Expansion Base D2-CM #3: Analog Input Module Slot-Dependent V-memory
Locations
3

Slot 0 1 2 4 5 6 7
No. of
Channels V36200 | V36201 | V36202 | V36203 | V36204 | V36205 | V36206 | V36207

Storage Pointer| V36220 | V36221 | V36222 | V36223 | V36224 | V36225 | V36226 | V36227

The table below applies to the D2-260 and D2-262 CPU base 4.
Expansion Base D2-CM #4: Analog Input Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
i V36300 | V36301 | V36302 | V36303 | V36304 | V36305 | V36306 | V36307
Storage Pointer| V36320 | V36321 | V36322 | V36323 | V36324 | V36325 | V36326 | V36327
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Writing Data (Multiplexing)

The D2-230 CPU does not have the special V-memory locations that allows for automatic
management of data transfer. Since all channels are multiplexed into a single data word,
the control program must be written in such a way to determine which channel to write the
data to. Since the module appears as Y output points to the CPU, it is very easy to use the
channel selection outputs to determine which channel to update.

The following example is for a module installed as shown in the previous examples. The
addresses used would be different if the module were located in a different slot. These
rungs can be placed anywhere in the user program or, if using stage programming, placed
in an active stage. This example is a two-channel multiplexer that updates each channel on
alternate scans. Relay SP7 is a special relay that is on for one scan, then off for one scan.

Load data into the accumulator.

| sp7

H

LD
V2000

SP7

H

LD
V2001

SP1

H

BIN

ouT
V40501

SP7

Select the channel to update.

Y34

1

(oum)

Y35

(oum)

Loads the data for channel 1 into the accumulator.

Loads the data for channel 2 into the accumulator.

Send data to V-memory assigned to the module.

Convert the data to binary (omit this this step if
data is already in binary).
SP1 is always on.

The OUT instruction writes the data to the
module. Our example starts with V40501, but the
actual value depends on the location of the
module in your application.

Selects channel 1 for update when Y34 is OFF
(Y35-ON deselects channel 2). Note, Y34 and Y35
are used as in the previous examples. If the module
was installed in a different slot the addresses
would be different.

Selects channel 2 for update when Y35 is OFF
(Y34-ON deselects channel 1). Note, Y34 and Y35
are used as in the previous examples. If the module
was installed in a different slot the addresses

would be different.

‘E NOTE: Use binary data to write to the module outputs. Do not use a BIN instruction if the data is already in binary

format.

DL205 Analog 1/0 Manual, 7th Edition, Rev. H I 8'1 3
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Write Data to One Channel

The following example can be used if only one channel is to be written to, or if the outputs
are to be controlled individually. In this example data is written to output channel 1.

The LD instruction loads the data into the
LD accumulator. Since SP1 is used, this rung
4{ } V2000 automatically executes on every scan.
Permissive contacts X, C, etc. could also be used.

BIN The BIN instruction converts the accumulator data
— to binary (omit this step a if is already in binary format).

ANDD This AND Double instruction logically ANDs the
— KOFFF accumulator with the constant FFF. It keeps the
data from affecting channel select bits.

ouT The OUT instruction writes the data to the module output.
— V40501 This example starts with V40501, but the actual value
depends on the location of the module in your application.
Y34
4<RST> Y34-OFF selects channel 1 for updating.
Y35

| HOU'D Y35-ON deselects channel 2 (do not update).

Write Data to Both Channels

In the example below, if both selected channels are off, they will be updated with the same
data.

The LD instruction loads the data into the
LD accumulator. Since SP1 is used, this rung
—{ | V2000 automatically executes on every scan.
Permissive contacts X, C, etc. could also be used.

BIN The BIN instruction converts the accumulator data
— to binary (omit this step a if is already in binary format).

ANDD This AND Double instruction logically ANDs the
— KOFEF accumulator with the constant FFF. It keeps the
data from affecting channel select bits.

ouT The OUT instruction writes the data to the module output.
—1 V40501 This example starts with V40501, but the actual value
depends on the location of the module in your application.

Y34

4<RS'D Y34-OFF selects channel 1 for updating.

Y35

| 4<RS'D Y35-OFF selects channel 2 for updating.
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Calculating the Digital Value
The control program must calculate the digital value
that is sent to the analog output. Several methods can A=U4095
be used to do this, but the best method is to convert H
the values to engineering units. This is accomplished by
using the formula shown.

Adjustments may have to be made to the formula
depending on the scale of the engineering units.

A = Analog Value (0 - 4095)
U = Engineering Units

Consider the following example which controls pressure H = High limit of the engineering

from 0.0 — 99.9 PSI. To calculate the digital value, use the unit range
formula. The result will be sent to the analog output. The L= Low limit of the engineering
example shows the conversion required to yield 49.4 PSI. unit range
The multiplier of 10 is used because the decimal portion
of 49.4 cannot be loaded in the program, so it is shifted 4095
right one decimal place to make a usable value of 494. A= 10%@
Analog and Digital Value Conversions A= 494 4095
1000-0
A=2023

It is sometimes useful to do quick conversions between the signal levels and the digital
values. This can be helpful during startup or troubleshooting. The following table shows
some formulas to help with the conversions.

If the analog signal level is

Range If the digital value is known e
A=16D 14 D= 4095 A 4
4-20 mA 4095 " (A4
For example, to convert a 10mA signal level to a digital D =4095(a_4)
value, in the above equation substitute 10 for A and 16

complete the math as shown in the example to the right. D-‘:%% (10mA-4)

D =(255.93) (6)

D=1536

DL205 Analog I/O Manual, 7th Edition, Rev. H I 8_1 5
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The Conversion Program
The example program shows how to write the program to perform the engineering unit
conversion. This example assumes that a BCD value has been stored in V2300 and V2301
for channels 1 and 2 respectively.

‘E NOTE: The DL205 has many instructions available so that math operations can be performed simply
using BCD format. Do the math in BCD, then convert to binary before writing to the module output.

SP1 The LD instruction loads the engineering units used for channel 1 to
4{ | I\-/E2)300 the accumulator. This example assumes the numbers are BCD. Since
SP1 is used, this rung automatically executes on every scan. A permissive
contact, such as, an X, C, etc. can also be used.

MUL Multiply the accumulator by 4095 (to start the conversion).
| K4095

DIV Divide the accumulator by 1000 (because a multiplier of 10 was used,
| K1000 1000 is used instead of 100).

Store the BCD result in V2000 (the actual steps to write the data

OuT were shown earlier).

—1 V2000

| LD The LD instruction loads the engineering units used for channel 2 to
—{ [ V2301 the accumulator. This example assumes the numbers are BCD. Since

SP1 is used, this rung automatically executes on every scan. A permissive
contact, such as, an X, C, etc. can also be used.

MUL Multiply the accumulator by 4095 (to start the conversion).
| K4095

DIV Divide the accumulator by 1000 (because a multiplier of 10 was used,
—— K1000 1000 is used instead of 100).

Store the BCD result in V2001 (the actual steps to write the data
\92UO-IE) 1 were shown earlier).
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Module Specifications

The F2-02DA-2 and *F2-02DA-2L Analog Output modules
provide several hardware features:

'ANALOG
2CH

« Analog outputs are optically isolated from the PLC logjic.

+ The modules have a removable terminal block so the
module can be easily removed or changed without dis-
connecting the wiring.

« Both channels can be updated in one scan if either a
D2-hZ40, %D2-250-1, a D2-260 or a D2-262 CPU is used
in the PLC.

» F2-02DA-2: Low-power CMOS design requires less than
60mA from an external 24VDC power supply.

« *F2-02DA-2L: Low-power CMOS design requires less
than 70mA from an external 12VDC power supply.

« Outputs can be independently configured for any of the
following ranges:

1 0-5 VDC
2. 0-10VDC
3. x5VDC

4. £10VDC

F2-02DA-2

NOTE: The F2-02DA-2 and F2-02DA-2L modules look very
similar and it is very easy to mistake one module for the other.
If the module being used does not work, check the terminal AALOIS
label to see if it is a 12V (L) or a 24V model and that it is being
supplied with the proper input voltage.

Analog Output Configuration Requirements F2-02DA2L
The F2-02DA-2(L) analog output module requires 16 discrete :
output points. The module can be installed in any slot of a
DL205 PLC, but the available power budget and discrete 1/0
points are the limiting factors. Check the DL205 PLC User
Manual for the particular model of CPU and 1/O base being
used for information regarding power budget and number
of local, local expansion or remote I/O points.

*NOTE: The F2-02DA-2L module has been discontinued.
Please consider F2-02DA-2 as a replacement.

F2-02DA-2L

*F2-02DA-2L
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The following tables provide the specifications for the F2-02DA -2 and *F2-02DA-2L

Analog Output Modules.

Output Specifications

Number of Channels

2

Output Range 0-5V, 0-10V, £5V, £10V
Resolution 12 bit (1 in 4096)
Output Type Single ended, 1 common
Peak Output Voltage 15VDC (clamped by transient voltage suppressor)

Load Impedance

2000Q minimum

Load Capacitance

0.01 pF maximum

Linearity Error (end to end)

+1 count (£0.025% of full scale) maximum

Conversion Settling Time

5us maximum (full scale change)

Full-scale Calibration Error
(offset error included)

+12 counts maximum, @ 25°C (77°F) unipolar
+16 counts maximum, @ 25°C (77°F) bipolar

Offset Calibration Error

+3 counts maximum, @ 25°C (77°F) unipolar
48 counts maximum, @ 25°C (77°F) bipolar

Maximum Inaccuracy

Unipolar ranges  + 0.3% @ 25°C (77°F)
+0.45% 0-60°C (32-140°F)
Bipolar ranges  +0.4% @ 25°C (77°F)
+ 0.55% 0-60°C (32-140°F)

Accuracy vs. Temperature

+50ppm/°C full scale calibration change;
(including maximum offset change of 2 counts)

General Specifications

1 channel per scan maximum (D2-230 CPU)

PLC Update Rate 2 channels per scan maximum
(D2-240, D2-250-1, D2-260 and D2-262 CPUs)
Digital Outputs 12 binary data bits, 2 channel ID bits, 1 sign bit
Output Points Required 16 point (Y) output module

Power Budget Requirement

40mA @ 5VDC (supplied by the base)

External Power Supply

F2-02DA-2: 24-30 VDC (£10%), 60mA (outputs fully loaded)
F2-02DA-2L: 12VDC (+10%), 70mA (outputs fully loaded)

Operating Temperature

0-60°C (32-140°F)

Storage Temperature

—20°C to 70°C (-4°F to 158°F)

Relative Humidity 5-95% (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

*NOTE: The F2-02DA-2L module has been discontinued. Please consider F2-02DA-2 as a replacement.
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Special Placement Requirements (D2-230 and Remote 1/O Bases)
It is important to examine the configuration if a D2-230 CPU is being used. As can be seen
in the section on Writing the Control Program, V-memory locations are used to hold the
analog data that will be written to the output. If the module is placed in a slot such that the
output points do not start on a V-memory boundary, the program instructions aren’t able
to access the data. This also applies when placing this module in a remote base using a

D2-RSSS in the CPU slot.

Correct! F2-02DA-2 —
s s s | s | 5 |
— | Slot0 | Slot1 Slot 2 Slot 3 Slot 4
— 16pt 8pt 16pt 16pt 8pt
: Input Input Output Output Output
X0 | X20 | YO | Y20 | Y40
! - - - R
X17 | X27 | Y17 | Y37 | Y47
i Y 1 O e Y
V40500 V40502
) ) V40501
Data is correctly entered, so output points MSB LSB
start on a V-memory boundary. CTTTIITIITITIITIITIIT]
Y YY Y
3 32 2
7 07 0
Incorrect F2-02DA-2
)

=1 oo oo oo
o I=3=] oo I=3=]
== I=3=] == I=3=]
oo oo

)
oo
|
ooon
oon
o
1}
1}

o4 0| Slot1 Slot2 | Slot3 | Slot4
Soum 16pt 8pt 16pt 8pt 16pt
< Input | Output Output Output

| X0 | x20 \m\ v20 | Y30
x17| x27 | v17 Y47
Wzv\\l\_‘

I G S Y s 5 G S G |

Data is split over three locations, so instructions cannot access data from a D2-230.

MSB V40502 LSB MSB V40501 LSB
[(LITTTTT T T TTT I T ITTT]
Y Y'Y Y Y Y'Y Y
5 54 4 3 32 2
7 07 0o 7 07 0

To use the V-memory references required for a D2-230 CPU, the first output address
assigned to the module must be one of the following Y locations. The table also shows the

V-memory addresses corresponding to these Y locations.

X Y0 Y20 Y40 Y60 Y100 Y120 Y140 Y160
14 V40500 | V40501 | V40502 | V40503 | V40504 | V40505 | V40506 | V40507
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Setting the Module Jumpers

The F2-02DA-2 (L) Analog Output module uses jumpers for selecting the voltage ranges
for each channel. The range of each channel can be independently set. Available operating
ranges are 0-5V, 0-10 V, £5V, and £10V.

There are three jumpers for each channel. Two sets are on the top board, and the third set
is along the edge of the bottom board with the black D-shell backplane connector. Install

or remove these jumpers to select the desired range. Unused jumpers can be stored on a

single pin so they do not get lost.

» Two of the top board jumpers are labeled “UNI / +5” and there is one for each channel.

 The two bottom board jumpers are labeled "UNI” and there is one for each channel.
These jumpers determine the format of the channel output data, and the effect of their
settings is independent from that of the other jumpers on the module. With a UNI
jumper removed, the corresponding channel requires data values in the range of +2047.
ith a UNI jumper installed, the channel requires data values in the range of 0-4095.

 The other two top board jumpers are labeled “BI-PO-5" and there is one for each chan-
nel. These jumpers each have three possible settings (including jumper removed) since
there are three pins.

NOTE: |tis important to set the module jumpers correctly. The module will not operate correctly if the jumpers are not
properly set for the desired voltage range.

This figure shows the jumper locations. See the table on the following page to determine
the proper settings for your application.

Jumper locations have moved.

0ld Double PCB Design and Jumper Locations o New Single PCB Design and Jumper Locations
Date Code Affected: mmyyE3 and earlier Date Code Affected: mmyyF and later

_CH2_UNI ——
— cH-u|e 9 —
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Voltage Range and Output Combinations

The table lists the eight possible combinations of voltage ranges and data formats,

along with the corresponding jumper settings. For most applications, use one of the four
standard selections (indicated by an asterisk) in the table below. Standard unipolar voltage
ranges accept a data format of 0-4095. Standard bipolar ranges accept a data format of

-2047 to +2047.

Voltage Range and Output Combinations
UNI Output BI-P 0-5V Jumper
UNI /| = 5V Format Settings (top board)
Voltage Output Data Jumper Jumper
Range Format Settings Settings _B"P 0-5V
(top board) |  (bottom (Bipolar) Position
board) Position
0-5V* 0-4095 * Install Install Install here
0-10V* 0-4095 * Install Install Completely remove
0-5V +2047 Install Remove Install here
0-10V +2047 Install Remove Completely remove
+5V* + 2047 * Install Remove Install here
+10V* + 2047 * Remove Remove Install here
+5V 0-4095 Install Install Install here
+ 10V 0-4095 Remove Install Install here

Standard selections are shown with an *.

For example, to select settings of "+5V" voltage range with a “+2047" output data format

for channel 1, refer to the table above and the figure on the previous page and arrange the
jumpers as follows:

« Install the “CH1 UNI / £5V" jumper.
+ Remove the "CH1-UNI" jumper. Store the jumper so it does not get lost by placing it on

one pin.

« Install the "CH1" "BI-PO-5" jumper in the BI-P (bipolar) position on the left pin and cen-

ter pin.

The non-standard selections in the table provide the opposite data format for both
unipolar and bipolar voltage ranges. If you are using unipolar output (0-5V or 0-10 V) on
one channel and bipolar output (£5V, £10V) on the other channel, then one of the outputs
will use a non-standard data format.
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The following graphs show the voltage range to output data format relationship for each of

the eight selections.

Unipolar Ranges

oV - 10V
v
\
\
(5V)— — |
|
ov |
-2047 0 +2047
+10V +5V +10V
+ov[ V[ T +ov[
\ \ \
\ \ \
ov ‘ ov | ov |
\ \ | \ \
-10v | vl | ] aovkl ]
-2047 0 +2047 -2047 0  +2047 0 (+2047) +4095 0 (+2047) +4095
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Connecting and Disconnecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

.

Use the shortest wiring route whenever possible.

Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

Route the wirin% through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

User Power Supply Requirements
The F2-02DA-2 (L) module requires at least one field-side power supply. The same or
separate power sources can be used for the module supply and the voltage transmitter
supply. The F2-02DA-2 module requires 18-30 VDC, at 60mA and the *F2-02DA-2L module
requires 10-15 VDC, at 70mA, from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the voltage and current
requirements, and the transmitter negative (-) side and the module supply negative (-) side
are connected together..

WARNING: If the internal 24VDC base power is used, be sure to calculate the power budget.
& Exceeding the power budget can cause unpredictable system operation that can lead to a
risk of personal injury or equipment damage.

‘E *NOTE: The F2-02DA-2L module has been discontinued. Please consider F2-02DA-2 as a replacement.
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Wiring Diagram
The F2-02DA-2(L) module has a removable connector which helps to simplify wiring. Just
squeeze the top and bottom retaining clips and gently pull the connector from the module.
Use the following diagram to connect the field wiring.

See

NOTE2Z &~~~ —m——— — — —— — — — —
M Internal
24VDC | Module
Wiring
+ -
Typical User Wiring ovec +5V
© g3 -
QO +4we 25 +15V
See 60mA /%\ &3 ov F2-02DA-2
> NOTE1 k"{- A% = _15v
RS ( & Ch1
minimum /“\\1} Voltage sink/source
F\Q' A%
DtoA ¢
Ch 2 load \é\‘]j CH2+ Converter [:
2K ohms f’\ -
minimum NC E\\f‘/ Ch2 I
Voltage sink/source
NC
DtoA ¢
NC @ Converter
@ G
@ Transient protected precision \
digital to analog converter I
output circuits
I
\
\

NOTE 2: The F2-02DA-2L module must use a 12VDC, at 70mA, external power supply.

. NOTE 1: Shields should be connected to the OV terminal of the module or OV of the power supply.
NOTE 3: Unused voltage outputs should remain open (no connections) for minimum power consumption.
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Module Operation

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes the analog signals.

Channel Scanning Sequence (Multiplexing) for a D2-230 CPU
The D2-230 can send one channel of data per CPU scan. The module refreshes two field
devices on each scan, but new data can only be obtained from the CPU at the rate of
one channel per scan. Since there are two channels, it can take two scans to update both
channels. However, if only one channel is being used, then that channel will be updated on
every scan. The multiplexing method can also be used for the D2-240, D2-250-1, D2-260
and D2-262 CPUs.

L

!

| | M | |
Scan / System With
/ Q D2-230 CPU
Read inputs ( \‘
¢ Scann
Execute Application Program
Calculate the data Scan N+1
_{
Write data Scan N+3 ——>
o D)
v
Write to outputs J

N
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Channel Scanning Sequence (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs

If either a D2-240, D2-250-1, D2-260 or D2-262 CPU is used, both channels can be updated
on every scan. These CPUs support special V-memory locations that are used to manage
the data transfer. This is discussed in more detail in the section Writing the Control
Program later in this chapter.

o | B ERjER B R

E E Lol olololo
/ System With
D2-240, D2-250-1,
Scan \ D2-260 or D2-262
/—\' CPU

Read inputs

¢ Scan N —> Channel 1, 2

Execute Application Program

Calculate the data

Scan N+1 ——> Channel 1, 2
H
Scan N+2 ——>» Channel 1, 2
Write data Scan N+3 —>» Channel 1, 2
mil D)
Scan N+4 —>] Channel 1, 2
v
Write to outputs J/

N
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Understanding the Output Assignments
Remember that the F2-02DA-2 (L) module appears to the CPU as a 16-point discrete
output module. These points provide the data value and an indication of which channel to
update. Note, if either a D2-240, DL250-1, D2-260 or D2-262 CPU is being used, these bits
may never have to be used, but it may be an aid to help understand the data format.

Since all output points are automatically mapped into V-memory, the location of the data
word that will be assigned to the module can be simply determined.

F2-02DA-2

oon
[ilili]

oo

Slot 0 Slot 1 Slot 2 Slot 3 Slot 4

16pt 8pt 16pt 16pt 8pt
Input Input Output Output Output

YO Y20 | Y40

- - - - b
X17 | X27 | Y17 Y37 | Y47 )
S D G A S i S G Y S B

b N %3#

V40500 V40502
V40501
IIIIIIIIIIIIIIIII
Y|YY
3133 ) 2
7 5 4 Data Bits 0
Not Used

The individual bits in this data word location, represents specific information about the
analog signal.

Channel Select Outputs V40501
Two of the outputs select the active LSB
channel. Remember, the V-memory [ | | [T TTTTTTITITT11 | ]
bits are mapped directly to discrete
outputs. Turning a bit OFF selects
its channel. By controlling these
outputs, the channel(s) to be
updated can be selected.

Y35 Y34 Channel

On Off 1
Off On 2
Off Off 1 & 2 (same data
to both channels)
On On None (both channels
hold current values)

0w <
Aow<
oN <L

[] =channel select outputs
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Analog Data Bits

The first twelve bits represent the analog V40501
data in binary format. MSB LSB
Bit Value  Bit  Value LTI TITTTTTITITTITTT]
0 1 6 64 1(1)9876543210
1 2 7 128
2 4 8 256 [] = data bits
3 8 9 512
4 16 10 1024
5 32 11 2048
Signal Sign Output V40501
The last output can be used to select the MSB LSB

signal sign (+ or -) for bipolar ranges. By HEEEEEEEEEEREEN
controlling this output, positive and
negative data values can be easily
selected.

l
Y
2
0

N w <

Programming examples in the next [ ] = signal sign output

section, Writing the Control Program, will

show how to make sign selection part of

the program.

. V40501

Bipolar Output Data MSB LSB
If an output channel is configured for an [TITTO [ IITIIITIT]
output format of 0-2047, the maximum
valid value for the lower 12 bits is 2047. ?I (1) 9876543210
This means that bit 11 (bit position 12) )
must always be 0 (zero). [ ] = data bits

Bit 11 must be 0 for output
format 2047.

WARNING: If the data value exceeds 2047, bit 11 becomes a “1”, and the other eleven
bits start over at “00000000000". At this point the module’s channel output voltage also
goes back to the bottom of its range and begins to increase again. The RLL program will
& be expecting a maximum output, but it will be minimum instead. This can have serious
consequences in some applications, and may result in personal injury or damage to
equipment. Therefore, in standard bipolar ranges (or whenever the output format is +2047 in
general), be sure that the RLL program does not create numbers with absolute values greater
than 2047.
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Module Resolution
Since the module has 12-bit resolution, the analog signal is converted into 4096 counts
ranging from 0-4095 (212). For example, with a 0-10 V range, send a 0 to get a 0V signal,
and send 4095 to get a 10V signal. This is equivalent to a binary value of 0000 0000 0000 to
1111 1111 1111, or 000 to FFF hexadecimal.

Each count can also be expressed in terms of the signal level by using the following
equation.

Resolution = H-L
4095

H = High limit of the signal range
L = Low limit of the signal range

Voltage Range Signal Span Divide By Small:lﬁghéltput
0-5V 5V 4095 1.22mV
0-10V 10V 4095 244 mV

+ 5V 10V 4095 244 mV

+ 10V 20V 4095 488 mV

The following table shows the smallest change in signal level due to a digital value change
of 1 LSB count.
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Writing the Control Program
Calculating the Digital Value

The control program must calculate the digital

value that is sent to the analog output. Several A=U-4095 for0-4095 output format
methods can be used to do this, but the best H-L

method is to convert the values to engineering A=U-2047 for0-2047 output format
units. This is accomplished by using the formula H-L

shown.

Adjustments may have to be made to the formula

. . . - A= Analog Value (0- 4095
depending on the scale of the engineering units. g Value )

U = Engineering Units
H = High limit of the engineering
unitrange

L = Low limit of the engineering
unitrange

Consider the following example which controls

pressure from 0.0-99.9 psi. Using the formula will calculate the digital value to be sent

to the analog output. The example shows the conversion required to yield 49.4 psi. The
multiplier of 10 is because the decimal portion of 49.4 cannot be loaded in the program, so
it is shifted right one decimal place to make a usable value of 494.

Refer to the example on the next page to write the conversion program.

A=10U 4095 A =494 4095 A =2023
10 MH-L 1000 - 0)
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The Conversion Program

This example program shows how to write the program to perform the engineering unit
conversion to output data formats 0-4095. This example assumes that a BCD value has
been stored in V2300 and V2301 for channels 1 and 2 respectively.

‘E NOTE: The DL205 has many instructions available so that math operations can simply be performed using BCD
format. Do the math in BCD, then convert to binary before writing to the module output.

DIV
| K1000

ouT
— | V2000

: LD
— | V2301

MUL
| K4095

DIV
| K1000

ouT
— 1 V2001

The LD instruction loads the engineering units used with channel 1 into
the accumulator. This example assumes the numbers are BCD. Since
SP1 is used, this rung automatically executes on every scan. You could
also use an X, C, etc. permissive contact.

Multiply the accumulator by 4095 (to start the conversion).

Divide the accumulator by 1000 (because we used a multiplier of 10,
we have to use 1000 instead of 100).

Store the BCD result in V2000 (the actual steps required to send the
data are shown later).

The LD instruction loads the engineering units used with channel 2 into
the accumulator. This example assumes the numbers are BCD. Since
SP1 is used, this rung automatically executes on every scan. You could
also use an X, C, etc. permissive contact.

Multiply the accumulator by 4095 (to start the conversion).

Divide the accumulator by 1000 (because we used a multiplier of 10,
we have to use 1000 instead of 100).

Store the BCD result in V2001 (the actual steps required to send the
data are shown later).

9_1 6 I DL205 Analog I/O Manual, 7th Edition, Rev. H


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 9: F2-02DA-2, F2-02DA-2L, 2-Channel Analog Voltag_je Output -

Negative Values with Bipolar Range

If the bipolar ranges (£5V, £10V) are used or an output data format of £2047, the data
value needs to be specified whether it is positive or negative. There are two ways to show
that the value is negative:

« Turn on the sign output (Y37 in the examples, D2-230 only).

» Embed the sign output in the data value (required for the D2-240, D2-250-1, D2-260
and D2-262 using the pointer method, an optional method for the D2-230).

To embed the sign output in the data values, OR 8000 to the value. This has the same effect
as turning on Y37. Remember, the V-memory location is mapped directly to the outputs.

If bipolar ranges are used, logic needs to be added to indicate either positive or negative
values. The logic would be similar for both values, but some type of permissive contact
needs to be used to select the appropriate section of logic. Following is an example

that re-scales a variable from a 0-1000 range to a 0-2047 range. It includes a step that
combines 8000 with the value to make it negative.

NOTE: Do not exceed a value of 2047 for £2047 output formats.

Channel 1
X0 The LD instruction loads the engineering units used with Channel 1 into
4{ \L/BBOO the accumulator. This example assumes the numbers are BCD. Since
X0 is used, this rung only executes when X0 is on (X1 would be the
input that would indicate a negative value should be used).
MUL Multiply the accumulator by 2047 (to start the conversion).
K2047
DIV Divide the accumulator by 1000 (because we used a multiplier of 10,
K1000 we have to use 1000 instead of 100).
X0 X1 This ORD instruction imbeds the sign output in the data value when
— H %?0%0 X0 and X1 are on. It combines the BCD value (8000) with the

accumulator value to make it negative. Omit this rung if you choose
to control the sign bit of the module (Y37) directly.

X0 Store the result in V2000. This is the digital value, in BCD form, that
4{ \95](;%0 should be sent to the module (the actual steps required to send the
data are shown later).

Channel 2

X0 The LD instruction loads the engineering units used with Channel 2
_{ \L/8301 into the accumulator. This example assumes the numbers are BCD.
Since X0 is used, this rung only executes when X0 is on (X2 would be
the input that would indicate a negative value should be used).

|}\</|2U0|:‘7 Multiply the accumulator by 2047 (to start the conversion).
DIV Divide the accumulator by 1000 (because we used a multiplier of 10,
K1000 we have to use 1000 instead of 100).
X0 X2 ORD This ORD instruction imbeds the sign output in the data value when
_{ H F K8000 X0 and X1 are on. It combines the BCD value (8000) with the
accumulator value to make it negative. Omit this rung if you choose
to control the sign bit of the module (Y37) directly.
X0 Store the result in V2001. This is the digital value, in BCD form, that
/_{ \0/50161 should be sent to the module (the actual steps required to send the
data are shown later).
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Writing Values: Pointer Method and Multiplexing
There are two methods which can be used to write values from the CPU to the module:
* The pointer method
* Multiplexing
The multiplexing method must be used when using a D2-230 CPU. The multiplexing
method must also be used with remote I/O modules (the pointer method will not work).

Either method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, however,
the pointer method will simplify programming the PLC.

Writing Values (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs
The D2-240, D2-250-1, D2-260 and D2-262 CPUs have special V-memory locations
assigned to each base slot that will greatly simplify the programming requirements.

These V-memory locations allow you to:
« Specify the data format
« Specify the number of channels to scan
« Specify the location of the data that will be written to the module

‘E NOTE: D2-240 CPUs with firmware release version 1.5 or later and. D2-250-1 CPUs with firmware release version 1.06
or later support this method.

The following example program shows how to setup these locations. Place this rung
anywhere in the ladder program, or in the initial stage if stage programming instructions
are being used. V2000 is used in the example but any user V-memory location can be used.
In this example the module is installed in slot 3. Be sure to use the V-memory locations for
the module placement. The pointer method automatically converts values to BCD.

I spo

| r— Bl
— | LD -or- |LD |
K2 LK82_

Loads a constant that specifies the number of channels to scan and
the data format. The lower byte, most significant nibble (MSN)
selects the data format (i.e. 0=BCD, 8=Binary), the LSN selects the
number of channels (1 or 2).

The binary format is used for displaying data on some operator
interfaces. The D2-230 and D2-240 CPUs do not support binary math
functions, whereas the D2-250-1, D2-260, and D2-252 do.

Special V-memory location assigned to slot 3 that contains the

\9?6-[6-33 number of channels to scan.
This loads an octal value for the first V-memory location that will be
LDA used to store the output data. For example, the 02000 entered here
— 02000 would designate the following addresses.

Ch1 -Vv2000, Ch2 - V2001

The octal address (02000) is stored here. V7703 is assigned to slot
ouT 3 and acts as a pointer, which means the CPU will use the octal
—— V7703 value in this location to determine exactly where to store the output
data.
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The following tables show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if the D2-230 (multiplexing) method is used, verify
that these addresses in the CPU are 0 (zero).

The table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.

CPU Base: Analog Output Module Slot-Dependent V-memory
Locations
2 3

Slot 0 1 4 5 6 7

No. of
Channels V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667

Storage Pointer| V7700 | V7701 | V7702 | V7703 | V7704 | V7705 | V7706 | V7707

The table below applies to the D2-250-1, D2-260 and D2-262 CPU base 1.

Expansion Base D2-CM #1: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of
Channels V36000 | V36001 V36002 | V36003 | V36004 | V36005 | V36006 | V36007

Storage Pointer| V36020 | V36021 | V36022 | V36023 | V36024 | V36025 | V36026 | V36027

The table below applies to the D2-250-1, D2-260 and D2-262 CPU base 2.

Expansion Base D2-CM #2: Analog Output Module Slot-Dependent V-memory
Locations
3

Slot 0 1 2

No. of V36100 V36101 V36102 V36103 V36104 V36105 V36106 V36107
Channels

Storage Pointer| V36120 | V36121 | V36122 | V36123 | V36124 | V36125 | V36126 | V36127

4 5 6 7

The table below applies to the D2-260 and D2-262 CPU base 3.

Expansion Base D2-CM #3: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of
Channels V36200 | V36201 | V36202 | V36203 | V36204 | V36205 | V36206 | V36207

Storage Pointer| V36220 | V36221 | V36222 | V36223 | V36224 | V36225 | V36226 | V36227

The table below applies to the D2-260 and D2-262 CPU base 4.

Expansion Base D2-CM #4: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of V36300 V36301 V36302 V36303 V36304 V36305 V36306 V36307
Channels
Storage Pointer| V36320 | V36321 | V36322 | V36323 | V36324 | V36325 | V36326 | V36327
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Writing Data (Multiplexing)

The D2-230 CPU does not have the special V-memory locations that allows for automatic
management of data transfer. Since all channels are multiplexed into a single data word,
the control program must be written in such a way to determine which channel to write the
data to. Since the module appears as Y output points to the CPU, it is very easy to use the
channel selection outputs to determine which channel to update.

The following example is for a module installed as shown in previous examples. The
addresses used would be different if the module were located in a different slot. These
rungs can be placed anywhere in the user program or, if using stage programming, placed
in an active stage.

This example is a two-channel multiplexer that updates each channel on alternate scans.
Relay SP7 is a special relay that is on for one scan, then off for one scan. A permissive
contact on the last rung handles an embedded sign bit.

NOTE: Use binary data to write to the module outputs. Do not use a BIN instruction if the data is
already in binary format.

| Load data into the accumulator.
| sp7

LD Loads the data for channel 1 into the accumulator.
—{ }— V2000
SP7

LD Loads the data for channel 2 into the accumulator.
_{/}— V2001

Send data to V-memory assigned to the module.

SP1
| BIN Convert the data to binary (you must omit this step if you
—‘ [ have converted the data elsewhere).
ANDD Remove sign bit for BCD to binary conversion. SP1 is
K7FFF always on.
ouT The OUT instruction sends the data to the
V40501 module. Our example starts with V40501 but the

actual value depends on the location of the
module in your application.

Select the channel to update.

V2001 K8000

[\

|>|
1=l

SP7 Y34 Selects channel 1 for update when Y34 is OFF
| (OUT (Y35-ON deselects channel 2). Note, Y34 and Y35
_{/[ O ) are used due to the previous examples. If the
module was installed in a different /O
arrangement, the addresses would be different.
SP7 Y35 Selects channel 2 for update when Y35 is OFF
_{ | KOU'D (Y34-ON deselects channel 1). Note, Y34 and Y35
[ pS are used due to the previous examples. If the
module was installed in a different I/O arrangement,
the addresses would be different.
SP7 V2000 K8000 Y37
— | 12| {OUT)  Ifthe output format is ~2047 to +2047, include this

rung to embed the sign bit. For the output format 0 to
4095, omit this rung.
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If the output range format of +2047 is used (also most commonly used with bipolar
voltage ranges), the data values must be specified as either positive or negative. The
previous example could be used with an addition to activate the sign output bit, or use the
following example which uses individual contacts to determine the sign bit status for each
channel.

A WARNING: DO NOT USE THIS METHOD if the sign information is embedded into the data
value by adding 8000 to it. Use the previous example.

| Load data into the accumulator.

| sp7 D Loads the data for channel 1 into the accumulator.
4{ }— V2000
SP7 .
LD Loads the data for channel 2 into the accumulator.
4{ / }— V2001

Send data to V-memory assigned to the module.

SP1 BIN Convert the data to binary (you must omit this step if
4{ you have converted the data to binary).
SP1 is always on.

The OUT instruction sends the data to the module. Our
\9}1'{;'-501 example starts with V40501, but the actual value

depends on the location of the module in your
application.

Select the channel to update.

SP7 Y34
4{/\ /OU-D Selects channel 1 for update when Y34 is OFF
[ S (Y35-ON deselects channel 2). Note, Y34 and Y35 are
used due to the previous examples. If the module was
installed in a different I/O arrangement, the addresses
SP7 Y35 would be different.

—{ } [OU'D Selects channel 2 for update when Y35 is OFF
(Y34-ON deselects channel 1). Note, Y34 and Y35 are
used due to the previous examples. If the module was
installed in a different I/O arrangement, the addresses
would be different.

SP7 X1 Y37
—{ } } } \OU'D The permissive X1 activates Y37 (sign bit) during a
channel 1 update scan. The permissive X2 activates
X2 Y37 during a channel 2 update scan. The sign bit (Y37
SP7 ON) indicates that the value is negative. You could use
—‘/} } } another permissive, such as a CR, etc.

NOTE: Do not exceed a value of 2047 for 2047 output data formats.
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Write Data to One Channel

The following example can be used if only one channel is to be written to, or if the outputs
are to be controlled individually. Don't forget to either embed the sign information or
use the sign output bit for bipolar ranges. In this example below, data is written to output
chan‘nel 1.

\ The LD instruction loads the data into the
SP1 LD accumulator. Since SP1 is used, this rung

4{ } V2000 automatically executes on every scan. You could
also use an X, C, etc. permissive contact.

The BIN instruction converts the accumulator data
to binary (you must omit this step if you have
already converted the data elsewhere).

BIN

ANDD The ANDD instruction masks off the channel select
I KOFFF bits to prevent an accidental channel selection.

The OUT instruction sends the data to the module. Our
example starts with V40501, but the actual value

—1 V40501 depends on the location of the module in your
application.

Y34

—————(RST)  Y34-OFF selects channel 1 for updating.

Y35

4<0U'D Y35-ON deselects channel 2 (do not update).

X1 Y37 The permissive X1 activates Y37, which is the sign bit.
_{ | (OU'D The sign bit indicates that the value is negative. You

o could use another permissive, such as a CR, etc. Omit

| this rung if you are using the 0 to +4095 output format.

Write Data to Both Channels

In the example below, if both selection channels are off, they will be updated with the same
data. Remember to either embed the sign information or use the sign output bit.

| The LD instruction loads the data into the
SP1 LD accumulator. Since SP1 is used, this rung

—{ | V2000 automatically executes on every scan. You could
also use an X, C, etc. permissive contact.

The BIN instruction converts the accumulator data
to binary (you must omit this step if you have
already converted the data elsewhere.

BIN

ANDD The ANDD instruction masks off the channel select
—— KOFFF bits to prevent an accidental channel selection.

The OUT instruction sends the data to the module. Our
ouT example starts with V40501, but the actual value

—1 V40501 depends on the location of the module in your

application.

Y34
(RSD Y34-OFF selects channel 1 for updating.

Y35
(RSD Y35-OFF selects channel 2 for updating.

X1\ Y37 The permissive X1 activates Y37, which is the sign bit.
- ouT)

The sign bit indicates that the value is negative. You
could use another permissive, such as a CR, etc. Omit
‘ this rung if you are using the 0 to +4095 output format.
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Analog and Digital Value Conversions

It is sometimes useful to do quick conversions between the signal levels and the digital
values. This can be helpful during startup or troubleshooting. The following table shows
some formulas to help with the conversions.

- : The analog signal level i
Range The digital value is known € analog signa fevet Is
known
A= 10D D= 4095 (A)
i 4095 10
+10V A= 10D D= 2047 (A)
(output format +2047) 2047 10
A= 5D D= 4095 (A)
sl 4095 5
* 5V A= 5D D= 2047 (A)
(output format +2047) 2047 5
For example, if a 10V range with an output format of +2047 D =2047 p)
is used, and a 6V signal level is needed, use the formula to 10
the right to determine the digital value "D" to be stored in the 2047
V-memory location which contains the data. D= 10 (6V)
D =(204.7) (6)
D=1228
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- Chapter 10: F2-08DA-1, 8-Channel Analog Current Output

Module Specifications
The F2-08DA-1 Analog Output module provides several ‘ T

hardware features: 8 CHANNEL
* Supported by D2-230, D2-240, D2-250-1, D2-260 and I :
62 CPUs (see firmware requwements) | J i
 Analog outputs are optically isolated from the PLC logic. F2-0€;DA-1 l

« The module has a removable terminal block so the 18-26.4VDC
module can be easily removed or changed without dis- o
connecting the wiring.

All channels can be updated in one scan (D2-240,
D2-250-1, D2-260 and D2-262 only).

» Outputs are both current sinking and sourcing.

4-20mA
SNK-SRC

Firmware Requirements:

 To use this module, D2-230 CPUs must have firmware
version 2.7 or later.

« To use the pointer method for writing values, D2-240
CPUs
require firmware version 3.0 or later.

« D2-250-1 CPU requires firmware version 1.33 or later.

=
~ 2
=2
~ 2
c
" g
o
<
>

F2-08DA-1

Analog Output Configuration Requirements
The F2-08DA-1 analog output module requires 16 discrete output points. The module can
be installed in any slot of a DL205 PLC system, but the available power budget and discrete
I/0 points can be the limiting factors. Check the user manual for the particular model of
CPU and 1/0 base being used for information regarding power budget and number of
local, local expansion or remote |/O points.
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The following tables provide the specifications for the F2-08DA-1 Analog Output Module.
Review these specifications to make sure the module meets your application requirements.

Output Specifications

Number of Channels 8, single-ended

Output Range 4-20 mA

Resolution 12 bit (1 in 4096)

Output Type Current sinking and current sourcing
Maximum Loop Supply 30vVDC

Source Load 0-400 Q (for loop power 18-30 V)

Sink Load 0-600 Q / 18V, 900Q2 / 24V, 1200Q2 / 30V
Total Load (sink plus source) 600Q2 / 18V, 900Q / 24V, 1200Q / 30V
Linearity Error (end to end) +2 counts (£0.050% of full scale) maximum
Conversion Settling Time 400ps maximum (full scale change)

+12 counts maximum, sinking (any load)

+12 counts maximum, sourcing (125Q load)
+18 counts maximum, sourcing (250Q load)
426 counts maximum, sourcing (400Q load)

Full-scale Calibration Error

49 counts maximum, sinking (any load)

49 counts maximum, sourcing (125Q load)
+11 counts maximum, sourcing (250Q load)
+13 counts maximum, sourcing (400Q) load)

0.5% sinking (any load) & sourcing (125Q load )
0.64% sourcing (250Q load )

Offset Calibration Error

Maximum Full Scale Inaccuracy @

0-60°C 0.83% sourcing (400€2 load)
Maximum Full Scale Inaccuracy @ 0.3% sinking (any load) & sourcing (125Q load )
0-25°C 0.44% sourcing (250Q load )

(includes all errors & temperature drift) | 0.63% sourcing (400Q load)

General Specifications
PLC Update Rate 8 channel per scan maximum
Digital Outputs / 12 binary data bits, 3 channel ID bits, 1 output enable bit
Output Points Required 16 (Y) output points required
Power Budget Requirement 30mA @ 5VDC (supplied by the base)
External Power Supply 18-30 VDC, 50mA plus 20mA / output loop, class 2
Operating Temperature 0-60°C (32-140°F)
Storage Temperature -20°C to 70°C (-4°F to 158°F)
Relative Humidity 5-95% (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
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Special Placement Requirements (D2-230 and Remote 1/O Bases)
It is important to examine the configuration if a D2-230 CPU is being used. As can be seen
in the section on Writing the Control Program, V-memory locations are used to hold the
analog data that will be written to the output. If the module is placed in a slot so that the
output points do not start on a
V-memory boundary, the program instructions aren’t able to access the data. This also
applies when placing this module in a remote base using a D2-RSSS in the CPU slot.

Correct! F2-08DA-1
~

By &
x
o
x
8
<
o
=<
S
=<
&

2l

o 0 O |

Data can be written correctly because V40500V40501 V40502
the output points start on a V-memory MSB LSB
boundary address as seen in the table [(TITTITITITIITIITI 1]
below. Y YY Y
3 32 2
7 07 0

Incorrect F2-08DA-1

)
ﬂ_ﬂ:jgﬁ_uf o E e e B

oo oo oo

t0 | Slot1 Slot 2 Slot 3 Slot 4

16pt 8pt 16pt 8pt 16pt
Input Output Output Output

E X0 | x20 \‘AK Y20 | Y30
x17| x27 | v17 Y47
qu\\ﬁ

G s I S s 0 G 0 N o |

il OH‘?/égt
G

Data is split over two locations, so instructions cannot access data from a D2-230 (or when
the module is placed in a remote base).

MSB V40502 LSB MSB V40501 LSB
CITTTTTTTIITTITITTIT) LTI TITT I T ITITITT]
Y Y Y Y Y Y Y Y
5 54 4 3 32 2
7 07 0o 7 07 0

To use the V-memory references required for the multiplexing method, the first output
address assigned to the module must be one of the following Y locations. The table also

shows the V-memory addresses that correspond to these Y locations.

Y60 Y100 Y120 Y140 Y160
V40507

X |Y0 Y20 Y40
V | V40500 | V40501 | V40502 | V40503 | V40504 | V40505 | V40506
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Connecting and Disconnecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

* Use the shortest wiring route whenever possible.

* Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

« Route the wiring through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

User Power Supply Requirements
The F2-08DA-1 module requires at least one field-side power supply. The same or separate
power sources can be used for the module supply and the current transmitter supply. The
F2-08DA-1 module requires 18-30 VDC (at 50mA) and each current loop requires 18-30
VDC (at 20mA), from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provides up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the required operating
current and the transmitter negative (-) side and the module power supply negative (-) side
are connected together.

system operation that can lead to a risk of personal injury or equipment damage.

2 WARNING: If the internal 24VDC power budget is exceeded, it may cause unpredictable
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Wiring Diagram
The F2-08DA-1 module has a removable connector which helps to simplify wiring. Just
squeeze the top and bottom retaining clips and gently pull the connector from the module.
Use the following diagram to connect the field wiring. Channels 1 and 2 are shown wired
for sourcing, and channels 7 and 8 are shown wired for sinking. The diagram also shows
how to wire an optional loop power supply.

Typical User Wiring

iiiiiiiiiii - -
Loop Power T Internal ?yﬁhﬁg
SOURCE Supply | Module

Configurations See + _ Wiring 1 i

1-1 Sink/Source |
NOTE! 1-0 @ Circuitry |
Ch 1 load e @ P 1
250 ohms @ -
typical » 2-0 @ F2-08DA-1
@ 3— 18-264VDC
Ch 2 load 3-0 @ Z%QA
ny(z)ioclgrlns | GD 4- SNK-SRC
wo (] -
5-0
@ D
Iy
250 ohms 7—1
typical 7-0 @ @
8|
Ch 8 load A—
250 ohms 8-0 @ @
typical N/C
B
+ -

\
18-30 VDC
-

S
7

SINK
Configurations

-
- |
XS
S
<
— S
~ %
<
<

. NOTE 1: Shields should be connected to the OV terminal of the module.

Load Range
The maximum load resistance depends on the particular loop power supply being used.
Loop Power Supply Voltage Source Load Range Sink Load Range
30vVDC 0-1200 Q
24VDC 0-400 Q 0-900 Q
18VDC 0-600 Q
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Module Operation

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes the analog signals.

Channel Scanning Sequence (Multiplexing) for a D2-230 CPU
The D2-230 can send one channel of data to the output per CPU scan if the multiplexing
method is used. The module refreshes all field devices on each scan, but new data can
only be obtained from the CPU at the rate of one channel per scan. Since there are eight
channels, it can take eight scans to update all channels. However, if only one channel is
being used, then that channel will be updated on every scan. The multiplexing method can
also be used for the D2-240, D2-250-1, D2-260 and D2-262 CPUs.

System Using
Scan Multiplex
Method
/ \v (D2-230)

Read inputs ( \

¢ Scan N —> Channel 1

Execute Application Program

Do)

Calculate the data Scan N+1 ——> Channel 2

%

Scan N+2 —>» Channel 3

Write data Scan N+3 ——> Channel 4

L E——

Scan N+8 —>] Channel 8

v
Write to outputs J

N
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Channel Scanning Sequence (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs
If either a D2-240, D2-250-1, D2-260 or D2-262 CPU is used, all channels can be updated
on every scan. This is because the all three CPUs support special V-memory locations that
are used to manage the data transfer. This is discussed in more detail in the section on
Writing the Control Program later in this chapter.

E o | i | ium o |
/ System With
D2-240, D2-250-1
n \
Sca D2-260 or D2-262 CPU
/ i Using Pointer Method

Read inputs

N E3Bpe -

¢ Scan N —> Channel 1, 2...8
Execute Application Program

Calculate the data Scan N+1 ——> Channel 1, 2...8
H

Scan N+2 ——> Channel 1, 2...8

Write data Scan N+3 > Channel 1, 2...8

HF———(>

Scan N+4 — > Channel 1, 2...8

v
Write to outputs J

N

Understanding the Output Assignments
Remember that the F2-08DA-1 module appears to the CPU as a 16-point discrete output
module. These points provide the data value and an indication of which channel to update.
Note, if either a D2-240, D2-250-1, D2-260 or a D2-262 CPU is being used, these bits may
never have to be used, but it may be an aid to help understand the data format.

Since all output points are automatically mapped into V-memory, the location of the data
word that will be assigned to the module can be simply determined.
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F2-08DA-1

- - b
X27 | Y17 | Y37 | Y47 )

G I G S G i S G

V40500 V40502
V40501

MSB LSB

LTIl

YYYY Y

3333 ) 2

7654 Data Bits 0

The individual bits in this data word location, represents specific information about the
analog signal.

Channel Select Outputs
Three of the outputs select the active
channel. Remember, the V-memory V40501
bits are mapped directly to discrete MSB LSB
outputs. The binary weight of the three LLITTTITITITTTTT]
bits will determine the selected bit. By Y
controlling these outputs, the channel
to be updated can be selected.

o w=<
ow=<
I N R
oN

[[] =channel select outputs

Select Channel Outputs

Channel Number
Y36 Y35 Y34 Selected
- - - 1
- - X 2
- X - 3
- X X 4
X - 5
X - X 6
X X - 7
X X X 8
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Analog Data Bits

The first twelve bits represent the analog data in V40501

binary format. MSB LSB

Bit Value  Bit Value HHIIIIIIIIIIIII

11987654321

0 1 6 64 10

! 2 ! 128 [] =data bits

2 4 8 256

3 8 9 512

4 16 10 1024

5 32 1 2048

Output Enable \iSE V40501 Lsa

The last output can be used to update outputs. If t | | [TTTTTIIIITITIIT]

output is OFF, the outputs will be cleared. Y
3 2
7 0

[[] =output enable

Module Resolution
Since the module has 12-bit resolution, the analog signal is converted into 4096 counts
ranging from 0-4095 (212). For example, send a 0 to get a 4mA signal, and 4095 to get a
20mA signal. This is equivalent to a binary value of 0000 0000 0000 to 1111 1111 1111,
or 000 to FFF hexadecimal. The diagram shows how this relates to the signal range. Each
count can also be expressed in terms of the signal level by using the equation shown.

4-20mA . H-L
SOmAF — — — Resolution = 2095

\
| H = high limit of the signal range

\ L = low limit of the signal range

4mA 16mA/4095 = 3.9 YA per count
0 4095
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Writing the Control Program

Calculating the Digital Value For 0-4095 output format
The control program must calculate the digital value 4095
that is sent to the analog output. Several methods can A= llilT
be used to do this, but the best method is to convert
the values to engineering units. This is accomplished by A= Analog Value (0-4095)
using the formula shown. U = Engineering Units
Adjustments may have to be made to the formula H = High limit of the engineering
depending on the scale of the engineering units. unit range

L = Low limit of the engineering
unit range

Consider the following example which controls pressure
from 0.0-99.9 psi. Using the formula will calculate the digital value to be sent to the analog
output. The example shows the conversion required to yield 49.4 psi. The multiplier of 10 is
used because the decimal portion of 49.4 cannot be loaded in the program, so it is shifted
right one decimal place to make a usable value of 494.

A=10U 4095 A =494 4095 A =2023
10 (H-L) (1000-0)

The Conversion Program

The example program shows how to write the program to perform the engineering unit
conversion. This example assumes that a BCD value has been stored in V2300 and V2301
for channels 1 and 2 respectively.

NOTE: The DL205 has many instructions available so that math operations can simply be
performed using BCD format. Do the math in BCD, then convert to binary before writing to the
module output.

| SP1 LD The LD instruction loads the engineering units used with channel 1 into
4{ | V2300 the accumulator. This example assumes the numbers are BCD. Since
I ) ] .
SP1 is used, this rung automatically executes on every scan. You could
also use an X, C, etc. permissive contact.
— '\KA[%JOI@E, Multiply the accumulator by 4095 (to start the conversion).
DIV Divide the accumulator by 1000 (because we used a multiplier of 10,
— K1000 we have to use 1000 instead of 100).
ouT Store the BCD result in V2000 (the actual steps required to send the
— V2000 data are shown later).
SP1 LD The LD instruction loads the engineering units used with channel 2 into
4{ | V2301 the accumulator. This example assumes the numbers are BCD. Since
[ ) ] .
SP1 is used, this rung automatically executes on every scan. You could
also use an X, C, etc. permissive contact.
MUL . X
—1 K4095 Multiply the accumulator by 4095 (to start the conversion).
DIV Divide the accumulator by 1000 (because we used a multiplier of 10,
— K1000 we have to use 1000 instead of 100).
ouT Store the BCD result in V2001 (the actual steps required to send the
—— V2001 data are shown later).
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Writing Values: Pointer Method and Multiplexing
Pointer Method for the D2-240, D2-250-1, D2-260 and D2-262 CPUs

There are two methods of reading values:

 Pointer method

* Multiplexing
The multiplexing method must be used with a D2-230 CPU. The multiplexing method
must also be used with remote I/O modules (the pointer method will not work). Either

method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, but for ease of
programming it is highly recommended to use the pointer method.

The D2-240, D2-250-1, D2-260 and D2-262 CPUs have special V-memory locations
assigned to each base slot that will greatly simplify the programming requirements.

These V-memory locations allow you to:
« Specify the data format
« Specify the number of channels to scan
« Specify the location of the data that will be written to the module

NOTE: D2-240 CPUs with firmware release version 1.5 or later and. D2-250-1 CPUs with firmware release version 1.06
or later support this method.

The following example program shows how to setup these locations. Place this rung
anywhere in the ladder program, or in the initial stage if stage programming instructions
are being used. V2000 is used in the example but any user V-memory location can be used.
In this example the module is installed in slot 3. Be sure to use the V-memory locations for
the module placement. The pointer method automatically converts values to BCD.

| sPO -

L LD LD k
-or-
| K2 | Ke2_ |

Loads a constant that specifies the number of channels to scan and
the data format. The lower byte, most significant nibble (MSN)
selects the data format (i.e. 0=BCD, 8=Binary), the LSN selects the
number of channels (1 or 2).

The binary format is used for displaying data on some operator
interfaces. The D2-230 and D2-240 CPUs do not support binary math
functions, whereas the D2-250-1, D2-260, and D2-262 do.

Special V-memory location assigned to slot 3 that contains the

\9?6-%3 number of channels to scan.
This loads an octal value for the first V-memory location that will be
LDA used to store the output data. For example, the 02000 entered here
— 02000 would designate the following addresses.
Ch1 - V2000, Ch2 - V2001
The octal address (02000) is stored here. V7703 is assigned to slot
ouT 3 and acts as a pointer, which means the CPU will use the octal
—— V7703 value in this location to determine exactly where to store the output
data.
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The following tables show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if the D2-230 (multiplexing) method is used, verify
that these addresses in the CPU are 0 (zero).

The table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.
CPU Base: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Channels V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667

Storage Pointer| V7700 | V7701 | V7702 | V7703 | V7704 | V7705 | V7706 | V7707

The table below applies to the D2-250-1, D2-260 or the D2-262 CPU base 1.
Expansion Base D2-CM #1: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
e V36000 | V36001 | V36002 | V36003 | V36004 | V36005 | V36006 | V36007
Storage Pointer| V36020 V36021 V36022 V36023 V36024 V36025 V36026 V36027

The table below applies to the D2-250-1, D2-260 or the D2-262 CPU base 2.
Expansion Base D2-CM #2: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of
Channels V36100 | V36101 V36102 | V36103 | V36104 | V36105 | V36106 | V36107

Storage Pointer| V36120 | V36121 | V36122 | V36123 | V36124 | V36125 | V36126 | V36127

The table below applies to the D2-260 and D2-262 CPU base 3.

Expansion Base D2-CM #3: Analog Output Module Slot-Dependent V-memory
Locations
3

Slot 0 1 2 4 5 6 7
No. of
Channels V36200 | V36201 | V36202 | V36203 | V36204 | V36205 | V36206 | V36207

Storage Pointer| V36220 | V36221 | V36222 | V36223 | V36224 | V36225 | V36226 | V36227

The table below applies to the D2-260 and D2-262 CPU base 4.

Expansion Base D2-CM #4: Analog Output Module Slot-Dependent V-memory
Locations
3

Slot 0 1 2 4 5 6 7
No. of
Channels V36300 | V36301 | V36302 | V36303 | V36304 | V36305 | V36306 | V36307

Storage Pointer| V36320 | V36321 | V36322 | V36323 | V36324 | V36325 | V36326 | V36327
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Writing Data (Multiplexing Example)
The following example program shows how to write data using the multiplexing method.
This may be used with all the DL205 CPUs.

| Cc10 Co

\ (ouT
_{ [ o ) Restarts the update sequence.

Cc7
4{ I LD Updates channel 8.
I V2007

BIN

ORD
K7000

C10

(D

LD
4{ } V2006 Updates channel 7.

BIN

ORD
K6000

c7
e G

Updates channel 6.

| LD
4{ [ V2005

BIN

ORD
K5000

c6
(D

4{ } I\_/|:2)()()4 Updates channel 5.

BIN

ORD
K4000

c5
\ —(oun)

Continued
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Write Data (Multiplexing Example) Continued

4{ } \'79003 Updates channel 4.

BIN

ORD
K3000

C4

BT

Updates channel 3.

| LD
4{ I V2002

BIN

ORD
K2000

C3
— (@D

C1
4{ }7 \L/[2)001 Updates channel 2.

BIN

ORD
K1000

Cc2
—@w
Co
4{ } \L/Igooo Updates channel 1.

SPO
f‘ ‘ BIN

ORD
KO

C1

——n
SP1 o

uT
—{ }7 V40501 Sends the data to the module. Our

example starts with V40501, but the
Y37 actual value depends on the location

of the module in your application.
‘ ——oum) your app
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Write Data to One Channel

If more than one channel is used, or if updates are to be controlled separately, the
following program can be used.

\ The LD instruction loads the data into the

SP1 LD accumulator. Since SP1 is used, this rung
—{ } V2000 automatically executes on every scan. You could
also use an X, C, etc. permissive contact.

BIN The BIN instruction converts the accumulator data
to binary (you must omit this step if you have
already converted the data elsewhere).

ANDD The ANDD instruction masks off the channel select

— KOFFF bits to prevent an accidental channel selection.
The OUT instruction sends the data to the module. Our
ouT example starts with V40501, but the actual value
1 V40501 depends on the location of the module in your
application.
Y34
4<RS'D Y34, Y35, Y36-OFF selects channel 1 for updating.
Y35
D)
Y36
— D)
Y37
7<0U-D Y37 is the output enable bit.

Analog and Digital Value Conversions
It is sometimes useful to do quick conversions between the signal levels and the digital
values. This can be helpful during startup or troubleshooting. The following table shows
some formulas help with the conversions.

If the analog signal level is

EN[] If the digital value is known ot
A= 16D +4 D= 4095 (A 4)
4-20 mA 4095 16
For example, to covert a 1T0mA signal level to a digital D=4095(p-4)
value, substitute 10 for A and complete the math as shown 16
in the example to the right. D =4095 (10mA-4)
1

D =(255.93) (6)

D=1536
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- Chapter 11: F2-08DA-2, 8-Channel Analog Voltage Output

Module Specifications
The F2-08 DA-2 Analog Output module provides several

hardware features:
+ Analog outputs are optically isolated from the PLC logjic.

+ The module has a removable terminal block so the mod-
ule can be easily removed or changed without discon-
necting the wiring. F2-08DA-2

All channels can be updated in one scan if either a
D2—hZ40, %D2—250—1, a D2-260 or a D2-262 CPU is used
in the PLC.

« Outputs are voltage sourcing.
« Outputs can be configured for either of the following

.

ranges:
1. 0-5VDC
2. 0-10VDC

O]
O
(&
[
L‘!‘J

Firmware Requirements:

» To use this module, D2-230 CPUs must have firmware F2080A2
version 2.7 or later.

- To use the pointer method for writing values, D2-240
CPUs require firmware version 3.0 or later.

« D2-250-1, D2-260, and D2-262 CPUs require firmware ver-
sion 1.33 or later.

F2-08DA-2
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Chapter 11: F2-08DA-2, 8-Channel Analog Voltage Output.

The following tables provide the specifications for the F2-08DA -2 Analog Output Module.
Review these specifications to make sure the module meets your application requirements.

Output Specifications

Number of Channels 8, single-ended

Output Range 0-5V,0-10V

Resolution 12 bit (1in 4096)

Output Type Voltage sourcing

Peak Output Voltage 15VDC (clamped by transient voltage suppressor)
Load Impedance 1kQ (0-5 Vrange); 10kQ (0-10V range)

Load Capacitance 0.01 yF maximum

Linearity Error (end to end) + 1 count (+ 0.025% of full scale) maximum

400ps maximum (full scale change)

Conversion Settling Time
g 4.5-9.0 ms for digital out to analog out

Full-scale Calibration Error
(offset error included)

Offset Calibration Error + 3 counts maximum, @ 25°C (77°F)

+0.3% @ 25°C(77°F)

+0.45% 0-60°C (32-140°F)

+ 57ppm/°C full scale calibration change
(Including maximum offset change of 2 counts)

General Specifications

1 channel per scan maximum (multiplexing)

+ 12 counts maximum, @ 25°C (77°F)

Maximum Inaccuracy

Accuracy vs. Temperature

PLC Update Rate 8 channels per scan maximum (pointer -
D2-240/D2-250-1/D2-260 and D2-262 only)

Digital Outputs / 12 binary data bits, 3 channel ID bits, 1 output enable bit;

Output Points Required 16 (Y) output points required

Power Budget Requirement 60mA @ 5VDC (supplied by the base)

External Power Supply 24VDC(+ 10%), 140mA (outputs fully loaded)

Operating Temperature 0-60°C (32-140°F)

Storage Temperature -20°Cto 70°C (-4°F to 158°F)

Relative Humidity 5-95% (non-condensing)

Environmental Air No corrosive gases permitted

Vibration MIL STD 810C 514.2

Shock MILSTD 810C 516.2

Noise Immunity NEMA ICS3-304

Analog Output Configuration Requirements
The F2-08DA-2 analog output module requires 16 discrete output points. The module can be
installed in any slot of a DL205 PLC, but the available power budget and discrete 1/O points
are the limiting factors. Check the DL205 PLC User Manual for the particular model of
CPU and I/O base being used for information regarding power budget and number of local
base, local expansion base or remote I/O points.
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Special Placement Requirements (D2-230 and Remote I/O Bases)
It is important to examine the configuration if a D2-230 CPU is being used. As can be seen
in the section on Writing the Control Program, V-memory locations are used to hold the
analog data that will be written to the output. If the module is placed in a slot so that the
output points do not start on a V-memory boundary, the program instructions aren’t able
to access the data. This also applies when placing this module in a remote base using a
D2-RSSS in the CPU slot.

Correct! F2-08DA-2
~
el e [ 5 [ |5
o | E8 EE | 88 1 E
_ T Sloto| Slot1| Slot2| Slot3 | Sot4
8— 16pt 8pt 16pt 16pt 8pt
Il| I S et Input Output Output Output
I X0 | X20 YO Y20 | Y40
T - - - - b
' x17| xe7 | v17 | v37 | va7 }
o A e O o Y e D Y s 0
. V40500 V40502
Data can be written correctly because V40501
; _ MSB LSB
the output points start on a V-memory (TITT T T IIIITI]
boundary address as seen this table. Y Y
3 2
7 0
Incorrect F2-08DA-2
)

LI ﬂ_ﬂ*y ) IR e e I
5o o= oo =0 oo
E] EF] 5 EE EF] EE
\QKW\ 55 1758 | B8 | BE | BB
_ 7?:)ﬂw¢g Slot1]| Slot2| Slot3| Slot4
Z‘ 16pt 8pt 16pt 8pt 16pt
< ] Input t Output Output Output
I

Data is split over three locations, so instructions cannot access data from a D2-230 (or
when the module is placed in a remote base).

MSB V40502 LSB MSB V40501 LSB
(TITTTTTTITTIITIT ] OO Il ]
Y Y'Y Y v Y'Y Y
5 54 4 3 32 2
7 07 0o 7 07 0

To use the V-memory references required for a D2-230 CPU, the first output address
assigned to the module must be one of the following Y locations. The table also shows the

V-memory addresses that correspond to these Y locations.

Y [Yo Y20 Y40 Y60 Y100 Y120 Y140
V V40500 |V40501 |V40502 |V40503 |V40504 |V40505 |V40506 |V40507
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Setting the Module Jumpers

The F2-08DA-2 Analog Output module uses a jumper for selecting the voltage ranges
of 0-5V or 0-10 V.

This figure shows the jumper locations. See the table on the following page to determine the
proper settings for your application.

Old Jumper New Jumper
Locations Locations

0-10V

0-10vV

Jumper Locations Jumper Locations

Revision A5 and Lower Revision B and Higher

Voltage Range and Output Combinations

The table lists both possible combinations of voltage ranges and data formats, along with the
corresponding jumper settings.

Jumper Setting
Voltage Range Output Data Format ton board
0-5V 0-4095 Install
0-10V 0-4095 Remove

The following graphs show the voltage range to output data format relationship for each of
the two selections.

Ranges

0 4095 0 4095
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- Chapter 11: F2-08DA-2, 8-Channel Analog Voltage Output

Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

¢ Use the shortest wiring route whenever possible.

¢ Use shielded wiring and ground the shield at the transmitter source. Do not ground the shield at
both the module and the source.

* Do not run the signal wiring next to large motors, high current switches, or transformers. This
may cause noise problems.

* Route the wiring through an approved cable housing to minimize the risk of accidental damage.
Check local and national codes to choose the correct method for your application.

User Power Supply Requirements
The F2-08DA-2 module requires at least one field-side power supply. The same or separate
power sources can be used for the module supply and the voltage transmitter supply. The
F2-08DA-2 module requires 21.6-26.4 VDC (at 140 mA), from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300 mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location
remote from the PLC. This will work as long as the transmitter supply meets the current
requirements, and the transmitter's minus (-) side and the module supply’s minus (-) side
are connected together.

WARNING: If the internal 24VDC base power is used, be sure to calculate the power budget.
& Exceeding the power budget can cause unpredictable system operation that can lead to a
risk of personal injury or equipment damage.
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Chapter 11: F2-08DA-2, 8-Channel Analog Voltage Output.

Wiring Diagram
The F2-08DA-2 module has a removable connector which helps to simplify wiring. Squeeze
the top and bottom retaining clips and gently pull the connector from the module. Use the
following diagram to connect the field wiring.

21.6-26.4VDC r ;\r)\te(;nfl
@ 140mA R lodule
Wiri ANALOG
N _ iring o

0VDC

&

+5V
+15V

ov F2-08DA-2
-15V

See

J_% NOTE 1

Ch1 load A
1K-10K ohms
minimum 4

Ch1
Voltage source

DtoA
Converter

131I9AUOY)
2d 9 DA

Chg
Voltage source

DtoA
Converter

B @ Bz B

See
NOTE 1

Ch 8 load
1K-10K ohms
minimum

F2-08DA-2

. NOTE 1: Shields should be connected to the OV terminal of the module or OV of the power supply.
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Module Operation

Before beginning to write the control program, it is important to take a few minutes to

understand how the module processes the analog signals.

Channel Update Sequence (Multiplexing) for a D2-230 CPU

If a multiplexing program is being used, only one channel of data can be sent to the output
module on each scan. The module refreshes both field devices on each scan, but new data

can only be obtained from the CPU at the rate of one channel per scan. Since there are eight
channels, it can take eight scans to update all channels. However, if only one channel is being
used, that channel will be updated on every scan. The multiplexing method can also be used
for the D2-240, D2-250-1, D2-260 and D2-262 CPUs.

L

DB

Read inputs

!

Execute Application Program

Calculate the data

%

Write data
HF——C>

7

N
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System Using
Multiplex
Method
(D2-230)

Scan N —>

Scan N+1 —>

Scan N+2 ——>

Scan N+3 ——>

Scan N+8 — ]

Channel 1

Channel 2

Channel 3

Channel 4

Channel 8
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Channel Update Sequence (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs
If either a D2-240, D2-250-1, D2-260 or a D2-262 CPU is used with the pointer method,
all channels can be updated on every scan. This is because the three CPUs support special
V-memory locations that are used to manage the data transfer. This is discussed in more detail
in the section on Writing the Control Program later in this chapter.

== | BB B {B3 EE BEE
=

]

7]

M M i i | M M

System With
Scan D2-240, D2-250-1
D2-260 or D2-262 CPU
/ I Using Pointer Method
Read inputs ( \‘
¢ Scan N —> Channel 1, 2...8

Execute Application Program

Calculate the data Scan N+1 —> Channel 1, 2...8
H

Scan N+2 —> Channel 1, 2...8

Write data Scan N+3 > Channel 1, 2...8

H (>

Scan N+4 —>] Channel 1, 2...8

v
Write to outputs J

.
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Understanding the Output Assignments
Remember that the F2-08DA-2 module appears to the CPU as a 16-point discrete output
module. These points provide the data value and an indication of which channel to update.
Note, if either a D2-240, D2-250-1, D2-260 or a D2-262 CPU is being used, these bits may
never have to be used, but it may be an aid to help understand the data format.

Since all output points are automatically mapped into V-memory, the location of the data

word that will be assigned to the module can be simply determined.
F2-08DA-2

%
ﬂ
ﬂ
;
]

Input Input Output Output Output

Y40

- - )
X17 | X27 | YA7 | Y37 | Y47 )
S I G D N D S S S

b - Eﬁﬁé
x
S
<
N

V40500 V40502
V40501

The individual bits in this data MSB LSB
word location, represents specific (T T T T T T T T T T T T T]
information about the analog signal. YYYY Y

3 g g 2 Data Bits g

Channel Select Outputs \SE V40501 s

Three of the outputs select the active channel. EEEEEEEEEEEEEERE
Remember, the V-memory bits are mapped VARV v
directly to discrete outputs. The binary weight 333 2
of these three bits determines which channel 65 4 0

is selected. The channel to be updated is
controlled by these three outputs. [[] =channel select outputs

Select Channel Qutputs

Channel Number
Y36 Y35 Y34 Selected
- - - 1
- - X 2
- X - 3
- X X 4
X - - 5
X - X 6
X X - 7
X X X 8
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Analog Data Bits

The first twelve bits represent the analog V40501

data in binary format. MSB LSB

Bit Value Bit Value LTI T TTTTITTTITTITT]
119876543210

0 1 6 64 10

1 2 7 128

2 4 8 256 [] =data bits

3 8 9 512

4 16 10 1024

5 32 11 2048

Output Enable

The last output can be used to update MSB V4001 LSB

outputs. If this output is OFF, the outputs EEEEEEEEEEEEEEEE

are cleared. Y Y
3 2
7 0

) [] =output enable
Module Resolution

Since the module has 12-bit resolution, the analog signal is converted into 4096 counts
ranging from 0-4095 (212). For example, for a 0—10 V range, send a 0 to get a 0V signal,

and 4095 to get a 10V signal. This is equivalent to a binary value of 0000 0000 0000 to 1111
1111 1111, or 000 to FFF hexadecimal.

Each count can also be expressed in terms of the signal level by using the equation shown.

0-10V Resolution = H - L
oV T T T | 4095
\
ov ‘ H = High limit of the signal range
0 4095 L = Low limit of the signal range

The table below shows the smallest change in signal level due to a digital value change of 1
LSB count.

Voltage Range Signal Span Divide By Sma(l:lﬁ::]:tput
0-5V 5volts 4095 1.22mV
0-10V 10 volts 4095 2.44mV
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Writing the Control Program
Calculating the Digital Value

The control program must calculate the digital

value that is sent to the analog output. Several A= UH% for 0-4095 output format
methods can be used to do this, but the best

method is to convert the values to engineering

units. This is accomplished by using the formula A= Analog Value (0- 4095)
shown. U = Engineering Units
H = High limit of the engineering

Adjustments may need to be made to the formula !
unitrange

depending on the scale of the engineering units.
L = Low limit of the engineering

unit range

Consider the following example which controls pressure from 0.0 — 99.9 psi. Using the
formula will calculate the digital value to be sent to the analog output. The example shows
the conversion required to yield 49.4 psi. The multiplier of 10 is because the decimal portion
of 49.4 cannot be loaded in the program, so it is shifted right one decimal place to make a
usable value of 494.
A=10U 4095 A =494 4095 A=2023
10 (H-L) (1000-0)

Refer to the example on the next page to write the conversion program.
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The Conversion Program

This example program shows how to write the program to perform the engineering unit
conversion to output data formats 0—4095. This example assumes that a BCD value has been
stored in V2300 and V2301 for channels 1 and 2 respectively.

NOTE: The DL205 has many instructions available so that math operations can simply be
performed using BCD format. Do the math in BCD, then convert to binary before writing to the

module output.

| LD
— | V2300

MUL
| K4095

DIV
] K1000

ouT
— 1 V2000

| LD
= V2301

MUL
| K4095

DIV
] K1000

ouT
— 1 V2001

The LD instruction loads the engineering units used with channel 1 into
the accumulator. This example assumes the numbers are BCD. Since
SP1 is used, this rung automatically executes on every scan. You could
also use an X, C, etc. permissive contact.

Multiply the accumulator by 4095 (to start the conversion).

Divide the accumulator by 1000 (because we used a multiplier of 10,
we have to use 1000 instead of 100).

Store the BCD result in V2000 (the actual steps required to send the
data are shown later).

The LD instruction loads the engineering units used with channel 2 into
the accumulator. This example assumes the numbers are BCD. Since
SP1 is used, this rung automatically executes on every scan. You could
also use an X, C, etc. permissive contact.

Multiply the accumulator by 4095 (to start the conversion).

Divide the accumulator by 1000 (because we used a multiplier of 10,
we have to use 1000 instead of 100).

Store the BCD result in V2001 (the actual steps required to send the
data are shown later).
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Writing Values: Pointer Method and Multiplexing

There are two methods of reading values:

 Pointer method

* Multiplexing
The multiplexing method must be used with a D2-230 CPU. The multiplexing method
must also be used with remote I/O modules (the pointer method will not work). Either

method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, but for ease of
programming it is highly recommended to use the pointer method.

Pointer Method for the D2-240, D2-250-1, D2-260 and D2-262 CPUs

The D2-240, D2-250-1, D2-260 and D2-262 CPUs have special V-memory locations
assigned to each base slot that will greatly simplify the programming requirements.
These V-memory locations allow you to:

« Specify the data format

« Specify the number of channels to scan

« Specify the location of the data that will be written to the module

NOTE: D2-240 CPUs with firmware release version 3.0 or later and. D2-250-1 CPUs with firmware release version 1.33
or later support this method.

The following example program shows how to setup these locations. Place this rung
anywhere in the ladder program, or in the initial stage if stage programming instructions
are being used. V2000 is used in the example but any user V-memory location can be used.
In this example the module is installed in slot 3. Be sure to use the V-memory locations for
the module placement. The pointer method automatically converts values to BCD.

I sPo S

| [ "
— | LD -or- |LD |
K8 LK88 _

Loads a constant that specifies the number of channels to scan and
the data format. The lower byte, most significant nibble (MSN)
selects the data format (0=BCD, 8=Binary), the LSN selects the
number of channels (1-8).

The binary format is used for displaying data on some operator
interfaces. The D2-230 and D2-240 CPUs do not support binary math
functions, whereas the D2-250-1, D2-260, and D2-262 do.

ouT Special V-memory location assigned to slot 3 that contains the
V7663 number of channels to scan.
|
| This loads an octal value for the first V-memory location that will be
LDA used to store the output data. For example, the 02000 entered here
— 02000 would designate the following addresses:

Ch1 - V2000, Ch 2 - V2001.....Ch8 - V2007

The octal address (02000) is stored here. V7703 is assigned to slot

ouT 3 and acts as a pointer, which means the CPU will use the octal
—1 V7703 value in this location to determine exactly where to store the output
data.
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The following tables show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if the D2-230 (multiplexing) method is used, verify
that these addresses in the CPU are 0 (zero).

The table below applies to the D2-240, D2-250-1, D2-260 or the D2-262 CPU base.

CPU Base: Analog Output Module Slot-Dependent V-memory
Locations
2 3

Slot 0 1 4 5 6 7
No. of
Channels V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667

Storage Pointer| V7700 | V7701 | V7702 | V7703 | V7704 | V7705 | V7706 | V7707

The table below applies to the D2-250-1, D2-260 or the D2-262 CPU base 1.
Expansion Base D2-CM #1: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of
Channels V36000 | V36001 | V36002 | V36003 | V36004 | V36005 | V36006 | V36007

Storage Pointer| V36020 | V36021 | V36022 | V36023 | V36024 | V36025 | V36026 | V36027

The table below applies to the D2-250-1, D2-260 or the D2-262 CPU base 2.
Expansion Base D2-CM #2: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
. V36100 | V36101 | V36102 | V36103 | V36104 | V36105 | V36106 | V36107
Storage Pointer| V36120 | V36121 V36122 V36123 V36124 | V36125 V36126 V36127

The table below applies to the D2-260 and D2-262 CPU base 3.
Expansion Base D2-CM #3: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Channels V36200 | V36201 V36202 | V36203 | V36204 | V36205 | V36206 | V36207
Storage Pointer| V36220 | V36221 V36222 V36223 V36224 V36225 V36226 V36227

The table below applies to the D2-260 and D2-262 CPU base 4.
Expansion Base D2-CM #4: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
(o V36300 | V36301 | V36302 | V36303 | V36304 | V36305 | V36306 | V36307
Storage Pointer| V36320 | V36321 | V36322 | V36323 | V36324 | V36325 | V36326 | V36327
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- Chapter 11: F2-08DA-2, 8-Channel Analog Voltage Output

Writing Data Example (Multiplexing)
'The following example shows how to write the data to be sent to the output using the
multiplexing method. This can be used with all DL205 CPUs.

! C10 co

\ ouT
7_{ [ ) Restarts the update sequence.

Cc7

4{ | LD Updates channel 8.
[ V2007

BIN

ORD
K7000

C10

(@

LD
4{ | V2006 Updates channel 7.

BIN

ORD
K6000

c7
(D

4{ | LD Updates channel 6.
[ V2005

BIN

ORD
K5000

ce
(@

4{ } I\_/|:2)004 Updates channel 5.

BIN

ORD
K4000

C5
\ —(oun)

Continued
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Chapter 11: F2-08DA-2, 8-Channel Analog Voltage Output.

Writing Data Example (Multiplexing) continued

4{ } I\_/|:2)003 Updates channel 4.

BIN

ORD
K3000

C4

W

4{ } |\_/2002 Updates channel 3.

BIN

ORD
K2000

C3
— (@D

C1
—{ } I\_/[%OO‘I Updates channel 2.

BIN

ORD
K1000

c2
— )
Co

4{ } I\_/5)00() Updates channel 1.
SPO

BIN

ORD
KO

C1

—COU'D
SP1
ouT
AL B — V40501 Sends the data to the module. Our

example starts with V40501, but the
Y37 actual value depends on the location

of the module in your application.
| @) your ave
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- Chapter 11: F2-08DA-2, 8-Channel Analog Voltage Output

Write Data to One Channel

The following example can be used if only one channel is to be written to, or if the outputs
are to be controlled individually. Don’t forget to either embed the sign information or use the

sign output bit for bipolar ranges.
\

The LD instruction loads the data into the

SP1 LD accumulator. Since SP1 is used, this rung
4{ } V2000 automatically executes on every scan. You could
also use an X, C, etc. permissive contact.
BIN The BIN instruction converts the accumulator data
| to binary (you must omit this step if you have
already converted the data elsewhere).
ANDD The ANDD instruction masks off the channel select
1 KOFFF bits to prevent an accidental channel selection.
The OUT instruction sends the data to the module. Our
ouT example starts with V40501, but the actual value
—1 V40501 depends on the location of the module in your
application.
Y34
————(RST) Y34, Y35, Y36-OFF selects channel 1 for updating.
Y35
——(rsD
Y36
RST)
Y37
7CQU'D Y37 is the output enable bit.

Analog and Digital Value Conversions
It is sometimes useful to do quick conversions between the signal levels and the digital values.
This can be helpful during startup or troubleshooting. The following table shows some
formulas to help with the conversions.

If the analog signal level is

Range If the digital value is known P,
A=10D D= 4095 ()
0-10V 2095 10
A=S9D D= 4095 ()
Lt 4095 5
D =4095p)
For example, if a 0-10 V range is used, and a 6V signal 1
level is needed, use the formula to the right to determine D =4095 gy)
the digital value “D” to be stored in the V-memory location 1
which contains the data. D = (409.5) (6)
D =2457
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. Chapter 12: F2-02DAS-1, 4-20mA Isolated 2-Channel Analog Current Output

Module Specifications

The F2-02DAS-1 Analog Output module provides several
hardware features:

+ Analog outputs are isolated from channel to channel
and channel to PLC logic.

+ The module has a removable terminal block so the mod-
ule can be easily removed or changed without discon-
necting the wiring.

All channels can be updated in one scan if either a
DhZ—240, a D2-250-1, D2-260 or a D2-262 CPU is used in
the PLC.

+ Outputs are sourced through external loop supply.
+ Loop power supply requirements: 18-32 VDC

Firmware Requirements:

» To use this module, D2-230 CPUs must have firmware
version 1.7 or later.

« To use the pointer method for writing values, D2-240
CPUs require firmware version 2.9 or later.

« D2-250 CPUs require firmware version 1.30 or later.

12_2 I DL205 Analog I/0 Manual, 7th Edition, Rev. H
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Chapter 12: F2-02DAS-1, 4-20mA 2-Channel Analog Current Output

The following tables provide the specifications for the F2-02DAS -1, Isolated Analog
Output Module.

Output Specifications

Number of Channels 2, isolated (2 commons)
Output Range 4-20 mA
Resolution 16 bit (1 in 65536)
Output Type Current sourcing
Isolation Voltage +750V continuous, channel to channel, channel to logic
Loop Supply 18-32 VDC
Max Load Impedance 525Q
Linearity Error (end to end) +10 counts (+0.015% of full scale) maximum
Conversion Settling Time 3ms to 0.1% of full scale
Gain Calibration Error +32 counts (+0.05%)
Offset Calibration Error +13 counts (£0.02%)
Output Drift 50ppm/ °C
0, o, o
Maximum Inaccuracy ig%"ﬁ 0@—6205 % ((gj)‘m °F)

General Specifications

1 channel per scan maximum (multiplexing)
PLC Update Rate 2 channels per scan maximum (pointer —

D2-240/D2-250-1/D2-260 and D2-262 only)
Digital Outputs / 16 binary data bits, 2 channel ID bits;
Output Points Required 32 point (Y) output module
Power Budget Requirement 100mA @ 5VDC (supplied by the base)
External Power Supply 18-32 VDC, 50mA per channel, Class 2
Operating Temperature 0-60 °C (32-140 °F)
Storage Temperature -20°C to 70°C (-4°F to 158°F)
Relative Humidity 5-95% (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

Analog Output Configuration Requirements
The F2-02DAS-1 analog output module requires 32 discrete output points. The module can
be installed in any slot of a DL205 system, but the available power budget and discrete 1/0
points are the limiting factors. Check the DL205 PLC User Manual for the particular model
of CPU and I/O base being used for information regarding power budget and number of
local, local expansion or remote I/O points.
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. Chapter 12: F2-02DAS-1, 4-20mA Isolated 2-Channel Analog Current Output

Special Placement Requirements (D2-230 and Remote I/O Bases)
It is important to examine the configuration if a D2-230 CPU is being used in a
multiplexing program. As can be seen in the section on Writing the Control Program,
V-memory locations are used to hold the analog data that will written to the output. If the
module is placed in a slot so that the output points do not start on a V-memory boundary,
the program instructions aren’t able to access the data. This also applies when placing this
module in a remote base using a D2-RSSS in the CPU slot.

Correct! F2-02DAS-1
~

=

x0 | x201 Yo | Y20/ veo

x17| x27 | v17 | vs7| ver

1 1 1 1 — —

V40500 V40503

v40501 - v40502
MSB LSB LSB
\HHHHHHHH HHH\HHHHH
5 9 i 3 32 y
7 07 0 7 07 0

Data can be written correctly because the output points start on a V-memory boundary

address as seen in the table above.

Incorrect F2-02DAS-1

:
:
%
f\

‘ l1]

VYA
gooo
oooo

o

oo
ooo
gooo
gooo
gooo
gooo
gooo
gooo

]
x
[S)
x
N
o
<
N
o
<
w
o

il
il
1
il
1

Data is split over three locations, so instructions cannot access data from a D2-230 (or
when module is placed in a remote I/O base).

V40501

MSB V40503 V40502 MSB LSB
HHHHHHHHH\H\\HHHHHHHHHHHHHH
v Y Y Yy Y'Y

7 5 6 5 43 32 2
7 07 07 07 0

To use the V-memory references required for a D2-230 CPU, the first output address
assigned to the module must be one of the following Y locations. The table also shows the
V-memory addresses that correspond to these Y locations.

Y Y0 Y20 Y40 Y60 Y100 Y120 Y140 Y160
v V40500 | V40501 | V40502 | V40503 | V40504 | V40505 | V40506 | V40507
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Chapter 12: F2-02DAS-1, 4-20mA 2-Channel Analog Current Output

Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

+ Use the shortest wiring route whenever possible.

« Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

* Route the wiring through an approved cable housin% to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

Loop Power Supply Requirements
The F2-02DAS-1 module requires at least one field-side power supply. Separate power
sources should be used to maintain the channel to channel isolation. The F2-02DAS-1
module requires 18-32 VDC (at 50mA per channel) from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location
remote from the PLC. This will work as long as the transmitter supply meets the current
requirements, and the transmitter’s negative (-) side and the module supply’s negative (-)
side are connected together.

Exceeding the power budget can cause unpredictable system operation that can lead to a

: WARNING: If the internal 24VDC base power is used, be sure to calculate the power budget.
risk of personal injury or equipment damage.
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. Chapter 12: F2-02DAS-1, 4-20mA Isolated 2-Channel Analog Current Output

Wiring Diagram
The F2-02DAS-1 module has a removable connector which helps to simplify wiring.
Squeeze the top and bottom retaining clips and gently pull the connector from the
module. Use the following diagram to connect the field wiring.

M Internal module
| wiring
oVt
Transmitter| @ RV .
Supply 4-20mA current sourcing
+
18-32vbC @
-1
AN
ch1 %:) ( @F/ 1 <H
Max Load @P A DIA
See NC &/
525 ohms 100 ohms
See NOTE 1 NG ¢\
NOTE2 : pren )
02
. @ O
ch2 Bkl & 4-20mAcurent sourding + = @
e Lon L1280 —® Q
T ( = < ) &
NOTE2 @ m—<H w2
s See 100 chs N II
ee
NOTE 3 NOTE 1 Q/

NOTE 1: Shields should be connected to the 0V terminal of the module or OV of the power supply.
‘E NOTE 2: Loads must be within the compliance voltage.
NOTE 3: For non-isolated outputs, connect (0V1.& 0V2) together and connect (+V1.& +V2)
together

12_6 I DL205 Analog I/0 Manual, 7th Edition, Rev. H


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 12: F2-02DAS-1, 4-20mA 2-Channel Analog Current Output

Module Operation

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes the analog signals.

Channel Update Sequence (Multiplexing) for a D2-230 CPU
If a multiplexing program is being used, only one channel of data can be sent to the output
module on each scan. The module refreshes both field devices on each scan, but new data
can only be obtained from the CPU at the rate of one channel per scan. Since there are two
channels, it can take two scans to update both channels. However, if only one channel is
being used, that channel will be updated on every scan. The multiplexing method can also
be used for the D2-240, D2-250-1, D2-260 and D2-262 CPUs.

| B
i 0 G 0 W s B S | il i |
System Using
Scan Multiplex
Method
/ i (D2-230)
Read inputs ( \‘
¢ Scan N —> Channel 1

Execute Application Program

Calculate the data Scan N+1 —>| Channel 2
H
Scan N+2 —» Channel 1
Write data Scan N+3 ——>f Channel 2
H | >
Scan N+4 —>] Channel 1
17
Write to outputs -/

N
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. Chapter 12: F2-02DAS-1, 4-20mA Isolated 2-Channel Analog Current Output

Channel Update Sequence (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs
If either a D2-240, D2-250-1, D2-260 or D2-262 CPU is used with the pointer method, all
channels can be updated on every scan. This is because the three CPUs support special
V-memory locations that are used to manage the data transfer. This is discussed in more
detail in the section on Writing the Control Program later in this chapter.

|
S| BB {BE8R 88 %
o
i ]
5]
| | | i | o | _
System With
Scan D2-240, D2-250-1
D2-260 or D2-262 CPU
/ Using Pointer Method
Read inputs ( \
¢ Scan N —>» Channel 1, 2...8
Execute Application Program
Calculate the data Scan N+1 —> Channel 1, 2...8
_{
Scan N+2 —> Channel 1, 2...8
Write data ScanN+3 —> | Channel 1, 2..8
H >
7
Write to outputs J

N
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Chapter 12: F2-02DAS-1, 4-20mA 2-Channel Analog Current Output

Understanding the Output Assignments
Remember that the F2-02DAS-1 module appears to the CPU as a 32-point discrete output
module. These points provide the data value and an indication of which channel to update.
Note, if either a D2-240, D2-250-1, D2-260 or D2-262 CPU is being used, these bits may
never have to be used, but it may be an aid to help understand the data format.

Since all output points are automatically mapped into V-memory, the location of the data
word that will be assigned to the module can simply be determined.

F2-02DAS-1

ooo
ooo
ooo
oon
ooo
ooo
ooo
ooo
oooo
oooo

==1 =R ==1 ==

Slot0 | Slot1 Slot 2 Slot 3 Slot 4

&
:
:
:
;
;

O]

g 16pt 8pt 16pt 32pt 8pt
Input Input Output Output Output
|":|| X0 X20 YO Y20 | Y60
il - - - - - D
_l‘ X17 | X27 Y17 Y57 | Y67 D
V40500 | V40503
SB V40502 LSB  MSB V40501 LSB

llllllllllllllllllllllllllllllllll
Y
4
0

~N o<
~Nw <
on <

The individual bits in this data word location, represents specific information about the
analog signal.

Channel Select Outputs
Two of the outputs select the active channel. V40502
Remember, the V-memory bits are mapped
directly to discrete outputs. Turning a bit OFF | | | [TTTTTI T | | l

selects a channel. By controlling these outputs, Y
the channel to be updated is selected. 5 I 4
Y41 Y40 Channel 7 10
On Off 1 [ ] = channel select outputs

Off On 2
Off Off 1 & 2 (same data
to both channels)
On On None (both channels
hold current values)
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. Chapter 12: F2-02DAS-1, 4-20mA Isolated 2-Channel Analog Current Output

Analog Data Bits

The first sixteen bits represent the analog V40501

data in binary format. MSB LSB
Bit Value  Bit  Value ITT I T T I T T TIT]
0 1 8 256 ;1;;189876543210
1 2 9 512

2 4 10 1024 .

3 8 1 2048 [ = data bits

4 16 12 4096

5 32 13 8192

6 64 14 16384

7 128 15 32768

Module Resolution
Since the module has 16-bit resolution, the analog signal is converted into 65536 counts
ranging from 0-65535 (216). For example, send a 0 to get a 4mA signal, and 65535 to get
a 20mA signal. This is equivalent to a binary value of 0000 0000 0000 0000 to 1111 1111
1111 1111, or 0000 to FFFF hexadecimal. The diagram below shows how this relates to the
signal range.

4 - 20mA Resolution = H-L

65535
20mA

\ H = High limit of the signal range
4mA \ L = Low limit of the signal range

0 65535 16mA / 65535 = 0.2241 pA per count

Each count can also be expressed in terms of the signal level by using the equation shown.
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Chapter 12: F2-02DAS-1, 4-20mA 2-Channel Analog Current Output

Writing the Control Program
Calculating the Digital Value

The control program must calculate the digital value A= 65535
that is sent to the analog output. Several methods can H-L
be used to do this, but the best method is to convert
the values to engineering units. This is accomplished by
using the formula shown. A = Analog Value (0 - 65535)

Adjustments may need to be made to the formula U = Engineering Units

depending on the scale of the engineering units. H = High limit of the engineering

unitrange

L = Low limit of the engineering
unitrange

Consider the following example which controls pressure from 0.0-99.9 PSI. Using the
formula will calculate the digital value to be sent to the analog output. The example shows
the conversion required to yield 49.4 PSI. The multiplier of 10 is because the decimal
portion of 49.4 cannot be loaded in the program, so it is shifted right one decimal place to
make a usable value of 494.

A=10U 65535 A =494 65535 A =32374
10 H-L) 1000 -0

Refer to the example on the next page to write the conversion program.
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. Chapter 12: F2-02DAS-1, 4-20mA Isolated 2-Channel Analog Current Output

Engineering Units Conversion
This example program shows how to write the program to perform the engineering unit
conversion to output data formats 0-65535 when using a D2-250-1 CPU. This example
assumes that a BCD value has been stored in V2300 for channel 1.

| SP1 The LD instruction loads the engineering units used with channel 1 into
I LD the accumulator. This example assumes the numbers are BCD. Since
4{ [ V2300 SP1 is used, this rung automatically executes on every scan. An X, C, etc.
could also be used as a permissive contact.
BIN Convert BCD number to binary number.
BTOR Convert binary number to real number.
MULR Multiply the accumumlator by 65535 to start the conversion.
R65535
DIVR Divide the accumulator by 1000 (1000 = 100.0%).
1 R1000
RTOB Convert the result to binary.
BCD Convert the result to BCD.
OuUTD Store the BCD double word result in V2000 / V2001.
—1 V2000
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Chapter 12: F2-02DAS-1, 4-20mA 2-Channel Analog Current Output

Writing Values: Pointer Method and Multiplexing

Two methods are used to read data values:
e Pointer method
*  Multiplexing

The multiplexing method must be used with a D2-230 CPU. The multiplexing method
must also be used with remote I/O modules (the pointer method will not work). Either
method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, but for ease of
programming it is highly recommended to use the pointer method.

Pointer Method for D2-240, D2-250-1, D2-260 and D2-262 CPUs

The D2-240, D2-250-1, D2-260 and D2-262 CPUs have special V-memory locations
assigned to each base slot that will greatly simplify the programming requirements.

These V-memory locations allow you to:
« Specify the data format
« Specify the number of channels to scan
« Specify the location of the data that will be written to the module

NOTE: D2-240 CPUs with firmware release version 3.0 or later and. D2-250 CPUs with firmware release version 1.33
or later support this method.

The following example program shows how to setup these locations. Place this rung
anywhere in the ladder program, or in the initial stage if stage programming instructions
are being used. In this example V2000 and V2002 are used to store the calculated values,
the analog module is installed in slot 3. Be sure to use the V-memory locations for the
module placement. The pointer method automatically converts values to binary.

I spo .

| r
— | LD -or- | LD |
K2 LKz |

Loads a constant that specifies the number of channels to scan and
the data format. The lower byte, most significant nibble (MSN)
selects the data format (i.e. 0=BCD, 8=Binary), the LSN selects the
number of channels (1 or 2).

The binary format is used for displaying data on some operator
interfaces. The D2-230/ D2-240 CPUs do not support binary math
functions, whereas the D2-250-1, D2-260, and D2-262 do.

ouT Special V-memory location assigned to slot 3 that contains the
V7663 number of channels to scan.
This loads an octal value for the first V-memory location that will be
LDA used to store the output data. For example, the 02000 entered here
—— 02000 would designate the following addresses.
Ch1 - V2000, Ch2 - V2002
The octal address (02000) is stored here. V7703 is assigned to slot
ouT 3 and acts as a pointer, which means the CPU will use the octal
—— V7703 value in this location to determine exactly where to store the output
data.
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. Chapter 12: F2-02DAS-1, 4-20mA Isolated 2-Channel Analog Current Output

The following tables show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if the D2-230 (multiplexing) method is used, verify
that these addresses in the CPU are 0 (zero).

The table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.

CPU Base: Analog Output Module Slot-Dependent V-memory
Locations
2 3

No. of
Channels V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | /7667

Storage Pointer| 7700 | V7701 | V7702 | V7703 | V7704 | V7705 | V7706 | V7707

The table below applies to the D2-250-1, D2-260 or a D2-262 CPU base 1.

Expansion Base D2-CM #1: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Channels V36000 | V36001 | V36002 | V36003 | V36004 | V36005 | V36006 | V36007
Storage Pointer| V36020 V36021 V36022 V36023 V36024 V36025 V36026 V36027

The table below applies to the D2-250-1, D2-260 or a D2-262 CPU base 2.
Expansion Base D2-CM #2: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of
Channels V36100 | V36101 V36102 | V36103 | V36104 | V36105 | V36106 | V36107

Storage Pointer| V36120 | V36121 | V36122 | V36123 | V36124 | V36125 | V36126 | V36127

The table below applies to the D2-260 and D2-262 CPU base 3.
Expansion Base D2-CM #3: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
[No. of Channels V36200 | V36201 | V36202 | V36203 | V36204 | V36205 | V36206 | V36207
[storage pointer V36220 | V36221 | V36222 | V36223 | V36224 | V36225 | V36226 | V36227

The table below applies to the D2-260 and D2-262 CPU base 4.
Expansion Base D2-CM #4: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
N V36300 | V36301 | V36302 | V36303 | V36304 | V36305 | V36306 | V36307
Storage Pointer| V36320 | V36321 | V36322 | V36323 | V36324 | V36325 | V36326 | V36327
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Write Data Example (Multiplexing)

Since all channels are multiplexed into a single data word, the control program can be
setup to determine which channel to write the data to. Since the module appears as Y
output points to the CPU, it is simple to use the channel selection outputs to determine
which channel to update.

Note, this example is for a module installed in slot 3, as shown in the previous examples.
The addresses used would be different if the module was used in a different slot. These
rungs can be placed anywhere in the program or if stage programming is being used, place
them in a stage that is always active.

This example is a two-channel multiplexer that updates each channel on alternate scans.
Relay SP7 is a special relay that is on for one scan, then off for one scan. This multiplexing
example can be used with all of the DL205 CPUs.

NOTE: Binary data must be sent to the output module. If the data is already in binary format,do not use the BIN
instruction shown in this example.

| Load data into the accumulator.

| sp7 LDD Loads the data for channel 1 into the accumulator.
— V2000 Note: Use LD if using binary, and use LDD if using BCD.
SP7 )
| LDD Loads the data for channel 2 into the accumulator.
4{/[ V2002 Note: Use LD if using binary, and use LDD if using BCD.

Send data to V-memory assigned to the module.

SP1 BIN Convert the data to binary (you must omit this
4{ F step if you have converted the data elsewhere).
SP1 is always on.

ouT The OUT instruction sends the data to the
V40501 module. Our example starts with V40501, but the
actual value depends on the location of the
module in your application.

Select the channel to update.

SP7 Y40 Selects channel 2 for update when Y41 is OFF
4{/\ OU-D (Y40-ON deselects channel 1). Note, Y40 and Y41
[ o are used as in the previous examples. If the module

was installed in a different I/O arrangement the
addresses would be different.

SP7 Y41 Selects channel 1 for update when Y41 is OFF
| (Y41-ON deselects channel 2). Note, Y40 and
H [ \OUD Y41 are used as in the previous examples. If the

module was installed in a different I/O arrangement
the addresses would be different.
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Write Data to One Channel

If only one channel is being used, or if the updates are to be controlled separately, the
following program can be used.

| The LD instruction loads the data into the
accumulator. Since SP1 is used, this rung
SP1 automatically executes on every scan. X, C, efc.
4{ | I\-/B(IJDOO can also be used as pemmissive contacts.
! Note: Use LD if using binary, and use LDD if using BCD.

The BIN instruction converts the accumulator data
BIN ! O )
— to binary (you must omit this step if you have
already converted the data elsewhere).

ouT The OUT instruction sends the data to the module. Our
—— V40501 example starts with V40501, but the actual value
depends on the location of the module in your

Y40 application.

————(RST)  Y40-OFF selects channel 1 for updating.

Y41

4<OU'D Y41-ON deselects channel 2 (do not update).

Write the same Data to Both Channels

If both channel select outputs are off, then both channels will be updated with the same

data.
! The LD instruction loads the data into the
‘ accumulator. Since SP1 is used, this rung
SP1 automatically executes on every scan. The
4{ I \L/B(?OO X, C, etc. can also be used as permissive contacts.
[

Note: Use LD if using binary, and use LDD if using BCD.

BIN The BIN instruction converts the accumulator data
— to binary (you must omit this step if you have
already converted the data elsewhere).

ouT The OUT instruction sends the data to the module. Our
V40501 example starts with V40501, but the actual value
depends on the location of the module in your
application.
Y40 PP
HRSD Y40-OFF selects channel 1 for updating.
Y41

HRSD Y41-OFF selects channel 2 for updating.
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Analog and Digital Value Conversions
It is sometimes useful to do quick conversions between the signal levels and the digital
values. This can be helpful during startup and/or troubleshooting. The following table
shows some formulas to help with the conversions.

If the analog signal level is

Ran If the digital value is known
ange e digital value is kno il
A=16D+4 D= 65535 a_4

4-20 mA a5535 " (A-4)
For example, if a 10mA signal level is needed, use the D = 65535 (A-4)
formula to the right to determine the digital value “D" to 16
be stored in the V-memory location which is designated to D = 65535 (10mA-4)
store the data. 16

D =(4095.94) (6)

D = 24575 (5FFFh)
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- Chapter 13: F2-02DAS-2, 0-5V, 0-10V, 2-Channel Isolated Analog Output

Module Specifications
The F2-02DAS-2 Analog Output module provides several hardware features:

 Analog outputs are isolated from channel to channel
and channel to PLC logic.

+ The module has a removable terminal block so the mod-
ule can be easily removed or changed without discon-
necting the wiring.

« All channels can be updated in one scan if either a
D2—hZ40, %D2—250—1, a D2-260 or a D2-262 CPU is used
in the PLC.

« Outputs are sourced through external loop supply.

Firmware Requirements:

» To use this module, D2-230 CPUs must have firmware
version 2.7 or later.

« To use the pointer method for writing values, D2-240
CPUs require firmware version 3.0 or later.

» D2-250 CPUs require firmware version 1.33 or later.

O
€®
1)
w &
@ &
[

F2-02DAS-2
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The following tables provide the specifications for the F2-02DAS -2, Isolated Analog
Output Module.

Output Specifications

Number of Channels 2, isolated
Output Range 0-5VDC, 0-10 VDC
Resolution 16 bit (1 in 65536)
Isolation Voltage +750V continuous, channel to channel, channel to logic
Load Impedance 2kQ minimum
Linearity Error (end to end) +10 counts (£0.015% of full scale) maximum
Conversion Settling Time 3ms to 0.1% of full scale
Full Scale Calibration Error +32 counts (+0.05%)
Offset Calibration Error +13 counts (+0.02%)
+0.07% @ 25°C (77°F)

Maximum Inaccuracy +018% 0-60°C (32-140°F)

General Specifications

1 channel per scan maximum (multiplexing)

PLC Update Rate 2 channels per scan maximum (pointer —
D2-240/D2-250-1/D2-260/ D2-262 CPUs)

Digital Outputs / 16 binary data bits, 2 channel ID bits;

Output Points Required 32 point (Y) output module

Power Budget Requirement 60mA @ 5VDC (supplied by the base)

External Power Supply 21.6-26.4 VDC @ 60mA

Operating Temperature 0-60°C (32-140°F)

Storage Temperature -20°Ct0 70°C (-4°F to 158°F)

Relative Humidity 5-95% (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

Analog Output Configuration Requirements
The F2-02DAS-2 analog output module requires 32 discrete output points. The module can
be installed in any slot of a DL205 system, but the available power budget and discrete 1/0
points are the limiting factors. Check the DL205 PLC User Manual for the particular model
of CPU and I/O base being used for information regarding power budget and number of
local, local expansion or remote 1/0 points.
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Special Placement Requirements (D2-230 and Remote 1/O Bases)
It is important to examine the configuration if a D2-230 CPU is being used in a multiplexing
program. As can be seen in the section on Writing the Control Program, V-memory
locations are used to hold the analog data that will be written to the output. If the module
is placed in a slot so that the output points do not start on a V-memory boundary, the
program instructions will not be able to access the data. This also applies when placing this

module in a remote base using a D2-RSSS in the CPU slot.

F2-02DAS-2
Correct! 02DAS
)
B2 8 % %5 [
— | Slot0 Slot 1 Slot 2 Slot 3 Slot 4
— 16pt 8pt 16pt 32pt 8pt
: Input Input Output Output Output
X0 X20 YO Y20 | Y60
X171 X27 | Y17 Y57 | Y67
| 1 M M | 1
V40500 ‘ V40503
V40501 - V40502
MSB LSB LSB
IIIIIIIIIIIIIIIII lIIIIIIIIIIIIIIIl
5 5 4 4 3 3 2 2
7 07 0 7 07 0

Data can be written correctly because the output points start on a V-memory boundary
address as seen in the table above.

To use the V-memory references required for a D2-230 CPU, the first output address
assigned to the module must be one of the following Y locations. The table also shows the
V-memory addresses that correspond to these Y locations.

Incorrect F2-02DAS-2
~)

Y= oo ==
=1 oo oo oo
=R= == == =a

= EE =X =X
t 0 Slot 1 Slot 2 Slot 3 Slot 4

16pt 8pt 16pt 8pt 32pt
Input Output Output Output

X20 \“K Y20 | Y30
x17| xo7 | y17 M Y67

— | 0 N
Data is split over three locations, so instructions cannot access data from a D2-230 (or

when module is placed in a remote base).

:
:

‘ 0
K7™
ooo

wﬂﬂ

[
5

il
il

MSB V40503 LSB MSB V40502 LSB V40501

HlllllllllllllllllIllllllllllllllllllllllllllllll\
v Y Y Y Y v Y Y Y
7 6 6 5 43 32 2
7 7 0 7 07 07 0

Y0 Y20 Y40 Y60 Y100 Y120 Y140 Y160
V V40500 | V40501 | V40502 | V40503 | V40504 | V40505 | V40506 | V40507
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Setting the Module Jumpers

The F2-02DAS-2 Analog Output module uses jumpers for selecting the voltage range for
each channel. The range of each channel can be independently set. The available operating

ranges are 0-5V and 0-10V.

There is one jumper for each channel. Install or remove these jumpers to select the desired
range. Unused jumpers can be stored on a single pin so they will not get lost. The module
comes from the factory set for the 0-5V range.

not set for the desired voltage range.

NOTE: Be sure to set the range jumpers properly for the module will not function properly if the range jumpers are

The following diagrams show the jumper locations. The newer models have a single circuit
board design. Refer to the top diagram if one of these modules is used in your system.
The older modules have a two circuit board design. The range jumpers for this module is
located on the top circuit board. Refer to the lower diagram.

Single Circuit Board Design

Jumper
ON = 0-5V
OFF= 0-10V

Jumper
ON = 0-5V
OFF= 0-10V

CH1

J2

J4
CH2

Two Circuit Board Design

Jumper
ON = 0-5V
OFF= 0-10V

Jumper
ON = 0-5V

OFF= 0-10V

CH1

B

Top Board

CH2 g

Bottom Board
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Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

* Use the shortest wiring route whenever possible.

* Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

* Route the wirin% through an approved cable housing to minimize the risk of accidental

damage. Check local and national codes to choose the correct method for your applica-
tion.

Transmitter Power Supply Requirements
The F2-02DAS-2 module requires at least one field-side power supply. Separate power
sources should be used to maintain the channel to channel isolation. The F2-02DAS-2
module requires 21.6-26.4 VDC (at 60mA per channel) from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location
remote from the PLC. This will work as long as the transmitter supply meets the current
requirements, and the transmitter’s negative (-) side and the module supply’s negative (-)
side are connected together.

Exceeding the power budget can cause unpredictable system operation that can lead to a

: WARNING: If the internal 24VDC base power is used, be sure to calculate the power budget.
risk of personal injury or equipment damage.

13_6 I DL205 Analog I/O Manual, 7th Edition, Rev. H


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 13: F2-02DAS-2, 0-5V, 0-10V, 2-Channel Isolated Analog_g Output -

Wiring Diagram
The F2-02DAS-2 module has a removable connector which helps to simplify wiring.

Squeeze the top and bottom retaining clips and gently pull the connector from the module.
Use the following diagram to connect the field wiring.

NOTE 1: Shields should be connected to the OV terminal of the module. - 7| — 7| 77777
NOTE 2: Loads must be within the compliance voltage. 1 l\Toedrzli
NOTE 3: For non-isolated outputs, connect 0V1 to 0V2. Wiring
ovt
Transmitter| @ RV
St & - -
CH1-V F2-02DAS-2
Ch1 load ¢ <t
2KQ a ( CH:CV D/A
NOTE 2 See 1\ 00

NOTE 1
Voltage Source

Pz Bz @

<
@y &

Tr;nsmlinerl -
£F0bel: 1
Ch 2 load a ( Ho+ <|
2KQ 70 " DIA
NOTE 2 0/ 10'0“0{%

Voltage Source

©px

<

o
1
&
@ &
HIJ
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Module Operation

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes the analog signals.

Channel Update Sequence (Multiplexing) for a D2-230 CPU

If a multiplexing program is being used, only one channel of data can be sent to the output
module on each scan. The module refreshes both field devices on each scan, but new data
can only be obtained from the CPU at the rate of one channel per scan. Since there are two
channels, it can take two scans to update both channels. However, if only one channel is
being used, that channel will be updated on every scan. The multiplexing method can also
be used for the D2-240, D2-250-1, D2-260 and D2-262 CPUs.

|G
oloiloiloioino)
System Using
Scan Multiplex
Method
/ J (D2-230)
Read inputs ( \‘
¢ ScanN —> Channel 1

Execute Application Program

Calculate the data Scan N+1 ——>| Channel 2
H
Scan N+2 —» Channel 1
Write data Scan N+3 —>| Channel 2
H | >
Scan N+4 —>| Channel 1
17
Write to outputs -/

.
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Channel Update Sequence (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs
If either a D2-240, D2-250-1, D2-260 or a D2-262 CPU is used with the pointer method,
all channels can be updated on every scan. This is because the three CPUs support special
V-memory locations that are used to manage the data transfer. This is discussed in more
detail in the section on Writing the Control Program later in this chapter.

i

u] mﬂl‘f‘ﬁ“l"

System With
Sean / D2-240, D2-250-1
D2-260 or D2-262
e N CPU
Read inputs ( \
¢ Scan N —> Channel 1, 2

Execute Application Program
Calculate the data

Scan N+1 —> Channel 1, 2
H
Scan N+2 —>» Channel 1, 2
Write data Scan N+3 —> Channel 1, 2
mi D)
Scan N+4 —> Channel 1, 2
v
Write to outputs /

. J

Understanding the Output Assignments
Remember that the F2-02DAS-2 module appears to the CPU as a 32-point discrete output
module. These points provide the data value and an indication of which channel to update.
Note, if either a D2-240, D2-250, D2-260 or D2-262 CPU is being used, these bits may
never have to be used, but it may be an aid to help understand the data format.

Since all output points are automatically mapped into V-memory, the location of the data
word that will be assigned to the module can simply be determined.

DL205 Analog I/O Manual, 7th Edition, Rev. H I 13_9
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F2-02DAS-2
HITE TS 5]
Slot 1 Slot 2 Slot 3 Slot 4
8pt 16pt 32pt 8pt
Input Output Output Output
X20 YO0 Y20 | Y60
X27 | Y17 Y57 | Y67
V40500 | V40503
MSB V40502 LSB MSB V40501 LSB
llllllllllllllllllllllllllllllllll
Y Y Y
5 4 3 2
7 0o 7 0

The individual bits in this data word location, represents specific information about the
analog signal.

Channel Select Outputs

Two of the outputs select the active channel.

Remember, the V-memory bits are mapped

directly to discrete outputs. Turning a bit OFF

selects a channel. By controlling these outputs,
the channel to be updated can be selected.

Y41

On
Off
Off

On

Y40 Channel

Off 1

On 2

Off 1 & 2 (same data

On

to both channels)
None (both channels
hold current values)

Analog Data Bits
The first sixteen bits represent the analog data
in binary format.

Bit

1
2
3
4
5
6
7

Value

[ e o B SN SR

1
32
64
128

Bit

8

9
10
11
12
13
14
15

Value

256
512
1024
2048
4096
8192
16384
32768
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Module Resolution

Since the module has 16-bit resolution,
the analog signal is converted into
65536 counts ranging from 0-65535
(216). For example, send a 0 to get

a 0V signal, and 65535 to get a 10V
signal. This is equivalent to a binary
value of 0000 0000 0000 0000 to
11111111 1111 1111, or 0000 to FFFF
hexadecimal. The diagram shows how
this relates to the signal range.

Each count can also be expressed in
terms of the signal level by using the
equation shown.

0-5V or 0-10V
5or 10V

0 65535
Resolution = H-L
65535

H = High limit of the signal range
L = Low limit of the signal range

DL205 Analog 1/0 Manual, 7th Edition, Rev. H I 13-11


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

- Chapter 13: F2-02DAS-2, 0-5V, 0-10V, 2-Channel Isolated Analog Output

Writing the Control Program
Calculating the Digital Value

The control program must calculate the digital value
that is sent to the analog output. Several methods can A=y 65535
be used to do this, but the best method is to convert H-L
the values to engineering units. This is accomplished by
using the formula shown.

Adjustments may need to be made to the formula
depending on the scale of the engineering units.

A= Analog Value (0-65535)

U = Engineering Units

H = High limit of the engineering
unitrange

L = Low limit of the engineering
unitrange

Consider the following example which controls pressure from 0.0-99.9 PSI. Using the
formula will calculate the digital value to be sent to the analog output. The example shows
the conversion required to yield 49.4 PSI. The multiplier of 10 is because the decimal
portion of 49.4 cannot be loaded in the program, so it is shifted right one decimal place to
make a usable value of 494.

A=10U 65535 A =494 65535 A =32374
10 (H-L) 1000-0

Refer to the example on the next page to write the conversion program.
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Engineering Units Conversion
This example program shows how to write the program to perform the engineering unit
conversion to output data formats 0-65535 when using a D2-250 CPU. This example
assumes that a BCD value has been stored in V2300 for channel 1.

LD
V2300

BIN

BTOR

MULR
R65535

DIVR
R1000

RTOB

BCD

OouTD
V2000

The LD instruction loads the engineering units used with channel 1 into
the accumulator. This example assumes the numbers are BCD. Since
SP1 is used, this rung automatically executes on every scan. An X, C, etc.
could also be used as a permissive contact.

Convert BCD number to binary number.

Convert binary number to real number.

Multiply the accumumlator by 65535 to start the conversion.
Divide the accumulator by 1000 (1000 = 100.0%).

Convert the result to binary.

Convert the result to BCD.

Store the BCD double word result in V2000 / V2001.
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Writing Values: Pointer Method and Multiplexing
There are two methods of reading values:
+ Pointer method
» Multiplexing
The multiplexing method must be used with a D2-230 CPU. The multiplexing method
must also be used with remote I/O modules (the pointer method will not work). Either

method can be used with the D2-240, D2-250-1, D2-260 and D2-262 CPUs, but for ease of
programming it is highly recommended to use the pointer method.

Pointer Method for the D2-240, D2-250-1, D2-260 and D2-262 CPUs
The D2-240, D2-250-1, D2-260 and D2-262 CPUs have special V-memory locations
assigned to each base slot that will greatly simplify the programming requirements.

These V-memory locations allow you to:
« Specify the data format
« Specify the number of channels to scan
- Specify the location of the data that will be written to the modules.

‘ — NOTE: D2-240 CPUs with firmware release version 3.0 or later and. D2-250 CPUs with firmware release version 1.33
or later support this method.

The following example program shows how to setup these locations. Place this rung
anywhere in the ladder program, or in the initial stage if stage programming instructions
are being used. In this example V2000 and V2002 are used to store the calculated values,
the analog module is installed in slot 3. Be sure to use the V-memory locations for the
module placement. The pointer method automatically converts values to binary.

| /7
— | LD -or- | LD |
K2 LK82_ |

Loads a constant that specifies the number of channels to scan and
the data format. The lower byte, most significant nibble (MSN)
selects the data format (i.e. 0=BCD, 8=Binary), the LSN selects the
number of channels (1 or 2).

The binary format is used for displaying data on some operator
interfaces. The D2-230/D2-240 CPUs do not support binary math
functions, whereas the D2-250 does.

Special V-memory location assigned to slot 3 that contains the

ouT number of channels to scan.

— V7663

This loads an octal value for the first V-memory location that will be
LDA used to store the output data. For example, the 02000 entered here
— 02000 would designate the following addresses.

Ch1 - V2000, Ch2 - V2002

The octal address (02000) is stored here. V7703 is assigned to slot
ouT 3 and acts as a pointer, which means the CPU will use the octal
—— V7703 value in this location to determine exactly where to store the output
data.
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The following tables show the special V-memory locations used by the D2-240, D2-250-1
and D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot O (zero)
is the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if the D2-230 (multiplexing) method is used, verify
that these addresses in the CPU are 0 (zero).

The table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.
CPU Base: Analog Output Module Slot-Dependent V-memory
L :

Slot 0 1 2 3 4 5 6 7
|No. of Channels V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667
|Storage Pointer V7700 | V7701 | V7702 | V7703 | V7704 | V7705 | V7706 | V7707

The table below applies to the D2-250-1, D2-260 or D2-262 CPU base 1.

Expansion Base D2-CM #1: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Channels V36000 V36001 V36002 V36003 V36004 V36005 V36006 V36007
Storage Pointer| V36020 V36021 V36022 V36023 V36024 V36025 V36026 V36027

The table below applies to the D2-250-1, D2-260 or D2-262 CPU base 2.

Expansion Base D2-CM #2: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3
No. of
Channels
Storage Pointer| V36120 V36121 V36122 V36123 V36124 V36125 V36126 V36127

4 5 6 7
V36100 | V36101 | V36102 | V36103 | V36104 | V36105 | V36106 | V36107

The table below applies to the D2-260 and D2-262 CPU base 3.

Expansion Base D2-CM #3: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Channels V36200 V36201 V36202 V36203 V36204 V36205 V36206 V36207
Storage Pointer| V36220 V36221 V36222 V36223 V36224 V36225 V36226 V36227

The table below applies to the D2-260 and D2-262 CPU base 4.

Expansion Base D2-CM #4: Analog Output Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Channels V36300 V36301 V36302 V36303 V36304 V36305 V36306 V36307
Storage Pointer| V36320 V36321 V36322 V36323 V36324 V36325 V36326 V36327
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Write Data Example (Multiplexing)
Since all channels are multiplexed into a single data word, the control program can be
setup to determine which channel to write the data to. Since the module appears as Y
output points to the CPU, it is simple to use the channel selection outputs to determine
which channel to update.

Note, this example is for a module installed in slot 3, as shown in the previous examples.
The addresses used would be different if the module was used in a different slot. These
rungs can be placed anywhere in the program or if stage programming is being used, place
them in a stage that is always active.

This example is a two-channel multiplexer that updates each channel on alternate scans.
Relay SP7 is a special relay that is on for one scan, then off for one scan. This multiplexing
example can be used with all of the DL205 CPUs.

‘E NOTE: Binary data must be sent to the output module. If the data is already in binary format,do not use the BIN
instruction shown in this example.

| Load data into the accumulator.

| sP7 LDD Loads the data for channel 1 into the accumulator.
— | V2000 Note: Use LD if using binary, and use LDD if using BCD.
SP7 )
| LDD Loads the data for channel 2 into the accumulator.
4{/[ V2002 Note: Use LD if using binary, and use LDD if using BCD.

Send data to V-memory assigned to the module.

SP1 BIN Convert the data to binary (you must omit this
4 F step if you have converted the data elsewhere).
SP1 is always on.

ouT The OUT instruction sends the data to the

V40501 module. Our example starts with V40501, but the
L | actual value depends on the location of the
module in your application.

Select the channel to update.

SP7 Y40 Selects channel 2 for update when Y41 is OFF
#/I OU-D (Y40-ON deselects channel 1). Note, Y40 and Y41
[ S are used as in the previous examples. If the module

was installed in a different I/O arrangement the
addresses would be different.

SP7 Y41 Selects channel 1 for update when Y41 is OFF
| (Y41-ON deselects channel 2). Note, Y40 and
H [ LOU-D Y41 are used as in the previous examples. If the

module was installed in a different /O arrangement
the addresses would be different.
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Write Data to One Channel

If only one channel is being used, or if the updates are to be controlled separately, the

following program can be used.

LDD
V2000

BIN

ouT
— V40501

Y40
- (rsD

Y41

L CouD

The LD instruction loads the data into the
accumulator. Since SP1 is used, this rung
automatically executes on every scan. X, C, etc.
can also be used as permissive contacts.

Note: Use LD if using binary, and use LDD if using BCD.
The BIN instruction converts the accumulator data

to binary (you must omit this step if you have
already converted the data elsewhere).

The OUT instruction sends the data to the module. Our
example starts with V40501, but the actual value
depends on the location of the module in your
application.

Y40-OFF selects channel 1 for updating.

Y41-ON deselects channel 2 (do not update).

Write the same Data to Both Channels
If both channel select outputs are off, then both channels will be updated with the same

data.

SP1 —
— | V2000
HE
ouT
| V40501
Y40
—&sD
Y41
— (s

The LD instruction loads the data into the
accumulator. Since SP1 is used, this rung
automatically executes on every scan. The

X, C, etc. can also be used as permissive contacts.

Note: Use LD if using binary, and use LDD if using BCD.
The BIN instruction converts the accumulator data

to binary (you must omit this step if you have
already converted the data elsewhere).

The OUT instruction sends the data to the module. Our
example starts with V40501, but the actual value

depends on the location of the module in your
application.

Y40-OFF selects channel 1 for updating.

Y41-OFF selects channel 2 for updating.

MMMMI 13-17


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

- Chapter 13: F2-02DAS-2, 0-5V, 0-10V, 2-Channel Isolated Analog Output

Analog and Digital Value Conversions
It is sometimes useful to do quick conversions between the signal levels and the digital
values. This can be helpful during startup and/or troubleshooting. The following table
shows some formulas to help with the conversions.

If the analog signal level is

Ran If the digital value is known
ange e digital value is kno P
A=_5D D = 65535 5
e 65535 5
A=_10D D= 65535 A
T 65535 10
. . . = 65535
For example, if a 4V signal is needed, use the formula to D= 5 A
the right to determine the digital value to be stored in the
V-memory location which is designated to store the data. D = 65535 (4)

D=(13107) (4)

D = 52428 (CCCCy)
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Module Specifications

The F2-4AD2DA analog current input/output module
provides several hardware features:

+ On-board 250 ohm, 1/2 watt precision resistors provide
substantial over-current-protection for 4-20 mA current

loops. F2-4AD2DA

« Analog inputs and outputs are optically isolated from the
PLC logic.

+ The module has a removable terminal block so the
module can be easily removed or changed without dis-
connecting the wiring.

All input and output channels can be updated in one
scan If either a D2-240, a D2-250-1, a D2-260 or a
D2-262 CPU is used in the PLC.

+ On-board active analog filtering and RISC-like microcon-
troller provide digital signal processing to maintain preci-
sion analog measurements in noisy environments.

» Low-power CMOS design requires less than 80mA from
an external 24VDC power supply. AN

y
©
m
1
m

The following tables provide the specifications for the
F2-4AD2DA analog current input/output module. Review F2-4AD2DA
these specifications to make sure the module meets your application requirements.

Input Specifications

Number of Input Channels 4, single ended (one common)
Range 4-20 mA
Resolution 12 bit (1 in 4096)
Input Impedance 250Q), +0.1%, 1/2 W, 25ppm / °C current input resistance
Maximum Continuous Overload +40mA, each current input
Input Stability +1 count
Crosstalk -70dB, 1 count maximum
Common Mode Rejection -50dB @ 800Hz
Active Low-Pass Filter -3dB @ 50Hz, 2 poles (-12dB per octave)
Step Response 10ms to 95%
Full Scale Calibration Error +12 counts maximum, @ 20mA current input
Offset Calibration Error 48 counts maximum, @ 4mA current input
Maximum Inaccuracy *03% @25°C (77°F)

+0.45% @ 0-60°C (32-140°F)
Recommended External Fuse 0.032 A, series 217 fast-acting, current inputs

14_2 I DL205 Analog I/0 Manual, 7th Edition, Rev. H


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 14: F2-4AD2DA 4-Ch. In / 2-Ch. Out Analog Combination

Output Specifications

Number of Output Channels 2, single ended (one common)
Range 4-20 mA
Resolution 12 bit (1 in 4096)
Peak Withstanding Voltage 75VDC, current outputs
External Load Resistance 0Q minimum, current outputs
Loop Supply Voltage Range 18-30 VDC, current outputs
Maximum Load / Power Supply 910Q) / 24V, 620Q / 18V, 1200Q) / 30V, current outputs
Linearity Error (best fit) +1 count ( 0.025% of full scale) maximum
Settling Time 100ps maximum (full scale change)
0 o o
Maximum Inaccuracy 28;"2 0@—6205(? ((3727_200,:)
Full Scale Calibration Error +5 counts @ 20mA current output
Output Calibration Error +3 counts @ 4mA current output

General Module Specifications

16 point (X) Inputs

16 point (Y) Outputs

4 input channels per scan maximum
(D2-240, D2-250-1, D2-260 and D2-262 CPU)

PLC Update Rate 2 output channels per scan maximum
(D2-240, D2-250-1, D2-260 and D2-262 CPU)

1 input and 1 output channels per scan maximum (D2-230 CPU)
Power Budget Requirement 60mA @ 5VDC (supplied by the base)

External Power Supply Requirement 24VDC (+10%), 80mA max. plus 20mA per loop output

+45 ppm / °C full scale calibration range
(including maximum offset change).

Digital Input and Output Points Required

Accuracy vs. Temperature

Operating Temperature 0-60°C (32-140°F)
Storage Temperature -20°C to 70°C (4°F to 158°F)
Relative Humidity 5-95% (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

Combination Analog Configuration Requirements
The F2-4AD2DA analog current input/output module requires 16 discrete input points
and 16 discrete output points. The module can be installed in any slot of a DL205 system,
except when the D2-230 CPU is used. The available power budget may also be a limiting
factors. Check the DL205 PLC User Manual for the particular model of CPU and 1/O base
being used for more information regarding power budget and number of local, local
expansion or remote 1/0O points.
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Special Placement Requirements (D2-230 and Remote I/O Bases)
It is important to examine the configuration if a D2-230 CPU is being used with a
multiplexing program. As can be seen in the section on Writing the Control Program,
V-memory locations are used to manage the analog data. If the module is placed in a slot
so that either the input or the output points do not start on a V-memory boundary, the
program instructions aren’'t able to access the data. This also applies when placing this
module in a remote base using a D2-RSSS in the CPU slot.

Correct! F2-4AD2DA
S T B o =T
a8 a8 = =28 =28 =2a

Slot 2 Slot 3 Slot 4

[ ®

8pt 8pt 16pt 16pt 8pt
Input Input Output In/ Out Output
i xo | x10 Yo | x20Yv20| Yéo
x7 | x17 | vi7 | x37vs7| va7 ;

e T Y O s T e D O

V40400 V40500 V40502
MSB V40501 LSE  MSB V40401 LSB
(LTI Iy I I rrrrIT]
Y Y X X
3 2 3 2
7 0 7 0

Data can be read and written correctly because the input and output points start on a
V-memory boundary address as seen in the table on the following page.

Incorrect
F2-4AD2DA
s e N R
= a8 a s =23 = =
B8 | 88 | EE | B8 4 EB

Slot 0 %\1\ Slot 2 Slot 3 Slot 4
8pt 8pt 8pt 16pt 16pt
Input Input Ouf] In/ Out Output

X0 X10 YO Y10| Y30
X7 X17 Y7 X37 Y27 \@47 ;
1 1 1 1 1
V40400 V40500 V40401
V40500 V40501

Output data is split over two locations, so V40501 V40502

instructions cannot write data from a D2-230.

MSB V40501 LSB MSB V40500 SB
(LTI LTI rrT]
Y Y'Y Y Y Y'Y Y
3 32 21 17 0
7 07 0 0
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To use the V-memory references required for a D2-230 CPU, the first input and output
addresses assigned to the module must be one of the following X and Y locations. The
table also shows the V-memory addresses that correspond to these locations.

X X0 X20 X40 X60 X100 X120 X140 X160
1’4 V40400 | V40401 | V40402 | V40403 | V40404 | V40405 | V40406 | V40407

Y Y0 Y20 Y40 Y60 Y100 Y120 Y140 Y160
14 V40500 | V40501 | V40502 | V40503 | V40504 | V40505 | V40506 | V40507

Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

+ Use the shortest wiring route whenever possible.

« Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

* Route the wiring through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

Loop Power Supply Requirements
The F2-4AD2DA module requires at least one field-side power supply. The same or
separate power sources can be used for the module supply and the current transmitter
supply. The F2-4AD2DA module requires 24VDC (at 80mA) and each current loop requires
20mA (a total of 120mA for six current loops), from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location
remote from the PLC. This will work as long as the transmitter supply meets the current
requirements, and the transmitter's minus (-) side and the module supply’s minus (-) side
are connected together.

Exceeding the power budget can cause unpredictable system operation that can lead to a

WARNING: If the internal 24VDC base power is used, be sure to calculate the power budget.
& risk of personal injury or equipment damage.
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The DL205 base has a switching type power supply. As a result of switching noise, +3-5
counts of instability may be noticed in the analog input data if the base power supply is
used. If this is unacceptable, try one of the following:

« Use a separate linear power supply.

« Connect the 24VDC common to the frame ground, which is the screw terminal marked
“G" on the base.

When using these methods, the input stability is rated at +1 count.

Current Loop Transmitter Impedance
Standard 4-20 mA transmitters and transducers can operate from a wide variety of power
supplies. Not all transmitters are alike and the manufacturers often specify a minimum loop
or load resistance that must be used with the transmitter.

The F2-4AD2DA provides 250 ohm resistance for each input channel. If the transmitter
being used requires a load resistance below 250 ohms, adjustments do not have to be
made. However, if the transmitter requires a load resistance higher than 250 ohms, add a
resistor in series with the module.

Consider the following example for a transmitter being operated from a 30VDC supply with
a recommended load resistance of 750 ohms. Since the module has a 250 ohm resistor,
add an additional resistor.

Example:
R= Tr=Mr R - resistor to add
R= 750 - 250 Tr - Transmitter total resistance requirement
R = 500 Mr - Module resistance (internal 250 ohms)
Two-wire Transmitter
+ - Module Channel 1
DC Supply -
INT+
+30V £ 250 ohms
IN-
oV Q

In the example, add a 500 ohm resistor
(R) in series with the module.
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Wiring Diagram
The F2-4AD2DA module has a removable connector to simplify wiring. Simply squeeze
the top and bottom retaining clips and gently pull the connector from the module. Use
the following diagram to connect the field wiring. The diagram shows separate module
and loop power supplies. If it is desired to use only one external supply, just combine the
supply’s positive (+) terminals into one node, and remove the loop supply.

NOTE 1: Shields should be connected at their respective signal source.

NOTE 2: Unused channels should remain open (no connections) for minimum power consumption.

NOTE 3: More than one external power supply can be used provided all the power supply commons are connected

together.

NOTE 4: A series 217, 0.032 A, fast-acting fuse is recommended for 4-20 mA current input loops.

NOTE 5: If the power supply common of an external power supply is not connected to OV on the module, then the
output of the external transmitter must be isolated. To avoid “ground loop” errors, recommended 4-20 mA transmitter
‘E types are:

a. For 2 or 3 wire: Isolation between input signal and power supply.
b. For 4 wire: Isolation between input signal, power supply, and 4-20 mA output.
NOTE 6: If an analog channel is connected backwards, then incorrect data values will be returned for that channel.
Input signals in the £4mA range return a zero value. Signals in the -4 to -40 mA range return a non-zero value.
NOTE 7: To avoid small errors due to terminal block losses, connect OV, IN-and OUT- on the terminal block as shown.
The module’s internal connection of these nodes is not sufficient to permit module performance up to the accuracy

specifications.
NOTE 8: Choose an output transducer resistance according to the maximum load / power supply listed in the Output
Specifications table.
Module Supply
See NOTE 1 24vDC r
l T = l Internal
Module
Wiring
- + N ]
CHI |- 0VDC -
4-wire 90—» +5V
e e 1 Y ‘
@ Jg—— 0V
[+ f N U 20_} 15y
CH2 | = ‘ é\‘f
3-wire U IN1+

|

4-20mA

+
Transmitter| AV,

g

%

2500

[
@

%

AtoD
2500 Converter|

- Fuse

CH3 N—]
2-wire \_E
4-20mA | + Fuse
Transmitter| \4’—@
CH4 = —
2-wire
A ﬁ‘
Transmitter|

Ch 1 load
0-910Q
(@ 24v)

N
Ch 2 load
0-910Q
(@ 24V) =
See NOTE 8 +| Loop Supply

L——>8ee NOTE 1 -

g

%

2500

2500

3

@ @8 Dz &
|

DtoA
Converter|

+

& @

Ch1
Current sinking

DtoA
Converter,|

EEEEE

Ch2
Current sinking F2-4AD2DA
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Module Operation

Before beginning to write the control program, it is important to take a few minutes to
understand how the module processes the analog signals.

Input Channel Scanning Sequence (Multiplexing) for a D2-230 CPU
The F2-4AD2DA module can supply different amounts of data per scan, depending on the
type of CPU being used. The D2-230 can obtain one channel of input data per CPU scan.
Since there are four channels, it can take up to four scans to get the data for all channels.
Once all channels have been scanned the process starts over with channel 1. Unused
channels are not processed, so if only two channels are selected, each channel will be
updated every other scan.

cdolololo

\3 Gy #

Scan
System With

Y D2-230 CPU
l Read Inputs F—w
Y

Execute Application Program

Read the data Scan N <—
% Scan N+1 <—|
Store data Scan N+2 <
Scan N+3 <—
\ 4 Scan N+4 <
l Write to Outputs l
-

Input Channel Scanning Sequence (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs
If a D2-240, a D2-250-1, a D2-2600r a D2-262 CPU is being used, the input data for all
four channels can be obtained in one scan. This is because the D2-240, D2-250-1, D2-260
and D2-262 CPUs supports special V-memory locations that are used to manage the data
transfer. This is discussed in more detail in the section on Writing the Control Program later
in this chapter.

H|
=]
Scan clolalalala
System With
/ Y — DL240, D2-250-1
DL260, D2-262
l Read Inputs F_w CpU
Y
Execute Application Program
Read the data Scan N <€—
Store data Scan N+2 <
Scan N+3 <—|
l Write to Outputs l
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Output Channel Update Sequence (Multiplexing) for a D2-230 CPU

If a D2-230 CPU is used, only one channel of data can be sent to the output module on
each scan. Since there are two channels, it can take two scans to update both channels.
However, if only one channel is being used, then that channel can be updated on every
scan.

e 1111

olo

o
h alolao
Scan / §
System With
/ ; DL230 CPU

’ Read inputs ‘
v SeanN —>
Execute Application Program
Calculate the data Scan N+1 —>]
Write data Scan N+3 —>
p———>
ScanN+4 —>|
Y
’ Write to outputs L_/

o

Output Channel Update Sequence (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs
If either a D2-240, D2-250-1, D2-260 or D2-262 CPU is used with the pointer method,
both channels can be updated on every scan. This is because these CPUs support special
V-memory locations that are used to manage the data transfer. This is discussed in more
detail in the section on Writing the Control Program later in this chapter.

HE
E =
&
System With
Sean / D2-240, D2-250-1
D2-260 or D2-262
CPU
‘ Read inputs ‘ ( \‘
! Seann ——
Execute Application Program
Calculate the data Scan N+1
Write data Scan N+3 —>
p—————>
¥
‘ Write to outputs J
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Understanding the 1/0 Assignments
Remember that the F2-4AD2DA requires 16 discrete input points and 16 discrete output
points. These points can be used to obtain:
« An indication of which channel is active,
« The digital representation of the analog signal and,
» Module diagnostic information.
If a D2-240, D2-250-1, D2-260 or D2-262 CPU is being used, these bits may never have to
be used, but it may be an aid to help understand the data format.

Since all I/O points are automatically mapped into V-memory, the location of the data
words that will be assigned to the module can simply be determined.

F2-4AD2DA
= ﬂEL: ot S e T e N e R s O
[=R=] I=R=1 I=R=1 I=8=1 == ==
o | =E EE
21 Siot0 | Slot1 | Slot2 | Slot3 | Slot4
9 o] 8pt 8pt 16pt 16pt 8pt
g O_ Input Input Output In/Out Output
® X0 X10 YO |x20 Y20| v40
@ = - - - - - -
@ X7 x17 Y17 |x37 v37| Y47 ;
1 1 1 [ [ 1
w\ V40502
MSB V40501 LSB MSB V40401 LSB
[TTITTTITIIIrrry [T
YY Y XXXX X
Not Used 3 3 Output Data Bits 2 3333 Input Data Bits 2
54 0 7654 0

The individual bits in this data word location represent specific information about the
analog signal.

Input Data Bits

The first twelve bits of the input word represent the analog data in binary format.

Bit Value Bit Value
0 1 6 64 V40401
LSB
1 2 7 128 HHIIIIIIIIIIIII
2 4 8 256 11111987654321
543210
3 8 9 512
4 16 10 1024 [] = data bits
5 32 11 2048
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Active Channel Indicator Bits

Two of the inputs are binary encoded to indicate the V40401

active input channel. Remember, the V-memory bits MSB LSB
are mapped directly to discrete inputs. The module CITTTIT I T TITITT]
automatically turns these inputs On and Off to
indicate the active input channel for each scan.

Scan X36 X37 Channel

N off Off 1
N+1 Off On
N+2 On Off
N+3 On On
N+4 off Off

o1 w X
WX
o N X

[] =channel inputs

M wnrN

Diagnostic Indicator Inputs

The last two inputs are used for module diagnostics.
Module Busy — The first diagnostic input (X36 in this

example) indicates a "busy” condition. This input V40401

will always be active on the first PLC scan to tell the MSB LsSB
CPU the analog data is not valid. After the first scan, CITTTTITIITIIIIIT]
the input will normally turn on when environmental é( é( )2(
(electrical) noise problems are present. The 76 0

programming examples in the next section will show . o
how this input can be used. The wiring guidelines [ = diagnostic inputs
presented earlier in this chapter provide steps that can

help reduce noise problems.

NOTE: WWhen using the pointer method, the value placed into the V-memory location will be 8000 instead of the
bit being set.

Module Failure — The last diagnostic input (X37 in this example) indicates that the analog
module is not operating. For example, if the 24VDC input power is missing, or if the
terminal block is loose, then the module will turn on this input point. The module will also
return a data value of zero to further indicate there is a problem. This input point cannot
detect which individual channel is at fault. If the cause of the failure goes away, the module
turns this bit off.

Output Data Bits

The first twelve bits of the output word
represent the analog data in binary

format. V40501

Bit Value Bit Value MSB LSB
(IITTTITTITTITITITITITI ]

0 1 6 64 119876543210

1 2 7 128 10

2 4 8 256 [] = data bits

3 8 9 512

4 16 10 1024

5 32 11 2048
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Output Channel Selection Bits
Two of the outputs select the active
channel. Remember, the V-memory bits
are mapped directly to discrete outputs.
Turning a bit Off selects its channel. By
controlling these outputs, the channel(s)
to be updated can be selected.

Y35 Y34 Channel

On Off 1

Off On 2

Off Off 1 & 2 (same data to
both channels)

On On None (both channels

hold current values)

Module Resolution
Since the module has 12-bit resolution, the analog
signal is converted into 4096 counts ranging from
0-4095 (212). For example, a 4mA signal would
be 0, and a 20mA signal would be 4095. This is
equivalent to a binary value of 0000 0000 0000
to 1111 1111 1111, or 000 to FFF hexadecimal.
The diagram shows how this relates to the signal
range.

Each count can also be expressed in terms of the
signal level by using the equation shown.

14-12 Iwgu%nualmm

V40401
MSB LSB
(ITTTTTITITITITITIIIT]
X X X
33 2
54 0

[] =channel inputs

4 - 20mA
20mA - |
\
4mA |

0 4095
H-L

4095

H = high limit of the signal range
L = low limit of the signal range

Resolution =

16mA / 4095 = 3.907UA per count
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Writing the Control Program

Before starting to write the program, some supplemental examples can be very helpful to
the programmer, such as:

« Input power failure detection

» Output data calculation

* Input data scaling

Analog Input Failure Detection
The analog module has a microcontroller that can diagnose analog input circuit problems.
Ladder logic can be written to detect these problems. The following rung shows an

input point that would be assigned if the module was used as shown in the previous and
following examples.

Calculating the Digital Value

| . .
MUItlpleXIng method V-memory location V2000 holds

V2000 KO X37 C1 channel 1 data. When a data value
‘ | = | | ] OU-D of zero is returned and input X37 is
‘ | [ [ on, then the analog channel is not

|
|

operating properly.

Pointers method
V-memory location V2000 holds
V2000 K8000 Cc1 channel 1 data. When a data value
| = | OU-D of 8000 is returned, then the analog
I I channel is not operating properly.

The control program must calculate the digital value that is sent to the analog output.
Several methods can be used to do this, but the best
method is to convert the values to engineering units. A=U-4095
This is accomplished by using the formula shown. H-L

Adjustments may need to be made to the formula
depending on the scale of the engineering units.

A = Analog Value (0-4095)

Consider the following example which controls pressure U = Engineering Units

from 0.0-99.9 PSI. Using the formula will calculate

the digital value to be sent to the analog output. The H = High limit of the engineering
example shows the conversion required to yield 49.4 PSI. unitrange
The multiplier of 10 is used because the decimal portion L = Low limit of the engineering
of 49.4 cannot be loaded in the program, so it is shifted unit range

right one decimal place to make a usable value of 494.

A=10U 4095 A =494 4095 A =2023
10 (H-L) (1000-0)

MQMMMI 14-13


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

- Chapter 14: F2-4AD2DA, 4-Ch. In / 2-Ch. Out Analog Combination

The example program below shows how to write the program to perform engineering unit
conversions. This example will work with all CPUs and assumes that the engineering unit
values have been calculated or loaded and stored in V2300 and V2301 for channels 1 and
2 respectively. Also, the final values are moved to V2004 and V2005, which are memory
locations that are used in the following examples. Any user V-memory locations can be
used, but they must match the locations that are specified as the source for the output
data (see the next section for an example).

NOTE: Since the D2-250 can do math operations in BCD format, it is better to perform the math calculations in BCD.

! SP1 LD The LD instruction loads the engineering units used with channel 1 into
—{ }7 V2300 the accumulator. This example assumes the numbers are BCD. Since
SP1 is used, this rung automatically executes on every scan. You could
also use an X, C, etc. permissive contact.

MUL Multiply the accumulator by 4095 (to start the conversion).
K4095

Divide the accumulator by 1000 (because we used a multiplier of 10,
E%OO we have to use 1000 instead of 100).

o Store the BCD result in V2004 (the actual steps required to send the
VéJ(;EM data are shown later).

SP1 LD The LD instruction loads the engineering units used with channel 2 into
—{ }7 V2301 the accumulator. This example assumes the numbers are BCD. Since
SP1 is used, this rung automatically executes on every scan. You could
also use an X, C, etc. permissive contact.

MUL Multiply the accumulator by 4095 (to start the conversion).
K4095

Divide the accumulator by 1000 (because we used a multiplier of 10,
E%OO we have to use 1000 instead of 100).

Store the BCD result in V2005 (the actual steps required to send the
\C/)EJO-BS data are shown later).

14-14 Iwgwmm


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 14: F2-4AD2DA 4-Ch. In / 2-Ch. Out Analog Combination

Scaling the Input Data

Most applications usually require measurements in

engineering units, which provide more meaningful data. Units=A H-L.

This is accomplished by using the conversion formula 4095

shown. U = Engineering Units
Adjustments to the formula may be needed depending A= Analog Value (0-4095)

on the scale chosen for the engineering units. H = High limit of the engineering

For example, if pressure (PSI) is to be measured with unitrange
a scale of 0.0-99.9, a multiplication factor of 10 would

be needed in order to imply a decimal place when the L= Lowlimit of the engineering

value is used in the user program. unit range
Example without multiplier Example with multiplier
Units = A H-L Units = 10A H-L
4095 4095
Units = 2024 100-0 Units = 20240 100-0
4095 4095

Units = 49 Units = 494

Analog Value of 2024, slightly less than half scale, should yield 49.4 PSI.

The following rung of logic is an example showing how the program can be written to
perform the engineering unit conversion. This example assumes the data is in BCD format
before being loaded into the appropriate V-memory locations using instructions that apply
to the CPU module being used.

Note, this example uses SP1, which is always on. You
| could also use an X, C, etc. permissive contact.

SP: LD Load channel 1 data to the accumulator.
— | V2000
MUL Multiply the accumulator by 1000 (to start the conversion).
| K1000
DIV Divide the accumulator by 4095.
| K4095
\
} ouT Store the result in V2010.
— V2010
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Read / Write Program (Pointer Method) for

D2-240, D2-250-1, D2-260 and D2-262 CPUs
The D2-240, D2-250-1, D2-260 and D2-262 CPUs have special V-memory locations
assigned to each base slot that simplifies the programming requirements. The V-memory
locations:
* Specify the number of input and output channels to scan.
« Specify the storage location for the input data.
« Specify the source location for the output data.

‘E NOTE: In order to use the pointer method, D2-250 CPUs must have firmware revision 1.09 or later, and F2-4AD2DA
modules must be revision C1 or later

The following example rung of logic shows how to setup these locations. Place this rung
anywhere in the ladder program, or in the initial stage if stage programming instructions
are being used.

In this example V2000 and V2004 are used to store the calculated values, but any
V-memory location can be used. For this example, the analog module is installed in slot
3. Be sure to use the V-memory locations for which ever slot the module is placed in your
system. The pointer method automatically converts values to binary.

|

I LD -or- | LD ‘
— | K0402 | K482 |
Loads a constant that specifies the number of channels to scan
and the data format. The upper byte, most significant nibble
(MSN) selects the data format (0=BCD, 8=Binary), the LSN
selects the number of input channels (1, 2, 3, or 4). The lower
byte, most significant nibble (MSN) selects the data format
(0=BCD, 8=Binary), the LSN selects the number of output
channels (1, 2).

The binary format is used for displaying data on some operator
interfaces. The D2-230/D2-240 CPUs do not support binary math
functions, whereas the D2-250 does.

ouT Special V-memory location assigned to slot 3 that contains the
— V7663 number of input and output channels.
This constant designates the first V-memory location that will be
LDA used to store the input data. For example, the 02000 entered here
02000 would mean:

Ch1 -V2000, Ch 2 - V2001, Ch 3 - V2002, Ch 4 - V2003

The constant 02000 is stored here. V7673 is assigned to slot 3 and
\9%]61-73 acts as a pointer, which means the CPU will use the value in this
location to determine exactly where to store the incoming data.

This constant designates the first V-memory location that will be
LDA used to obtain the analog output data. For example, the 02004
02004 entered here would mean: Ch1 - V2004, Ch 2 - V2005,

The constant 02004 is stored here. V7703 is assigned to slot 3 and
\C/);J?BS acts as a pointer, which means the CPU will use the value in this
location to determine exactly where to obtain the output data.
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The following tables show the special V-memory locations used by the D2-240, D2-250-1,
D2-260 and D2-262 for the CPU base and local expansion base I/O slots. Slot 0 (zero) is
the module next to the CPU or D2-CM module. Slot 1 is the module two places from the
CPU or D2-CM, and so on. Remember, the CPU only examines the pointer values at these
locations after a mode transition. Also, if the D2-230 (multiplexing) method is used, verify
that these addresses in the CPU are 0 (zero).

The table below applies to the D2-240, D2-250-1, D2-260 and D2-262 CPU base.

CPU Base: Analog In/Out Module Slot-Dependent V-memory
Locations
2

Slot 0 1 3 4 5 6 7

No. of
Chanaas V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667

Input Pointer | V7670 | V7671 | V7672 | V7673 | V7674 | V7675 | V7676 | V7677
Output Pointer | V7700 | V7701 | V7702 | V7703 | V7704 | V7705 | V7706 | V7707

The table below applies to the D2-250-1, D2-260 or D2-262 CPU base 1.
Expansion Base D2-CM #1: Analog In/Out Module Slot-Dependent V-memory

Locations
Slot. 0 1 2 3 4 5 6 7

No. of
Channels V36000 V36001 V36002 V36003 | V36004 V36005 | V36006 V36007

Input Pointer V36010 | V36011 | V36012 | V36013 | V36014 | V36015 | V36016 | V36017
Output Pointer | V36020 | V36021 | V36022 | V36023 | V36024 | V36025 | V36026 | V36027

The table below applies to the D2-250-1, D2-260 or D2-262 CPU base 2.
Expansion Base D2-CM #2: Analog In/Out Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of
Channels V36100 V36101 V36102 V36103 V36104 V36105 V36106 V36107

Input Pointer V36110 | V36111 V36112 | V36113 | V36114 | V36115 | V36116 | V36117
Output Pointer | V36120 | V36121 | V36122 | V36123 | V36124 | V36125 | V36126 | V36127

The table below applies to the D2-260 and D2-262 CPU base 3.
Expansion Base D2-CM #3: Analog In/Out Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of V36200 V36201 V36202 V36203 V36204 V36205 V36206 V36207
Channels

Input Pointer V36210 | V36211 | V36212 | V36213 | V36214 | V36215 | V36216 | V36217
Output Pointer | V36220 | V36221 | V36222 | V36223 | V36224 | V36225 | V36226 | V36227

The table below applies to the D2-260 and D2-262 CPU base 4.
Expansion Base D2-CM #4: Analog In/Out Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of V36300 V36301 V36302 V36303 V36304 V36305 V36306 V36307
Channels

Input Pointer V36310 | V36311 | V36312 | V36313 | V36314 | V36315 | V36316 | V36317
Output Pointer | V36320 | V36321 | V36322 | V36323 | V36324 | V36325 | V36326 | V36327
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Read Input Values (Multiplexing)
The D2-230 CPU does not use special V-memory locations for transferring data. Since all
channels are multiplexed into a single data word, the control program must be setup to
determine which channel is being read. Since the module appears as X input points to the
CPU, simply use the active channel status bits to determine which channel is being read.

Note, this example is for a module installed in slot 3, as shown in the previous examples.
The addresses used would be different if the module was used in a different slot. These
rungs can be placed anywhere in the program or if stage programming is being used, place
them in a stage that is always active.

The following multiplexing example can be used with all of the DL205 CPUs.

| Load data when module is not busy.

| X36 LD Loads the complete data word into the accumulator.
_{/\ V40401 The V-memory location depends on the I/O
[ configuration. See Appendix A for the memory map.

ANDD This instruction masks the channel identification bits.
KFFF Without this, the values used will not be correct so do
not forget to include it.

BCD It is usually easier to perform math operations in
BCD, You can leave out this instruction if your
application does not require it.

Store Channel 1

X36 X34 X35 ouT When the module is not busy and X36, X34 and X35
_{/} {/} {/} V2000 are off, channel 1 data is stored in \V2000.

Store Channel 2

X36 X34 X35 uT When the module is not busy and X34 is on and X35

%/} { } {/} \92001 and X36 are off, channel 2 data is stored in V2001.

Store Channel 3

X36 X34 X35 ouT When the module is not busy and X34 and X36 are
_‘/} {/} | } V2002 off and X35 is on, channel 3 data is stored in V2002.

|

Store Channel 4

X36 X34 X35 ouT When the module is not busy and both X34 and X35 are
_{/} | | || on and X36 is off, channel 4 data is stored in V2003.
\

10 10 V2003
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Single Input Channel Selected (Multiplexing)
Since it isn't necessary to determine which channel is selected, the single channel example
shown below can be implemented in the user program.

| Store channel 1 when module is not busy.
Loads the complete data word into the accumulator.

| X36 X34 X35
/}_{/}_{/‘ LD The V-memory location depends on the /0
V40401 configuration. See Appendix A for the memory map.
This instruction masks the channel identification

bits. Without this, the values used will not be
correct so do not forget to include it.

It is usually easier to perform math operations in
BCD. You can leave out this instruction if your
application does not require it.

When the module is not busy and X34 and X35 are
V2000 off, channel 1 data is stored in V2000.
Write Output Values (Multiplexing)
Since all channels are multiplexed into a single data word, the control program can be
setup to determine which channel to write the data to. Since the module appears as Y

output points to the CPU, it is simple to use the channel selection outputs to determine
which channel to update.

Note, this example is for a module installed in slot 3, as shown in the previous examples.
The addresses used would be different if the module was used in a different slot. These
rungs can be placed anywhere in the program or if stage programming is being used, place
them in a stage that is always active.

This example is a two-channel multiplexer that updates each channel on alternate scans.
Relay SP7 is a special relay that is On for one scan, then Off for one scan. This multiplexing
example can be used with all of the DL205 CPUs.

NOTE: Binary data must be sent to the output module. If the data is already in binary format, do
not use the BIN instruction shown in this example.

| Load data into the accumulator.

| sP7 Loads the data for channel 1 into the accumulator.

H V3000

SP7

LD Loads the data for channel 2 into the accumulator.
4{ /| ’— V2001

Send data to V-memory assigned to the module.

SP1 BIN Convert the data to binary (you must omit this step if
4{ you have converted the data elsewhere).
SP1 is always on.

The OUT instruction sends the data to the module. Our

\9‘%'—501 example starts with V40501, but the actual value
depends on the location of the module in your
Select the channel to update. application.
SP7 Y34 Selects channel 1 for update when Y34 is OFF
4{/} COU'D (Y35-ON deselects channel 2). Note, Y34 and Y35 are

used due to the previous examples. If the module was
installed in a different I/O arrangement, the addresses
would be different.

SP7 Y35 Selects channel 2 for update when Y35 is OFF

4{ | /ou'D (Y34-ON deselects channel 1). Note, Y34 and Y35 are
N used due to the previous examples. If the module was

| installed in a different I/O arrangement, addresses

would be different.
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Write Data to One Channel

If only one channel is being used, or if the updates are to be controlled separately, the
following logic can be used.

I sp1 The LD instruction loads the data into the
| accumulator. Since SP1 is used, this rung

4{ | V2000 automatically executes on every scan. You could
I =Vl

also use an X, C, etc. permissive contact.

’

The BIN instruction converts the accumulator data

BIN to binary (you must omit this step if you have
already converted the data elsewhere).
The ANDD instruction masks off the channel select
ANDD b . -
KOFFF bits to prevent an accidental channel selection.

The OUT instruction sends the data to the

ouT module. Our example starts with V40501, but the
V40501 actual value depends on the location of the

module in your application.
Y34

CRS.D Y34-OFF selects channel 1 for updating.

Y35
HOUD Y35-ON deselects channel 2 (do not update).

Write the same Data to Both Channels

If both channel select outputs are Off, then both channels will be updated with the same
data.

The LD instruction loads the data into the
| LD accumulator. Since SP1 is used, this rung
I :
automatically executes on every scan. You could
— | V2000 Vel
also use an X, C, etc. permissive contact.

BIN The BIN instruction converts the accumulator data
to binary (you must omit this step if you have
already converted the data elsewhere).

ANDD The ANDD instruction masks off the channel select
—— KOFFF bits to prevent an accidental channel selection.

The OUT instruction sends the data to the
module. Our example starts with V40501, but the
actual value depends on the location of the
module in your application.

ouTt
—1 V40501

Y34
7<RS'D Y34-OFF selects channel 1 for updating.

Y35
| 7<R3‘D Y35-OFF selects channel 2 for updating.

Analog and Digital Value Conversions

14-20 |

It is sometimes useful to do quick conversions between the signal levels and the digital
values. This can be helpful during startup and/or troubleshooting. The following table
shows some formulas to help with the conversions.

If the analog signal level is

Range If the digital value is known T
A=16D +4 D= 4095 (A_y
4095 16
For example, if a T0mA signal level is needed, use the D =4095 5 4)
formula to the right to determine the digital value “D" to be 1

stored in the V-memory location which is designated to store 4095
the data. D=16—(10mA—4)

D =(255.93) (6) D=1536
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Filtering Input Noise (D2-250-1, D2-260 and D2-262 CPUs Only)

Add the following logic to filter and smooth analog input noise in D2-250-1, D2-260 or
D2-262 CPUs. This is especially useful when using PID loops. Noise can be generated by the
field device and/or induced by field wiring.

In the following example, the analog value in BCD is first converted to a binary number.
Memory location V1400 is the designated workspace in this example. The MULR instruction
is the filter factor, which can be from 0.1-0.9. The example uses 0.2. A smaller filter factor
increases filtering. A higher precision value can be used, but it is not generally needed. The
filtered value is then converted back to binary and then to BCD. The filtered value is stored
in location V1402 for use in your application or PID loop.

NOTE: Be careful not to do a multiple number conversion on a value. For example, if the pointer
AAAAAA method is used to get the analog value, it is in BCD and must be converted to binary. However,
— if the conventional method is used to read a value and the first twelve bits are masked, then it is
‘E already in binary and no conversion using the BIN instruction is needed.

NOTE: Please review intelligent instructions (IBox) in Chapter 5, which simplify this and other
functions. The IBox instructions are supported by the D2-250-1, D2-260 and D2-262.

SP1

Loads the analog signal, which is a BCD value
|| I\_/BOOO and has been loaded from V-memory location
. V2000, into the accumulator. Contact SP1 is

always on.

Converts the BCD value in the accumulator to
| BIN binary. Remember, this instruction is not
needed if the analog value is originally
brought in as a binary number.

Converts the binary value in the accumulator
|| BTOR to a real number.

Subtracts the real number stored in location
| SUBR V1400 from the real number in the accumulator,
V1400 and stores the result in the accumulator. V1400
is the designated workspace in this example.

Multiplies the real number in the
— I\R/I(l)JI2_R accumulator by 0.2 (the filter factor),
- and stores the result in the
accumulator. This is the filtered value.

Adds the real number stored in
| ADDR location V1400 to the real number

V1400 filtered value in the accumulator, and
stores the result in the accumulator.
Copies the value in the accumulator to
| OUTD location V/1400.
V1400

Converts the real number in the
RTOB accumulator to a binary value, and
stores the result in the accumulator.

Converts the binary value in the accumulator
| | BCD to a BCD number. Note: The BCD instruction
is not needed for PID loop PV (loop PV is a
binary number).

Loads the BCD number filtered value from
| L_| OuT the accumulator into location V1402 to use in
| V1402 your application or PID loop.
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Module Specifications

The F2-8AD4DA-1 Analog Current Input/Output module provides
several hardware features:

iAnang inputs and outputs are optically isolated from the PLC
ogic.

The module has a removable terminal block so the module
can be easily removed or changed without disconnecting the
wiring.

All input and output channels are updated in one scan.
On-board active analog filtering, two CISC microcontrollers

and CPLD provide digital signal processing to maintain preci-
sion analog measurements in noisy environments.

Low-power CMOS design requires only 100mA from an
external 18-26.4 VDC power supply.

Input resolution is independently adjustable for each channel.
Users may select 12-bit, 14-bit or 16-bit.

Output resolution is 16-bit.

Broken transmitter detection bit (input <2mA) for use with
4-20 mA input device.

Each input can be independently configured to return the
present value, or to track and hold the maximum or mini-
mum value.

No jumper settings.

F2-8AD4DA-1 Requirements

The F2-8AD4DA-1 Analog Current Input/Output Module requires one of the following
components as a CPU or controller.

Hardware and Firmware Requirements

Base Type CPU/Controller Firmware Version
D2-250-1 4.40 or later
Local D2-260 2.20 or later
D2-262 1.0 TBD
Expansion D2-CM 1.30 or later
H2-EBC(-F) 2.1.441 or later
Remote /O H2-EBC100 4.0.457 or later
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The following tables provide the specifications for the F2-8AD4DA-1 Analog Current Input/
Output Module. Review these specifications to be certain that it will meet the requirements
of your application.

Input Specifications

Number of Input Channels

8, single ended (one common)

Input Range

0-20 mA

Input Resolution / Value of LSB

12, 14, or 16-bit; selectable
12-bit, 0-20 mA = 4.88 pA
14-bit, 0-20 mA = 1.22 pA
16-bit, 0-20 mA = 0.305 A

Input Impedance

100Q, £0.1%, 1/4W

Maximum Continuous Overload

+45mA

Loop Supply Voltage Range

18-26.4 VDC

Filter Characteristics

Active low pass; -3 dB @ 80Hz

PLC Input Update Rate

8 channels per scan (max. with pointers; local base)

Sample Duration Time (note)

2ms @ 12-bit; 5.52 ms @ 14-bit; 23ms @ 16-bit

Conversion Time (note)

12-bit =1.5 ms per channel
14-bit = 6ms per channel
16-bit = 25ms per channel

Conversion Method

Over sampling successive approximation

Accuracy vs. temperature

25ppm / °C maximum

Input Stability and Repeatability

+0.025% of range (after 30 minute warm-up)

Input Inaccuracy

0.1% of range maximum

Linearity Error (end to end)

12-bit = +2 counts max. (+ 0.06% of range)
14-bit = £10 counts max. (+ 0.06% of range)
16-bit = +40 counts max. (+ 0.06% of range)
Monotonic with no missing codes

Full Scale Calibration Error
(not including offset error)

+0.07% of range maximum

Offset Calibration Error

+0.03% of range maximum

Common Mode Rejection

-90dB min. @ DC; -150dB min. @ 50/60Hz

Crosstalk

+0.025% of range max. @ DC, 50/60Hz

Recommended External Fuse

0.032 A, series 217 fast-acting, current inputs

NOTE: The values listed for Sample Duration Time and Conversion Time are for a single channel, and do not include

PLC scan times.
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Output Specifications
Number of Output Channels 4
Output Range 4-20 mA
Output Resolution 16-bit; 0.244 A/ bit
Output Type Current sourcing at 20mA max.
Output Signal at Power-up & Power- <4mA
down
External Load Resistance 0-750 Q
Maximum Inductive Load 1mH
Allowed Load Type Grounded
Output Voltage Drop 6V max.; 1V min.

Max. Continuous Output Overload

Open circuit protected

Type of Output Protection

Electronically current limited to 20mA or less

PLC Output All Channel Update Time

4ms (local base)

Output Settling Time

0.5 ms max.; 5us min. (full scale change)

Output Ripple

0.005% of full scale

Accuracy vs. Temperature

+25 ppm/°C max. full scale calibration change (+0.0025% of
range/°C)

Output Stability and Repeatability

+1 LSB after 10 minute warm-up typical

Output Inaccuracy

0.1% of range maximum

Linearity Error (end to end)

+33 counts max. ( £0.05% of full scale)
Monotonic with no missing codes

Full Scale Calibration Error
(not including offset error)

40.07% of range maximum

Offset Calibration Error

+0.03% of range maximum

Crosstalk at DC, 50/60Hz

-70dB or 0.025% of full scale

NOTE: One count in the specifications table is equal to one least significant bit of analog data value

(1in 65536)
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General Module Specifications

Digital Input and Output Points Required gg gg:g: Eé; IOnEtu;;Lit S

Power Budget Requirement 35mA @ 5VDC (supplied by the base)

External Power Supply Requirement 18-26.4 VDC, 100mA maximum plus 20mA per loop output

Field Side to Logic Side Isolation 1800VAC applied for 1 second (100% tested)

Insulation Resistance >10MQ @ 500VDC

Operating Temperature 0-60°C (32-140°F); IEC60068-2-14

Storage Temperature -20°C to 70°C (- 4°F to 158°F); IEC60068-2-1, -2-2, -2-14

Relative Humidity 5-95% (non-condensing); IEC60068-2-30

Environmental Air No corrosive gases permitted; EN61131-2 pollution degree 1

Vibration MIL STD 810C 514.2; IEC60068-2-6

Shock MIL STD 810C 516.2; IEC60068-2-27

Noise Immunity NEMA ICS3-304; IEC61000-4-2, -4-3, -4-4

Emissions EN61000-6-4 (conducted and radiated RF emissions)

Mo Location
19 point removable terminal block included.

Field Wiring Optional remote wiring using ZL-CM20 remote feed-through terminal block
module and ZL-2CBL2# cable.

Agency Approvals UL508; UL6079-15 Zone 2; CE (EN61131-1)

Module Placement and Configuration Requirements

The F2-8AD4DA-1 analog current input/output module requires 32 discrete input and 32
discrete output points.

The module can be installed in any non-CPU slot of D2-250-1, D2-260 or D2-262 local
bases,

D2-CM expansion bases, H2-EBC(100)(-F) Ethernet remote bases, H2-PBC Profibus slave
bases, or H2-WPLCx-xx WinPLC bases.

= NOTE: The module is NOT supported by D2-230, D2-240, or D2-250 CPUS. It is also not supported by D2-RMSM
‘ and D2-RSSS remote I/0 master/slave modules.

The available power budget may also be a limiting factor. Check the user manual for the
particular module of CPU and /O base for more information regarding power budget and
number of local, local expansion, or Ethernet remote 1/O points.
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Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

+ Use the shortest wiring route whenever possible.

« Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the load or source.

+ Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

* Route the wirin% through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

User Power Supply Requirements
The F2-8AD4DA-1 module requires at least one field-side power supply. The same or
separate power sources can be used for the module supply and the current loop supply.
The module requires 18-26.4 VDC (at 100mA) plus 20mA for each current loop (a total of
240mA for twelve current loops), from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA
of current. This can be used instead of a separate supply if you are using only one
F2-8AD4DA-1 module with less than 10 loops. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the voltage and current
requirements, and that the transmitter and the module power supply negative (-) side are
connected together.

WARNING: If the internal 24VDC base power is used, be sure to calculate the power budget.
& Exceeding the power budget can cause unpredictable system operation that can lead to a

risk of personal injury or equipment damage.

The DL205 base has a switching type power supply. As a result of switching noise, +3-5
counts of instability may be noticed in the analog input data if the base power supply is
used. If this is unacceptable, try one of the following:

1. Use a separate linear power supply.

2. Connect the 24VDC common to the frame ground, which is the screw terminal marked "G"
on the base.

When using these methods, the input stability is rated at £0.025% of range.
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Current Loop Transmitter Impedance
Standard 0-20 mA and 4-20 mA transmitters and transducers can operate from a wide
variety of power supplies. Not all transmitters are alike and the manufacturers often specify
a minimum loop or load resistance that must be used with the transmitter.

The F2-8AD4DA-1 provides 100 ohms resistance for each input channel. If the transmitter
being used requires a load resistance below 100 ohms, adjustments do not have to be
made. However, if the transmitter requires a load resistance higher than 100 ohms, add a
resistor in series with the module.

Consider the following example for a transmitter being operated from a 24VDC supply with
a recommended load resistance of 750 ohms. Since the module has a 100 ohms resistance,
add an additional resistor.

In the example, add a 650 ohm resistor (R) in series with the module.

Example:
R=Tr— Mr R - resistor to add
R =750 — 100 Tr - Transmitter total resistance requirement
R = 650 Mr - Module resistance (internal 100 Ohms)
Two-wire Transmitter
+ - Module Channel 1
DC Supply e
INT+
+24\V 100 Ohms
IN-
oV
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Wiring Diagram
The F2-8AD4DA-1 module has a removable connector to simplify wiring. Simply squeeze
the top and bottom retaining clips and gently pull the connector from the module. Use the
following diagram to connect the field wiring.

The diagram shows one power supply for both the module and the I/O signal loops. If a
separate module and loop supplies are to be used, connect the power supply 0V commons
together.

The four wire transmitter connected to input channel 8 is powered by an independent
power source. In this case, the transmitter is treated as a 2-wire transmitter.

Internal module wiring

User 24VDC
Supply 24VDC: Isolated I
L H solated analog
" T ovoc- ( ) » it power
+ 4-20mA output o @ \
Channel 1 < @ T DAC
- Y P SR 7> 5 D4DA-1
* 4-20mA output > CcoM {cr2pac] 18-26.4VDC 100mA
Channel 2 @
- <13+ @ CH3 DAC) -
+, 4-20mA output <« 14+ %
R Channel 3 CcoM @
:
* @ Tom T H1ADC :
- @ H2 ADC
SooNow2 com @ 7000 t g (CH2ADC] b
— 13+ :
3o 4 omA T 'S @ @ 1000 w4 g:j:sg <
transmitter g
¢ com 1000 Twvn—4
See Note 2 See Note 1 e @ Q
0.032A @ TR CH5 ADC] <
2-wire 4-20m, -20mA i com @ e CH6 ADC %
transmitter shield, Channel 5 | [ ® . -
See Note 2 T itt 18 @ 1000 “vW—4 CH7 ADC :
ransmitter power > 18+
ACorDCH ‘ @ 7006 Yy, [CHBADC =
4-wire 4-20m, 4-20mA \V4
transmitter shield, Channel 8 —
Isolated analog
See Note 2 circuit common

NOTE 1: Shields should be connected at their respective signal source.
NOTE 2: A series 217, 0.032 A, fast-acting fuse is recommended for 4-20 mA current input loops.
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Module Operation

Input Channel Scanning Sequence (Pointer Method)
If the F2-8AD4DA-1 module is installed in a local (CPU) base, the input data for all eight
channels can be obtained in one scan. However, only one channel of input data can be

obtained per scan if the module is installed in an expansion, remote 1/O, or Profibus slave
base.

e

ooe e e e System with

Scan
ﬁ / analog module

installed in local
l Read Inputs (CPU) base.
17

Execute Application Program

Store data Scan N+2 <—|
l Write to Outputs l I

_ Scan N+7 <€—{| Ch1,2,3,..7,8

—
0y E. ™

O

:‘ EIBIEE
ololololals
Scan / System with analog

¥ module installed in
l Read Inputs expansion, remote 1/O
v or Profibus slave base.
Execute Application Program
Read the data Scan N <—

Ch1
% Soan N+t <
Store data Scan N2 <—
v Soan N6 <]

Write to Outputs l

Scan N+7 <—|| Chs
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Output Channel Update Sequence (Pointer Method)
If the F2-8AD4DA-1 is installed in a local (CPU) base, all four output channels can be
updated on every scan. However, only one channel can be updated per scan if the module
is installed in an expansion, remote 1/O, or Profibus slave base. The timing is synchronized
with the timing of reading the input channels, so each output channel can be updated

every eight scans.

System with
Scan analog module

installed in local

=
;

(CPU) base.
’ Read inputs ‘
= seann ]
Execute Application Program can
Calculate the data Scan N+1 —>|
i Seantes
% < can N+ 12,9,
Y

’ Write to outputs J

0 9 E.

o
o
1]
o
o

H O

clolaolo

]

=/ System with analog
Scan / module installed in
expansion, remote /O

Read Inputs or Profibus slave base.

Execute Application Program Scan N — | Cl
Read the data

I

>
~

Scan N+1 —> | Ci
Scan N+2 —|

Store data
Scan N+3 ——3|

y

Scan N+6
Write to Outputs
Scan N+7

Scan N+8 —|| C

ol | o

el |2

= |
-~

5
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Understanding the 1/0 Assignments
Remember that the F2-8AD4DA-1 module appears to the CPU as a 32-point discrete input
module and a 32-point discrete output module. These points can be used to obtain:
« An indication of which channel is active
« The digital representation of the analog signal
» Module diagnostic information
- Settings for resolution, range, and track and hold
These bits may never have to be used, but it may be an aid to help understand the data

format.Since all I/0 points are automatically mapped into V-memory, the location of the
datawords that will be assigned to the module can simply be determined.

F2-8ADI4 DA-1

EEE
= OO
|
EDEEE
oooo H
oooo
oooo
UDDUE
oooo ‘
EDEEE—
oooo H
oooo
oooo

Slot 0 Slot 1 Slot 2 Slot 3 Slot 4
32ptIn 8pt

32pt Out Output

Input Input Output
X0 X10 YO X20 Y20{ Y60
X7 X17 Y17 X57 Y57| Y67

I G N G I 0 G P WO A G

V40400 V40500 V40503

MSB V40401 LSB MSB V40501 LSB
(ITTTTTITITTITITIITIT] LTI I I I I ]
X X Y Y
3 Input Data Bits 2 3 Output Data Bits 2
7 0 7 0
MSB V40402 LSB MSB V40502 LSB
[TTTTTIIITITIr Iy LI I
X X Y Y
5 4 5 4
7 0 7 0

The individual bits in these data word locations represent specific information about the
analog signal. (The specific memory locations may vary, depending upon the slot where the
F2-8AD4DA-1 module is located.)
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Input

Data Bits

Depending upon the resolution selected, up to
16-bits of the input word represent the analog
data in binary format.

Bit Value
0 1

1 2

2 4

3 8

4 16

5 32

6 64

7 128

The upper byte of the second input word
represents the broken transmitter detection bits
for use only with 4-20 mA input devices. The
lower byte is not usable by the programmer.

Bit

8

9
10
11
12
13
14
15

v}

Value

256
512
1024
2048
4096
8192
16384
32768

e

V40401

1111119876543210
543210

[] = data bits

V40402 LSB

Ms
(LTI T T ITITT]

~ o X
o o X
o1 o1 X
oo X
w o X
N O X
_\(_n><
o v X
~N A X
oA X
oA X
NG NGV
w X
N A X
_\.l;><
o s X

[ ] = broken transmitter bits
[ ] =not usable by programmer

V40402 X | X[ x| x| x| x| x| x|Xx X

Input Address # 57 | 56 | 55 | 54 | 53 | 52 | 51 | 50 | 47 | " | 40

Input Bit # 15 | 14 211109 7 0

BT for Channel # 7 5 4 2 na| .. | na

Output Data Bits
All 16-bits of the first output word represent the MSB V40501 LS
analog data in binary format. [TTTTTTTITTITTITIT | |
. P YYYYYYYYYYYYYYYY
Bit ~ Value  Bit Value 3333333322222222
0 1 8 256 7654321076543210
! 2 9 512 17111119876543210
2 4 10 1024 543210 et
3 8 11 2048 [] = databits
4 16 12 4096 MSB V40502
5 32 13 8192 lllllllllllllllll
YYYYYYYYYYYYYYYY

6 64 14 16384 5555555544444444
7 128 15 32768 7654321076543210

The second output word is not usable by the

programmer.

15-12 I DL205 Analog 1/0 Manual, 7th Edition, Rev. H


https://cdn.automationdirect.com/static/manuals/d2anlg/d2anlg.html

Chapter 15: F2-8AD4DA-1 8-Ch. In / 4-Ch. Out Analog Current Combination -

Special V-Memory Locations

The D2-250-1, D2-260 and D2-262 CPUs have special V-memory locations assigned to each
base slot that greatly simplifies the programming requirements. These V-memory locations

specify:
» The number of input and output channels to scan

« The storage locations for the input and output data
« The resolution for the inputs

« The range selections for the inputs and outputs
 The track and hold selections for the inputs

Module Configuration Registers
The following tables show the special V-memory used by the CPUs for the CPU base and
local expansion base I/O slots. Slot 0 is the module slot next to the CPU or D2-CM module.
Slot 1 is the module slot two places from the CPU or D2-CM, and so on. The CPU needs to
examine the pointer values at these locations only after a mode transition.

CPU Base: Ana le Slot-Dependent V-
Slot 0 1 2 3 4 5 6 7

No. of I/O Channels

Enabled & Format V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667

Input Pointer V7670 | V7671 | V7672 | V7673 | V7674 | V7675 | V7676 | V7677
Output Pointer V7700 | V7701 | V7702 | V7703 | V7704 | V7705 | V7706 | V7707
Input Resolutions V36400 | V36401 | V36402 | V36403 | V36404 | V36405 | V36406 | V36407
(Reserved) V36410 | V36411 | V36412 | V36413 | V36414 | V36415 | V36416 | V36417

Input Track & Hold V36420 | V36421 | V36422 | V36423 | V36424 | V36425 | V36426 | V36427

Expansion Base D2-CM #1: Analog In/Out Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7

No. of I/O Channels

Enabled & Format V36000 | V36001 | V36002 | V36003 | V36004 | V36005 | V36006 | V36007

Input Pointer V36010 | V36011 | V36012 | V36013 | V36014 | V36015 | V36016 | V36017
Output Pointer V36020 | V36021 | V36022 | V36023 | V36024 | V36025 | V36026 | V36027
Input Resolutions V36030 | V36031 | V36032 | V36033 | V36034 | V36035 | V36036 | V36037
(Reserved) V36040 | V36041 | V36042 | V36043 | V36044 | V36045 | V36046 | V36047

Input Track & Hold V36050 | V36051 | V36052 | V36053 | V36054 | V36055 | V36056 | V36057

Expansion Base D2-CM #2: Analog In/Out Module Slot-Dependent V-memory

Locations

Slot 0 1 2 3 4 5 6 7
No. of I/O Channels

Enable c/l 2 Format V36100 | V36101 | V36102 | V36103 | V36104 | V36105 | V36106 | V36107
Input Pointer V36110 | V36111 | V36112 | V36113 | V36114 | V36115 | V36116 | V36117
Output Pointer V36120 | V36121 | V36122 | V36123 | V36124 | V36125 | V36126 | V36127
Input Resolutions V36130 | V36131 | V36132 | V36133 | V36134 | V36135 | V36136 | V36137
(Reserved) V36140 | V36141 | V36142 | V36143 | V36144 | V36145 | V36146 | V36147

Input Track & Hold V36150 | V36151 | V36152 | V36153 | V36154 | V36155 | V36156 | V36157
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Expansion Base D2-CM #3: Analog In/Out Module Slot-Dependent V-memory

Locatio
Slot 0 1 2 3 4 5 6 7

No. of I/O Channels
Enabled & Format

V36200 | V36201 | V36202 | V36203 | V36204 | V36205 | V36206 | V36207

Input Pointer V36210 | V36211 | V36212 | V36213 | V36214 | V36215 | V36216 | V36217
Output Pointer V36220 | V36221 | V36222 | V36223 | V36224 | V36225 | V36226 | V36227
Input Resolutions V36230 | V36231 | V36232 | V36233 | V36234 | V36235 | V36236 | V36237
(Reserved) V36240 | V36241 | V36242 | V36243 | V36244 | V36245 | V36246 | V36247

Input Track & Hold V36250 | V36251 | V36252 | V36253 | V36254 | V36255 | V36256 | V36257

Expansion Base D2-CM #4: Analog In/Out Module Slot-Dependent V-memory

Locatio

Slot 0 1 2 3 4 5 6 7
No. of I/O Channels

Enable t/, 2 Format V36300 | V36301 | V36302 | V36303 | V36304 | V36305 | V36306 | V36307
Input Pointer V36310 | V36311 | V36312 | V36313 | V36314 | V36315 | V36316 | V36317
Output Pointer V36320 | V36321 | V36322 | V36323 | V36324 | V36325 | V36326 | V36327
Input Resolutions V36330 | V36331 | V36332 | V36333 | V36334 | V36335 | V36336 | V36337
(Reserved) V36340 | V36341 | V36342 | V36343 | V36344 | V36345 | V36346 | V36347
Input Track & Hold V36350 | V36351 | V36352 | V36353 | V36354 | V36355 | V36356 | V36357

Number of I/0 Channels Enabled & Data Format
Load this V-memory location with a constant that specifies the number of enabled /O
channels and their data formats. The upper byte applies to the inputs, and the lower byte
applies to the outputs. The most significant nibbles specify the data formats, and the least
significant nibbles specify the number of channels enabled.

0 pcations for No. of /0 Channe abled & FOrma

No. of Channels Enabled 1 2 3 4 5 6 7 8
BCD Input KO1xx K02xx K03xx K04xx K05xx KO06xx KO7xx KO08xx
Binary Input K81xx | K82xx | K83xx | K84xx | K85xx | K86xx | K87xx | K88xx
BCD Output Kxx01 Kxx02 | Kxx03 | Kxx04 nla n/a nla n/a
Binary Output Kxx81 Kxx82 Kxx83 Kxx84 nla n/a n/a n/a

Input Selection Resolution Bits
Each of the eight input channels can be individually disabled or configured for 12, 14, or
16-bit resolution.

V36403: (specific memory location will vary depending upon the base and slot location).

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

R R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
8H | 8L | 7H | 7L | 6H | 6L | 5H | 5L | 44 | 4L | 3H | 3L | 2H | 2L | 1H | 1L

RnH = Resolution channel n High bit
RnL = Resolution channel n Low bit
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Input Resolution Select RnH RnL
0

12-bit 0

14-hit 0

16-bit 1 0
Disabled 1 1

m

xample: Input channels 1-4 are 12-bit, channel 5 is 14-bit, and channel 6 is 16-bit, and
hannels 7 and 8 are disabled; V36403 - F900(hex).

0

15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0

R R |R|R|R| R|R| R|]R|R|R|R|R | R|R|R

8H | 8L | 7TH | 7L | 6H | 6L | 5H | 5L | 44 | 4L | 3H | 3L [ 2H | 2L | 1H | 1L

1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0
F 9 0 0

Input Track and Hold Selection Bits

The track and hold feature for each of the eight inputs can be individually configured for
minimum, maximum, no hold, or reset held value. This configuration can be changed “on
the fly” while the program is running.

V36423: (specific memory location will vary depending upon the base and slot location).

15 |14 | 13 | 12 | 11 | 10 | 9 8 7 /6 | 5|4 3|2 1 0

Tt~ || T T T T
8H | 8L | 7H | 7L | 6H | 6L | 5H | 5L | 4H | 4L | 3H | 3L | 2H | 2L | 1H | 1L

TnH = Track and hold channel n High bit
TnL = Track and hold channel n Low bit

Track and Hold Select TnH TnL Result
0 0

No Track and Hold Returns real time input value
Track and Hold Minimum Value 0 1 Maintains lowest measured value
Track and Hold Maximum Value 1 0 Maintains highest measured value
Reset Track and Hold Value 1 1 Resets previously held input value

xample: Input channel track and hold settings:
-3 = none, ch 4-5 = minimum, ch 6-7 = maximum, ch 8 = reset; V36423=E940(hex).

— m

15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0

T T+ ||| T T ||| T
8H | 8L | 7H | 7L | 6H | 6L | 5H | 5L | 4H | 4L | 3H | 3L | 2H | 2L | tH | 1L

1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 0
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Writing the Control Program

Configuring the Module to Read/Write I/O (Pointer Method) for
D2-250-1, D2-260 and D2-262

The example programs that follow show how to configure the special V-memory locations
to read/write data from/to the I/O module. The module configuration rung needs to be
read by the CPU only after a mode transition, and does not need to be read every scan.
Place the configuration rung anywhere in the ladder program, or in the initial stage if
stage programming instructions is being used. This is all that is required to read the input
data and write the output data to/from the V-memory locations. Once the input data is in
V-memory, math can be used for data calculations, compare the data against preset values,
and so forth.

V2000 and V2020 are used as the beginning of the data areas in the example, but any user
V-memory locations can be used. Also, these examples assume that the module is installed
in slot 3 of the CPU base. The pointer V-memory locations determined by the layout of the
application should be used.
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Module Configuration Example 1:
Number of Channels = 8 in, 4 out,
Data Format = binary in, BCD out,
Input Resolution = 16-bit,
Input Track and Hold = none, real time value.

| SPO D Loads a constant that specifies the number of channels to scan and
4{ K8804 the data format. (See note below regarding data format.)

The upper byte applies to the inputs. The most significant ribble
(MSN) selects the data format (0=BCD, 8=Binary), and the LSN

selects the number of channels (1, 2, 3, 4, 5, 6, 7, or 8) to scan.

The lower byte applies to the outputs. The most significant nibble
(MSN) selects the data format (0=BCD, 8=Binary), and the LSN
selects the number of channels (1, 2, 3, or 4) to scan.

ouT Special V-memory location assigned to slot 3 that contains the
— V7663 number of input and output channels.
LDA This constant designates the first V-memory location that will be
— 02000 used to store the input data For example, the 02000 entered here
would mean: Ch1 - V2000, V2001; Ch2 - V2002, V2003; Ch3 -

V2004, V2005; Ch4 - V2006, V2007; Ch5 - V2010, V2011; Ché -
V2012, V2013; Ch7 - V2014, V2015; Ch8 - V2016, V2017. For each
channel, the 1st word holds the data, and the 2nd word is needed
only when displaying 14 or 16 bit data in BCD format. The 2nd word
contains the most significant digit in those cases.

The constant 02000 is stored here. V7673 is assigned to slot 3 and
ouT acts as a pointer, which means the CPU will use the value in this

V7673 location to determine exactly where to store the incoming data.
This constant designates the first V-memory location that will be
LDA used for the analog output data For example, the 02020 entered
— 02020 here would mean: Ch1 - V2020, V2021; Ch2 - V2022, V2023; Ch3 -
V2024, V2025; Ch4 - V2026, V2027. For each channel, the 1st word
holds the data, and the 2nd word is needed only when displaying 14
or 16 bit data in BCD format. The 2nd word contains the most
significant digit in those cases.
ouT The constant 02020 is stored here. V7703 is assigned to slot 3 and
—— V7703 acts as a pointer, which means the CPU will use the value in this
location to determine exactly where to obtain the outputdata.
Loads a constant that specifies the resolutions for each of the input
(I |P_(RAAA channels. This constant is determined by the values of two bits per
channel, as shown previously in “Input Resolutions Selection Bits”.
The constant AAAA(hex) configures each of the eight hput channels
for 16 bits.
ouT Special V-memory location assigned to slot 3 that contains the
— V36403 resolution settings for each of the inputchannels.
LD Loads a constant that specifies the track and hold settings for each
I of the input channels. This constant is determined by the values of
Y two bits per channel, as previously shown in “Track and Hold
Selection Bits”. The constant 0 configures each of the eight input
channels for no track and hold.
ouT Special V-memory location assigned to slot 3 that contains the track
1 V36423 and hold settings for each of the inputchannels..

NOTE: Binary data format is recommended for 14 or 16-bit resolution input data, especially if the input data is to
be used in any math instructions (DL205 User Manual, ch.5). There is only one V-memory word (16-bits) available for the
actual data. Although the 12-bit resolution maximum value of 4095 can be stored in one word using either binary or BCD
formats, the 14 and 16-bit resolution maximum values of 16383 and 65535 both exceed the BCD format's maximum
single word capacity of 9999. Double word math would be required for 14 or 16-bit data in BCD format. Binary data
format is also useful for displaying data on some operator interfaces.
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Module Configuration Example 2:
Number of Channels = 4 in, 4 out,
Data Format = binary in, BCD out,

Input Resolution = 14-bit,

Input Track and Hold = all inputs maximum value.

| SPO

'

LD
K8404

ouT
V7663

LDA
02000

ouTt
V7673

LDA
02020

ouTt
V7703

LD
K5555

ouTt
V36403

LD
KAAAA

ouT
V36423

Loads a constant that specifies the number of channels to scan and
the data format. (See note below regarding data format.)

The upper byte applies to the inputs. The most significant nibble
(MSN) selects the data format (0=BCD, 8=Binary), and the LSN
selects the number of channels (1, 2, 3, 4, 5, 6, 7, or 8) to scan.

The lower byte applies to the outputs. The most significant nibble
(MSN) selects the data format (0=BCD, 8=Binary), and the LSN
selects the number of channels (1, 2, 3, or 4) to scan.

Special V-memory location assigned to slot 3 that contains the
number of input and output channels.

This constant designates the first V-memory location that will be
used to store the input data. For example, the 02000 entered here
would mean: Ch1 - V2000, V2001; Ch2 - V2002, V2003; Ch3 -
V2004, V2005; Ch4 - V2006, V2007. For each channel, the 1st word
holds the data, and the 2nd word is needed only when displaying 14
or 16 bit data in BCD format. The 2nd word contains the most
significant digit in those cases.

The constant 02000 is stored here. V7673 is assigned to slot 3 and
acts as a pointer, which means the CPU will use the value in this
location to determine exactly where to store the incoming data.

This constant designates the first V-memory location that will be
used for the analog output data For example, the 02020 entered
here would mean: Ch1 - V2020, V2021; Ch2 - V2022, V2023; Ch3 -
V2024, V2025; Ch4 - V2026, V2027. For each channel, the 1st word
holds the data, and the 2nd word is needed only when displaying 14
or 16 bit data in BCD format. The 2nd word contains the most
significant digit in those cases.

The constant 02020 is stored here. V7703 is assigned to slot 3 and
acts as a pointer, which means the CPU will use the value in this
location to determine exactly where to obtain the outputdata.

Loads a constant that specifies the resolutions for each of the input
channels. This constant is determined by the values of two bits per

channel, as shown previously in “Input Resolutions Selection Bits”.

The constant 5555(hex) configures each of the eight input channels
for 14 bits.

Special V-memory location assigned to slot 3 that contains the
resolution settings for each of the input channels.

Loads a constant that specifies the track and hold settings for each
of the input channels. This constant is determined by the values of
two bits per channel, as previously shown in “Track and Hold
Selection Bits”. The constant AAAA(hex) configures each of the eight
input channels to track and hold the maximum value.

Special V-memory location assigned to slot 3 that contains the track
and hold settings for each of the input channels.

NOTE: Binary data format is recommended for 14 or 16-bit resolution input data, especially if the input data is to

be used in any math instructions (DL205 User Manual, ch.5). There is only one V-memory word (16-bits) available for
the actual data. Although the 12-bit resolution maximum value of 4095 can be stored in one word using either binary
or BCD formats, the 14 and 16-bit resolution maximum values of 16383 and 65535 both exceed the BCD format’s
maximum single word capacity of 9999. Double word math would be required for 14 or 16-bit data in BCD format.

Binary data format is also useful for displaying data on some operator interfaces.
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Module Configuration Example 3:
Number of Channels = 4 in, 2 out,
Data Format = BCD in, BCD out,
Input Resolution = 12-bit,
Input Track and Hold = all inputs minimum value.

| SPO Loads a constant that specifies the number of channels to scan and
4{ II_(E()]402 the data format. (See note below regarding data format.) (The leading
zero in this LD instruction is shown for clarity. It can be entered by the

programmer, but it will be dropped by the programming software.)
The upper byte applies to the inputs. The most significant nibble
(MSN) selects the data format (0=BCD, 8=Binary), and the LSN
selects the number of channels (1, 2, 3, 4, 5, 6, 7, or 8) to scan.
The lower byte applies to the outputs. The most significant nibble
(MSN) selects the data format (0=BCD, 8=Binary), and the LSN
selects the number of channels (1, 2, 3, or 4) to scan.

ouT Special V-memory location assigned to slot 3 that contains the
— V7663 number of input and output channels.

This constant designates the first V-memory location that will be
| | LDA used to store the input data For example, the 02000 entered here

02000 would mean: Ch1 - V2000, V2001; Ch2 - V2002, V2003; Ch3 -
V2004, V2005; Ch4 - V2006, V2007. For each channel, the 1st word
holds the data, and the 2nd word is needed only when displaying 14
or 16 bit data in BCD format. The 2nd word contains the most
significant digit in those cases.

The constant 02000 is stored here. V7673 is assigned to slot 3 and
| \9%"6:'—73 acts as a pointer, which means the CPU will use the value in this
location to determine exactly where to store the incomingdata.
This constant designates the first V-memory location that will be
LDA used for the analog output data For example, the 02020 entered
02020 here would mean: Ch1 - V2020, V2021; Ch2 - V2022, V2023. For
each channel, the 1st word holds the data, and the 2nd word is
needed only when displaying 14 or 16 bit data in BCD format. The
2nd word contains the most significant digit in those cases.
ouT The constant 02020 is stored here. V7703 is assigned to slot 3 and

— V7703 acts as a pointer, which means the CPU will use the value in this
location to determine exactly where to obtain the outputdata.

LD Loads a constant that specifies the resolutions for each of the input
1 KO channels. This constant is determined by the values of two bits per
channel, as shown previously in “Input Resolutions Selection Bits”.
The constant 0 configures each of the eight input channels for 12
bits.

ouT Special V-memory location assigned to slot 3 that contains the
— V36403 resolution settings for each of the inputchannels.

LD Loads a constant that specifies the track and hold settings for each
K5555 of the input channels. This constant is determined by the values of
two bits per channel, as previously shown in “Track and Hold

Selection Bits”. The constant 5555(hex) configures each of the eight
input channels to track and hold the minimum value.

ouT Special V-memory location assigned to slot 3 that contains the track
L1 V36423 and hold settings for each of the inputchannels..

NOTE: Binary data format is recommended for 14 or 16-bit resolution input data, especially if the input data is to
be used in any math instructions (DL205 User Manual, ch.5). There is only one V-memory word (16-bits) available for
the actual data. Although the 12-bit resolution maximum value of 4095 can be stored in one word using either binary
or BCD formats, the 14 and 16-bit resolution maximum values of 16383 and 65535 both exceed the BCD format’s
maximum single word capacity of 9999. Double word math would be required for 14 or 16-bit data in BCD format.
Binary data format is also useful for displaying data on some operator interfaces.
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Module 12-bit Input Resolution

When the 0-20 mA module inputs are
configured for 12-bit resolution, the analog
signal is converted into 4096 (212) counts
ranging from 0-4095. For example, a 0OmA
signal would be 0, and a 20mA signal would
be 4095. This is equivalent to a binary value of
0000 0000 0000 to 1111 1111 1111, or 000 to
FFF hexadecimal. The diagram shows how this
relates to the signal range.

Each count can also be expressed in terms of the
signal level by using the equation shown.

Module 14-bit Input Resolution

When the 0-20 mA module inputs are
configured for 14-bit resolution, the analog
signal is converted into 16384 (214) counts
ranging from 0-16383. For example, a OmA
signal would be 0, and a 20mA signal would be
16383. This is equivalent to a binary value of 00
0000 0000 0000 to 11 1111 1111 1111, or 0000
to 3FFF hexadecimal. The diagram shows how
this relates to the signal range.

Each count can also be expressed in terms of the
signal level by using the equation shown.

Module 16-bit Input Resolution

When the 0-20 mA module inputs are
configured for 16-bit resolution, the analog
signal is converted into 65536 (216) counts
ranging from 0-65535. For example, a OmA
signal would be 0, and a 20mA signal would be
65535. This is equivalent to a binary value of
0000 0000 0000 0000 to 1111 1111 1111 1111,
or 0000 to FFFF hexadecimal. The diagram shows
how this relates to the signal range.

Each count can also be expressed in terms of the
signal level by using the equation shown.

15-20 I DL205 Analog 1/0 Manual, 7th Edition, Rev. H

0-20 mA 12 Bit Resolution
20mA[ — T |
\
\
OmA
0 4095
H-L

12 Bit Resolution = 1095

H = high limit of the signal range
L = low limit of the signal range

20mA / 4095 = 4.88A per count

0-20mA 14 Bit Resolution
20mA - |
\
\
OmA
0 16383
. o _H-L
14 Bit Resolution = 16383

H = high limit of the signal range
L = low limit of the signal range

20mA/ 16383 = 1.22A per count

0-20mA 16 Bit Resolution
20mA - |
\
\
O0mA
0 65535
: . _H-L
16 Bit Resolution = 65535

H = high limit of the signal range
L = low limit of the signal range

20mA /65535 = 0.305UA per count
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Analog and Digital Input Data Value Conversion

Sometimes it is useful to be able to quickly convert between the signal levels and the

digital values. This is especially helpful during machine startup or troubleshooting. The
table below provides formulas to simplify the conversion.

A=(DNApax)/ Dmax) A = Analog value from current transmitter
D= (A)Drru)/ (A o) Amax = Maximum analog value
- max’* ¥’ max D = Digital value of input provided to PLC CPU
Djax = Maximum digital value

Analog and Digital Input Data Conversion
Resolution | X-mitter Range frihe :;?é:: value siZ::g ?i:’;:wlgvgvn
e &opma A= (D)(20) / 4095 D = (A)(4095) / 20
e oma A=(D)(20)/16383 | D=(A)(16383)/20
o s opma A= (D)(20) / 65535 D = (A)(65535) / 20

For example, if 16-bit resolution is being used, and
the signal measured is 12mA, the formula can be
easily used to determine the digital value (D) that D = (12) (3276.75)
should be stored in the V-memory location that

contains the data.

D= (A)2%5535

D =39321

Notice that the mathematical relationship between the analog and digital values remains
the same regardless of whether 4-20 mA or 0-20 mA transmitters are used. Only the
engineering unit input scaling will vary, as will be shown later.

Input Value Comparisons: Analog, Digital, Engineering Units

The following table shows how the input analog, digital, and engineering unit values are

related to each other. The above example is a measurement of pressure from 0.0-140.0 PSI,
using a multiplier of 10 for one implied decimal place.

Analog, Digital, and Engineering Units Input Comparisons
. . . E.U. E.U.
anaiog may Ol Dol DG ozoma |20 ma
Transmitter | Transmitter

20 4095 16383 65535 1400 1400
12 2457 9830 39321 840 700
10 2048 8192 32768 700 525
4 819 3277 13107 280 0
0 0 0 0 0 N/A
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Scaling the Input Data
Most applications require measurements in engineering units, which provide more
meaningful data. This can be accomplished by using the conversion formulas shown below.

EU = (A - Aoffset)(EUH - EUL) / (Amax - Aoffset)
EU = (D - Doffset)(EUH - EUL) / (Dmax - Doffset)

A = analog value from current transmitter

« Aoffset = 4mA offset when using 4-20 mA current transmitter

» D = digital value of input provided to PLC CPU

« Doffset = digital value of 4mA offset with 4-20 mA current transmitter

* EU = engineering units

» EUH = engineering units high value

» EUL = engineering units low value
The following examples show a 16-bit measurement of pressure (PSI) from 0.0-140.0. The
analog value needs to be multiplied by 10 in order to imply a decimal place when the value

is viewed with the programming software. Notice how the calculations differ when the
multiplier is used.

Scaling Example
Analog Value = 12.6 mA; Transmitter = 4-20 mA; Resolution = 16-bit
Result should yield 75.2 PSI

Example without multiplier Example with multiplier

B _ EU,- EU_ _ _ EU,- EU_
EU - (D Doffset) Dmax _ Doffset EU - (10)(D Doffset) Dmax _ Doffse1

- _ ___140-0 - _ __140-0
EU = (41287 - 13107) 65535 — 13107 EU = (10)(41287 — 13107) 65535 — 13107

EU= 75 EU= 752

NOTE: Binary data format is recommended for 14 or 16-bit resolution input data, especially if the input data is to
be used in any math instructions (DL205 User Manual, ch.5). There is only one V-memory word (16-bits) available for
‘E the actual data. Although the 12-bit resolution maximum value of 4095 can be stored in one word using either binary

or BCD formats, the 14 and 16-bit resolution maximum values of 16383 and 65535 both exceed the BCD format's
maximum single word capacity of 9999. Double word math would be required for 14 or 16-bit data in BCD format.
Binary data format is also useful for displaying data on some operator interfaces.
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Input Engineering Unit Conversion Example 1:

Data format = BCD,

Channel 1 data memory location = V2000,

Channel 1 resolution = 12-bits,

Channel 1 engineering units = 0.0-140.0 PS],
Channel 1 input device = 0-20 mA transmitter

| sp1

| LD
[ V2000

MUL
K1400

DIV
K4095

| ouT
V2100

Load input channel 1 digital value into accumulator.

Multiply by 1400;
EU range X 10 for implied decimal.

Divide by 4095;
12 bit digital range for 0-20 mA.

Store input EU value in V2100.

Input Engineering Unit Conversion Example 2:

Data format = binary,

Channel 1 data memory location = V2000,

Channel 1 resolution = 14-bits,

Channel 1 engineering units = 0.0-140.0 PSI,
Channel 1 input device = 0-20 mA transmitter

| LD
I V2000

MULB
K578

DIVB
K3FFF

| ouT
V2100

Load input channel 1 digital value into accumulator.

Multiply by 1400 [hex 578];
EU range X 10 for implied decimal.

Divide by 16383 [hex 3FFF];
14 bit digital range for 0-20 mA.
(Use 65535 [KFFFF] for 16 bit; 4095 [KFFF] for 12 bit.)

Store input EU value in V2100.

‘E NOTE: The above examples use SPT (which is always on) as a permissive contact for the engineering
unit conversions. X, C, etc., could also be used as a permissive contact.
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Input Engineering Unit Conversion Example 3:
Data format = BCD,

Channel 1 data memory location = V2000,
Channel 1 resolution = 12-bits,

Channel 1 engineering units = 0.0-140.0 PSI,
Channel 1 input device = 4-20 mA transmitter.

I spo
I LD Load constant 819 into accumulator;
4{ [ K819 12 bit digital value for 4mA offset.
\95’0-50 Store input offset value in V2030.
V2000 K819 co CO0 is on when analog input is less than 4mA;
|| I 819 =4mA @ 12 bits.
[ \OU-D (This rung not used if input transmitter is 0-20 mA.)
Co
LD Load input channel 1 digital value into accumulator.
j{/r V2000 (If input not less than 4mA.)
SUB Subtract 819;
V2030 12 bit digital value for 4mA offset.
(This rung not used if input transmitter is 0-20 mA.)
MUL Multiply by 1400;
K1400 EU range X 10 for implied decimal.
Divide by 3276;
}[21%76 12 bit digital range for 4-20 mA.
(For 0-20 mA xmitter: use 4095.)
\CI)ZU‘IBO Store input EU value in V2100.
co Load value of 0 into accumulator.
—{ } IR% (If input less than 4mA.)
(This rung not used if input transmitter is 0-20 mA.)
| ouT Store value of 0 in V2100
/2100 (This rung not used if input transmitter is 0-20 mA.)
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Input Engineering Unit Conversion Example 4:
Data format = binary,
Channel 1 data memory location = V2000,
Channel 1 resolution = 16-bits,
Channel 1 engineering units = 0.0-140.0 PSI,
Channel 1 input device = 4-20 mA transmitter.

l'v2000 K3333 co CO0 is on when analog input is less than 4mA;
|| OU'D 3333 hex = 13107 = 4mA @ 16 bits.
[ (Use KCCD for 14 bit; K333 for 12 bit.)
co (This rung not used if input transmitter is 0-20 mA.)
LD Load input channel 1 digital value into accumulator.
% V2000 (If input not less than 4mA.)
BTOR Convert from binary to real data format.
Subtract 13107;
SUBR 16 bit digital value for 4mA offset.
R13107 (Use R3277 for 14 bit; R819 for 12 bit.)
(This rung not used if input transmitter is 0-20 mA.)
MULR Multiply by 1400;
R1400 EU range X 10 for implied decimal.
Divide by 5248;
DIVR 16 bit digital range for 4-20 mA.
R52428 (Use R13106 for 14 bit; R3276 for 12 bit.)
(For 0-20 mA xmitter: use 16 bit R65535, 14 bit R16383, 12 bit R4095.)
RTOB Convert to binary data format.
851160 Store input EU value in V2100.
Co LD Load value of 0 into accumulator.
—{ } KO (If input less than 4mA.)
(This rung not used if input transmitter is 0-20 mA.)
} ouT Store value of 0 in V2100
V2100 (This rung not used if input transmitter is 0-20 mA.)

Using the Input Track and Hold Feature

The input Track and Hold feature allows the individual inputs to be separately configured
to maintain their maximum or minimum data values. If No Track and Hold is selected, the
present real time value of the input will be stored in the input data V-memory location. If
Track and Hold minimum value is selected, the first input value less than or equal to full
scale will be read and maintained until a lower value is measured, or until Track and Hold
is reset. If maximum value is selected, the first input value greater than or equal to zero
will be read and maintained until a higher value is measured, or until Track and Hold is
reset.

To reset Track and Hold, write a value of one to the Track and Hold selection high and

low bits. When Track and Hold is reset, the module will display the real-time input value.
When the selection is changed from reset to minimum value or maximum value, the input
will start over as described previously.
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Track and Hold Example:

Number of Channels = 1in, 1 out,
Data Format = binary in, binary out,
Input resolution = 16-bits,

Input Track and Hold = channel 1 reset.

! SP? LD Rung 1, Module Configuration:
4{ [ K8181 Input: binary data format, 1 channel.
Output: binary data format, 1 channel.
ouT Module location: local base, slot 3.
V7663 Input data 1st memory location: V2000
Output data 1st memory location: V2020
LDA Input resolution: 16 bit channel 1.
1 02000 Input Track and Hold: reset channel 1.
OouT
V7673
LDA
02020
ouT
V7703
LD
K2
ouT
V36403
LD
K3
ouT
| V36423
C1 . ) )
| LD C1 loads value of 2 (binary 10) into the Track and Hold Selection
_UV[ K2 register. This sets input channel 1 for Track and Hold Maximum
Value. As the analog value varies, only a measured value higher than
ouT the previously stored value will be written to V2000.
V36423
C3 . . .
| LD C3 loads a value of 3 (binary 11) into the Track and Hold Selection
—UV[ K3 register. This sets input channel 1 for Track and Hold Reset Value.
Real-time measured values will be written to V2000 until another
ouT Track and Hold Selection is made.
V36423
C5 ) . )
I LD C5 loads value of 1 (binary 01) into the Track and Hold Selection
_UV[ K1 register. This sets input channel 1 for Track and Hold Minimum Value.
As the analog value varies, only a measured value lower than the
| ouT previously stored stored will be written to V2000.
V36423
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Module 16-bit Output Resolution _ ,
Since the 4-20 mA output module has 16-bit 4-20mA 16 Bit Output Resolution
resolution, the analog signal is converted into 20mA —
65536 (216) counts ranging from 0-65535. For |
example, a 4mA signal would be 0, and a 20mA

signal would be 65535. This is equivalent to a AmA |
binary value of 0000 0000 0000 0000 — 1111 0 65535
1111 1111 1111, or 0000 — FFFF hexadecimal. Resolution = H.= L

The diagram shows how this relates to the signal 65535

range. H = high limit of the signal range
Each count can also be expressed in terms of the L = low limit of the signal range

signal level by using the equation shown.
16mA / 65535 = 0.244.A per count

Digital and Analog Output Data Value Conversion
Sometimes it is useful to be able to quickly convert
between the signal levels and the digital values.
This is especially helpful during machine startup or

» A = analog current output value
* Amax = maximum analog value

troubleshooting. The table below provides formulas * Amin = minimum analog value
to make this conversion easier. « D = digital value from PLC CPU
A = Amin + [(D)(Amax - Amin) / (Dmax)] » Dmax = maximum digital value
D = (A - Amin)(Dmax) / (Amax - Amin)

: Output If the digital value is If the analog signal level is
0L Range known known
16-bit A=4+ 16D D =(A-4) 65535
0-65535 20 mA 65535 16
For example, if a T0mA analog output signal is needed, the D = (10-4) 65535
formula could be used to determine the digital value (D) to be 16
stored in the V-memory location that contains the output data. D = (6)(4095.94)
D = 24576

Output Value Comparisons: Analog, Digital, Engineering Units

The table at right shows how the output
analog, digital, and engineering unit values
are related to each other. The example is a

Analog, Digital, and Engi_neering

Units C

measurement of pressure from 0.0-140.0 Digital

PSI, using a multiglier of 10 for one implied Analog (mA)] 36.pit EU.

decimal place. 20 65535 1400
12 39321 700
10 32768 525
4 13107 0
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Calculating the Digital Output Value
The value sent to the 16-bit analog output module must
be in digital form. A very good method to do this is to D=10 Dmax
convert the value into engineering units. Use the formula E(EUH—EUL)
shown on the right to accomplish this.

D =digital value
Adjustments to the formula may be needed depending EU = engineering units
on the scale chosen for the engineering units.

. . . EUy = engineering unit range
Consider the following example which controls pressure HE 2N g g

high limit
from 0.0-140.0 PSI. By using the formula, the digital 9 _I I o
value can be determined that can be sent to the module. EU_ = engineering unit range
The example shows the conversion required to yield 52.5 low limit

PSI. Notice the formula divides by 10, because the BCD
representation of 52.5 includes a multiplier of 10 to allow for the implied decimal. The
division corrects for the multiplier.

D = 10EU Dmax D = 525100 - 0 D = 24576
10(EUH — EUD) 10(140)

Calculating Output Data: Engineering Units Conversion
The below example program shows how to write the program to perform the engineering
unit conversion to output the 16-bit data format of 0-65535. This example assumes that
the engineering units have been calculated or loaded, including a multiplier of 10, in BCD
format and stored it in V2120 for output channel 1.

Output Engineering Unit Conversion / Output Data Calculation

Example:
Data format = binary

Channel 1 data memory location = V2020
Channel 1 engineering units = 0.0-140.0 PSI

SP1
| LD Load output channel data value into accumulator;
[ V2120 BCD EU value X 10 for implied decimal.
BIN Convert from BCD to binary data format.
Multiply by 65535;
MULB = .
KFFEE FFFF hex = 65535;

| 16 bit maximum digital value.

‘ Divide b :
y 1400;
\ DIVB 578 hex = 1400;

K578 EU range X 10 for implied decimal.
ouT i ;
V2020 Store output digital value in V2020.
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Module Specifications

The F2-8AD4DA-2 Analog Voltage Input/Output module provides
several hardware features:

iAnang inputs and outputs are optically isolated from the PLC
ogic.

The module has a removable terminal block so the module
can be easily removed or changed without disconnecting the —
erlng G.I-NP.iJTS

st

All input and output channels are updated in one scan.

On-board active analog filtering, two CISC microcontrollers and
CPLD provide digital signal processing to maintain precision
analog measurements in noisy environments.

» Low-power CMOS design requires only 80mA from an external
18-26.4 VDC power supply.

Input resolution is independently adjustable for each channel.
Users may select 12-bit, 14-bit or 16-bit.

Output resolution is 16-bit.

Each input can be independently configured to return the
prfzsent value, or to track and hold the maximum or minimum
value.

» No jumper settings.

F2-8AD4DA-2 Hardware and Firmware F2-8AD4DA-2

Requirements

The F2-8AD4DA-2 Analog Voltage Input/Output Module requires one of the following
components as a CPU or controller.

Hardware and Firmware Requirements

'
0

.
(N

S

<
7
<
<
<
<
]
<
<

S

(N

Base Type CPU/Controller Firmware Version
D2-250-1 4.40 or later
Local D2-260 2.20 or later
D2-262 1.0 TBD
Expansion D2-CM 1.30 or later
H2-EBC(-F) 2.1.441 or later
Remots I/0 H2-EBC100 4.0.457 or later
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The following tables provide the specifications for the F2-8AD4DA-2 Analog Voltage Input/
Output Module. Review these specifications to be certain that it will meet the requirements
of your application.

Input Specifications

Number of Input Channels

8, single ended (one common)

Input Range

0-5V,0-10V

Input Resolution / Value of LSB

12, 14, or 16-bit; selectable
12-bit, 0-5V =1.22 mV
12-bit, 0-10V =2.44 mV
14-bit, 0-5V = 305pV
14-bit, 0-10 V = 610uV
16-bit, 0-5V = 76uV
16-bit, 0-10 V = 152uV

Input Impedance

1MQ, 5%

Maximum Continuous Overload

+100V

Filter Characteristics

Active low pass; -3 dB @ 80Hz

PLC Input Update Rate

8 channels per scan (max. with pointers; local base)

Sample Duration Time (note)

2ms @ 12-bit; 5.52ms @ 14-bit, 23ms @ 16-bit

Conversion Time (note)

12-bit = 1.5 ms per channel
14-bit = 6ms per channel
16-bit = 25ms per channel

Conversion Method

Over sampling successive approximation

Accuracy vs. temperature

25ppm / °C maximum

Input Stability and Repeatability

+0.03% of range (after 30 minute warm-up)

Input Inaccuracy

0.1% of range maximum

Linearity Error (end to end)

12-bit = +2 counts max. (+0.06% of range)
14-bit = £10 counts max. (+0.06% of range)
16-bit = +40 counts max. (+0.06% of range)
Monotonic with no missing codes

Full Scale Calibration Error
(not including offset error)

+0.07% of range maximum

Offset Calibration Error

+0.025% of range maximum

Common Mode Rejection

-90dB min. @ DC; -150dB min. @ 50/60Hz

Crosstalk

+0.025% of range max. @ DC, 50/60Hz

: NOTE: The values listed for Sample Duration Time and Conversion Time are for a single channel, and do not
‘ include PLC scan times.
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Output Specifications

Number of Output Channels 4

Output Range 0-5V,0-10V

Output Resolution 16-bit

Output Type Voltage sourcing / sinking at 10mA max.
Output Signal at Power-up & Power-down ov

Output Impedance 0.2 Q typical

External Load Resistance >1000Q

Maximum Capacitive Load 0.1uF

Allowed Load Type Grounded

Max. Continuous Output Overload

Limited to 15mA typical

Type of Output Protection

15VDC Peak Output Voltage
(clamped by transient voltage suppressor)

PLC Output All Channel Update Time

4ms (local base)

Output Settling Time

0.5 ms max.; 5us min. (full scale change)

Output Ripple

0.005% of full scale

Accuracy vs. Temperature

+25 ppm/ °C max. full scale calibration change (+0.0025%
of range / °C)

Output Stability and Repeatability

+1 LSB after 10 minute warm-up typical

Output Inaccuracy

0.1% of range maximum

Linearity Error (end to end)

+33 counts max. ( £0.05% of full scale)
Monotonic with no missing codes

Full Scale Calibration Error
(not including offset error)

40.07% of range maximum

Offset Calibration Error

+0.03% of range maximum

Crosstalk at DC, 50/60Hz

-70dB or 0.025% of full scale

‘E NOTE: One count in the specifications table is equal to one least significant bit of analog data value (1 in 65536)
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General Module Specifications

Digital Input and Output Points Required

32 point (X) Inputs
32 point (Y) Outputs

Power Budget Requirement

35mA @ 5VDC (supplied by the base)

External Power Supply Requirement

18-26.4 VDC, 80mA maximum

Field Side to Logic Side Isolation

1800VAC applied for 1 second (100% tested)

Insulation Resistance

>10MQ @ 500VDC

Operating Temperature

0-60°C (32-140°F); IEC60068-2-14

Storage Temperature

—20-70°C (- 4-158°F); IEC60068-2-1, -2-2, -2-14

Relative Humidity

5-95% (non-condensing); IEC60068-2-30

Environmental Air

No corrosive gases permitted; EN61131-2 pollution degree 1

Vibration

MIL STD 810C 514.2; IEC60068-2-6

Shock

MIL STD 810C 516.2; IEC60068-2-27

Noise Immunity

NEMA ICS3-304; IEC61000-4-2, -4-3, -4-4

Emissions

EN61000-6-4 (conducted and radiated RF emissions)

Module Location

Any non-CPU slot in local, expansion, or Ethernet remote base
of DL205 system with D2-250-1, D2-260 or D2-262 CPU

19 point removable terminal block included.

Field Wiring Optional remote wiring using ZL-CM20 remote feed-through
terminal block module and ZL-2CBL2# cable.
Agency Approvals UL508; UL6079-15 Zone 2; CE (EN61131-1)

Module Placement and Configuration Requirements

The F2-8AD4DA-2 analog voltage input/output module requires 32 discrete input and 32

discrete output points.

The module can be installed in any non-CPU slot of D2-250-1, D2-260 or D2-262 local
bases, D2-CM expansion bases, H2-EBC(100)(-F) Ethernet remote bases, H2-PBC Profibus

slave bases, or H2-WPLCx-xx WinPLC bases.

NOTE: The module is NOT supported by D2-230, D2-240, or D2-250 CPUS. It is also not supported by

D2-RMSM and D2-RSSS remote I/0 master/slave modules.

The available power budget may also be a limiting factor. Check the user manual for the
particular module of CPU and /O base for more information regarding power budget and
number of local, local expansion, or Ethernet remote 1/O points.
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Connecting the Field Wiring
Wiring Guidelines

Your company may have guidelines for wiring and cable installation. If so, check the
guidelines before beginning the installation. Here are some general things to consider:

Use the shortest wiring route whenever possible.

Use shielded wiring and ground the shield at the transmitter source. Do not ground the
shield at both the module and the load or source.

Do not run the signal wiring next to large motors, high current switches, or transformers.
This may cause noise problems.

Route the wirin% through an approved cable housing to minimize the risk of accidental
damage. Check local and national codes to choose the correct method for your applica-
tion.

Unused inputs should be shorted together and connected to common.

User Power Supply Requirements
The F2-8AD4DA-2 module requires at least one field-side power supply. The same or
separate power sources can be used for the module supply and the transmitter supply. The
module requires 18-26.4 VDC (at 80mA), from the external power supply.

The DL205 AC bases have a built-in 24VDC power supply that provide up to 300mA of
current. This can be used instead of a separate supply. Check the power budget to be safe.

It is desirable in some situations to power the transmitters separately in a location remote
from the PLC. This will work as long as the transmitter supply meets the voltage and current
requirements, and that the transmitter and the module power supply negative (-) side are
connected together.

WARNING: If the 24VDC base power is used, be sure to calculate the power budget.
& Exceeding the power budget can cause unpredictable system operation that can lead to a
risk of personal injury or equipment damage.

The DL205 base has a switching type power supply. As a result of switching noise, +3-5
counts of instability may be noticed in the analog input data if the base power supply is
used. If this is unacceptable, try one of the following:

Use a separate linear power supply.
Sjc?pnect the 24VDC common to the frame ground, which is the screw terminal marked

on the base.

When using these methods, the input stability is rated at +0.03% of range.
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Wiring Diagram
The F2-8AD4DA-2 module has a removable connector to simplify wiring. Simply squeeze
the top and bottom retaining clips and gently pull the connector from the module. Use the
following diagram to connect the field wiring.

The diagram shows one power supply for both the module and the I/O signal loops. If a
separate module and transmitter supplies are to be used, connect the power supply 0V
commons together.

The four wire transmitter connected to input channel 8 is powered by an independent
power source. In this case, the transmitter is treated as a 2-wire transmitter.

' ANALOG

Internal module wiring

User 24VDC
supply

|
|
Nl 24VDC+ Isolated analog J
~ ki 0VDC- P Gircuit power | ‘ ! )
+ Voltage output o Y% -
Channel 1 @ CH1 DAC
=D =4 vor F2-8AD4DA-2
+ Voltage output ] com {oneonc] 18.26.4V0C 80mA
R Channel 2 @ 8 INPUTS
V3+ @ CH3 DAC i il
+, Voltage output Va+ 0-500-10VDC
Channel 3 {onspc |
- coMm ®
y
+ @ CH1ADC s
See Note 2 }; ‘
’ —(§ CH2ADC
See Note 1 | com (/D 2
3-wire voltagg_* Voltage ittef: % a @ CH3 ADC ‘
transmitter shield, Channel 3 \ . com [ @ @ CH4 ADC P
See Note 1 V5+
@ CH5 ADC <
2-wire voltag Voltage transm\lte[ com I—_@ CH6 ADC [/}
shield, Channel 5 L -
-
SeeNote 1 <—/ ; _® {on aoc |
Transmitter power V8+ >
(crosoe | <

ACorDC m
4-wire voltage Voltage transmittes I v
transmitter shield, Channel 8! ——
Isolated analog
See Note 1 circuit common

NOTE 1: Connect shields to the OV of the module; do not connect both ends of the shield.
NOTE 2: Short unused inputs together and connect them to common.
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Module Operation

Input Channel Scanning Sequence (Pointer Method)
If the F2-8AD4DA-2 module is installed in a local (CPU) base, the input data for all eight
channels can be obtained in one scan. However, only one channel of input data can be
obtained if the module is installed in an expansion, remote 1/O, or Profibus slave base.

.

i

=

Scan System with
— / analog module
installed in local
l Read Inputs

(CPU) base.

Fﬁ

v

Execute Application Program

Read the data

N —

Store data

Scan N <€—
Scan N+1 <—|

Scan N+2 <€—

'

A 4

Scan N+6 <

l Write to Outputs

T

Scan N+7 <—|

Ch1,2,3,..7,8

Ch1,2,3,..7,8

Ch1,2,3,..7,8

Ch1,2,3,..7,8

Ch1,2,3,..7,8

|

Scan

ﬁ/

l Read Inputs

17

or

Execute Application Program
Read the data

i

Store data

Fﬂ

System with analog
module installed in

expansion, remote I/O

Profibus slave base.

Scan N <€—
Scan N+1 <—|

Scan N+2 <—|

v

A J

Scan N+6 <—|

Write to Outputs

Scan N+7 <—|

(o] Q Q Q Q

2|2 212l |2

| |~ ol [nf ]2
-
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Output Channel Update Sequence (Pointer Method)
If the F2-8AD4DA-2 is installed in a local (CPU) base, all four output channels can be
updated on every scan. However, only one channel can be updated per scan if the module
is installed in an expansion, remote 1/O, or Profibus slave base. The timing is synchronized
with the timing of reading the input channels, so each output channel can be updated
every eight scans.

; HEE alnlulnln
System with
Scan analog module

installed in local

- (CPU) base.
’ Read inputs ‘
e seonn | “orrzas ]
Execute Application Program can

Calculate the data Scan N+1 —

Write data
. et — [ _onizos |

Y

’ Write to outputs J

I

i | 8] 880
ololololalol System with analog

i @Hm.

O
Scan / module installed in
expansion, remote /O
Read Inputs or Profibus slave base.
Execute Application Program Scan N —>
Read the data

Scan N+2 —3»{| Ch3
Store data
Scan N+3 —> | ch4

Scan N+6
Write to Outputs
Scan N+7

Scan N+8 —>(| Ch1
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Understanding the 1/0 Assignments
Remember that the F2-8AD4DA-2 module appears to the CPU as a 32-point discrete input
module and a 32-point discrete output module. These points can be used to obtain:
« An indication of which channel is active,
« The digital representation of the analog signal,
» Module diagnostic information,
- Settings for resolution, range, and track and hold.
These bits may never have to be used, but it may be an aid to help understand the data

format.
Since all I/O points are automatically mapped into V-memory, the location of the data
words that will be assigned to the module can simply be determined.

F2—8ADI4DA—2
[

o 0 e R o o D oy o O e o B e o BN
[=]=] oo oo oo oo oo
=28 oo oo oo oo ==

oo oo oo oo oo

8 oo oo oo oo oo
..il Slot 0 Slot 1 Slot 2 Slot 3 Slot 4

32ptIn 8pt

Output 32pt Out Output

— Input Input
X0 X10 YO X20 Y20{ Y60
XA7 X;? Y;7 Xé7 YA57 Yé7
=

A M 1 i i

V40400 V40500 V40503

MSB V40401 LSB MSB V40501 LSB
(LTI T T ITTTIITTIITT]
X X Y Y
3 Input Data Bits 2 3 Output Data Bits 2
7 0 7 0
MSB V40402 LSB MSB V40502 LSB
CITTTTTIITTIIITrry LTI T
X X Y Y
5 4 5 4
7 0 7 0

The individual bits in these data word locations represent specific information about the
analog signal. (The specific memory locations may vary, depending upon the slot where the

F2-8AD4DA-2 module is located.)
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Input Data Bits V40401
Depending upon the resolution selected, up CTITTTT T TTTT] |I3 |
to 16-bits of the first input word represent the
s XXXXXXXXXXXXXXXX
analog data in binary format. 33333333200202020202
Bit Value Bit Value 7654321076543210
0 1 8 256 1111119876543210
1 2 9 512 543210
= data bit
2 4 10 1024 [ = databits
3 8 11 2048 MSB V40402 LSB
4 16 12 40% (LITTTTITTITTITITITTT]
5 32 13 8192 XXXXXXXXXXXXXXXX
6 64 14 16384 5555555544444444
7 128 15 32768 r0°4321070543210
The input word is not usable by the 1111119876543210
543210
programmer.
[ ] =not usable by programmer
Output Data Bits MSB V40501 LS

All 16-bits of the first output word represent (LITTITTTIITITTL] | l

the analog data in binary format. YYYYYYYYYYYYYYYY
. . 3333333322222222
Bit Value Bit Value 7654321076543210
? ; 2 :1526 1111119876543210
543210
2 4 10 1024 [J = data bits
3 8 11 2048 MSB V40502
4 16 12 4096 lllllllllllllllll
YYYYYYYYYYYYYYYY
> 32 13 8192 5555555544444444
6 64 14 16384 7654321076543210
7 128 15 32768 o mm o mm oo —
The second output word is not usable by the ;1;;189876543210
programmer. [ ] =not usable by programmer
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Special V-Memory Locations

The D2-250-1, D2-260 and D2-262 CPUs have special V-memory locations assigned to
each base slot that greatly simplifies the programming requirements. These V-memory
locations specify:

« The number of input and output channels to scan

« The storage locations for the input and output data

« The resolution for the inputs

« The range selections for the inputs and outputs

- The track and hold selections for the inputs

Module Configuration Registers
The following tables show the special V-memory used by the CPUs for the CPU base and
local expansion base I/O slots. Slot 0 is the module slot next to the CPU or D2-CM module.
Slot 1 is the module slot two places from the CPU or D2-CM, and so on. The CPU needs to
examine the pointer values at these locations only after a mode transition.

CPU Base: Analog In/Out Module Slot-Dependent V-memory Locations
Slot 0 1 2 3 4 5 6 7
B V7660 | V7661 | V7662 | V7663 | V7664 | V7665 | V7666 | V7667
Enabled & Format
Input Pointer V7670 V7671 V7672 V7673 V7674 V7675 V7676 V7677
Output Pointer V7700 V7701 V7702 V7703 V7704 V7705 V7706 V7707
Input Resolutions V36400 | V36401 | V36402 | V36403 | V36404 | V36405 | V36406 | V36407
1/0 Range Selection V36410 | V36411 | V36412 | V36413 | V36414 | V36415 | V36416 | V36417
Input Track & Hold V36420 | V36421 | V36422 | V36423 | V36424 | V36425 | V36426 | V36427
Expansion Base D2-CM #1: Analog In/Out Module Slot-Dependent V-memory
Locations
Slot 0 1 2 3 4 5 6 7
No. of 1/0 Channels
Enabled & Format V36000 | V36001 | V36002 | V36003 | V36004 | V36005 | V36006 | V36007
Input Pointer V36010 | V36011 | V36012 | V36013 | V36014 | V36015 | V36016 | V36017
Output Pointer V36020 | V36021 | V36022 | V36023 | V36024 | V36025 | V36026 | V36027
Input Resolutions V36030 | V36031 | V36032 | V36033 | V36034 | V36035 | V36036 | V36037
1/0 Range Selection V36040 | V36041 | V36042 | V36043 | V36044 | V36045 | V36046 | V36047
Input Track & Hold V36050 | V36051 | V36052 | V36053 | V36054 | V36055 | V36056 | V36057
Expansion Base D2-CM #2: Analog In/Out Module Slot-Dependent V-memory
Locatio
Slot 0 1 2 3 4 5 6 7
No. of I/0 Channels
B R Frone V36100 | V36101 | V36102 | V36103 | V36104 | V36105 | V36106 | V36107
Input Pointer V36110 | V36111 | V36112 | V36113 | V36114 | V36115 | V36116 | V36117
Output Pointer V36120 | V36121 | V36122 | V36123 | V36124 | V36125 | V36126 | V36127
Input Resolutions V36130 | V36131 | V36132 | V36133 | V36134 | V36135 | V36136 | V36137
1/0 Range Selection V36140 | V36141 | V36142 | V36143 | V36144 | V36145 | V36146 | V36147
Input Track & Hold V36150 | V36151 | V36152 | V36153 | V36154 | V36155 | V36156 | V36157
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Expansion Base D2-CM #3: Analog In/Out Module Slot-Dependent V-memory

Locations
Slot 0 1 2 3 4 5 6 7
No. of 0 Channels V36200 | V36201 | V36202 | V36203 | V36204 | V36205 | V36206 | V36207
Input Pointer V36210 | V36211 | V36212 | V36213 | V36214 | V36215 | V36216 | V36217
Output Pointer V36220 | V36221 | V36222 | V36223 | V36224 | V36225 | V36226 | V36227
Input Resolutions V36230 | V36231 | V36232 | V36233 | V36234 | V36235 | V36236 | V36237
1/0 Range Selection V36240 | V36241 | V36242 | V36243 | V36244 | V36245 | V36246 | V36247
Input Track & Hold V36250 | V36251 | V36252 | V36253 | V36254 | V36255 | V36256 | /36257
Expansion Base D2-CM #4: Analog In/Out Module Slot-Dependent V-memory
Locations
Slot 0 1 2 3 4 5 6 7
e V36300 | V36301 | V36302 | V36303 | V36304 | V36305 | V36306 | V36307
Enabled & Format
Input Pointer V36310 | V36311 | V36312 | V36313 | V36314 | V36315 | V36316 | V36317
Output Pointer V36320 | V36321 | V36322 | V36323 | V36324 | V36325 | V36326 | V36327
Input Resolutions V36330 | V36331 | V36332 | V36333 | V36334 | V36335 | V36336 | V36337
1/0 Range Selection V36340 | V36341 | V36342 | V36343 | V36344 | V36345 | V36346 | V36347
Input Track & Hold V36350 | V36351 | V36352 | V36353 | V36354 | V36355 | V36356 | V36357

Number of I/0 Channels Enabled & Data Format

Load this V-memory location with a constant that specifies the number of enabled 1/0 channels
and their data formats. The upper byte applies to the inputs, and the lower byte applies to the
outputs. The most significant nibbles specify the data formats, and the least significant nibbles
specify the number of channels enabled.

D pcations 10 D. O U ANNe anled & G 3

No. of Channels Enabled 1 2 3 4 5 6 7 8
BCD Input KO1xx K02xx K03xx K04xx K05xx KO06xx KO7xx KO08xx
Binary Input K81xx K82xx K83xx K84xx K85xx K86xx K87xx K88xx
BCD Output Kxx01 Kxx02 Kxx03 Kxx04 n/a nla n/a nfa
Binary Output Kxx81 Kxx82 Kxx83 Kxx84 n/a n/a n/a n/a

Input Selection Resolution Bits
Each of the eight input channels can be individually disabled or configured for 12, 14, or 16-bit
resolution.

V36403: (specific memory location will vary depending upon the base and slot location).

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

R/ R |R|R|R|R|R|R|R|R|R|R|R|R|R|R
8H | 8 | 7H | 7L | 6H | 6L | 5H | 5L | 4H | 4L | 3H | 3L | 2H | 2L | 1H | 1L

RnH = Resolution channel n High bit
RnL = Resolution channel n Low bit

MQMM.MI 16-13
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Input Resolution Select RnH RnL

12-bit 0 0
14-bit 0 1
16-bit 1 0
Disabled 1 1

Example: Input channels 1-4 are 12-bit, channel 5 is 14-bit, and channel 6 is 16-bit, and
channels 7 and 8 are disabled; V36403-F900(hex).

15 | 14 | 13 | 12 | 11 | 10

RRI/R|R|R|R|IR|R|R|]R|R|R|R|R|R|R|R
8H | 8L | 7TH | 7L | 6H | 6L | 5H | 5L | 4H | 4L | 3H | 3L | 2H | 2L | 1H | 1L

1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0

Input and Output Range Selection Bits

The range of the eight input channels can be collectively set for 0-5 V or for 0-10 V. The
range of the four output channels can also be collectively set for either of the same two
voltage ranges.

V36413: (specific memory location will vary depending upon the base and slot location).

15 |14 |13 |12 |11 (10| 9 | 8 | 7 | 6 |5 | 4 | 3|2 |1 |0
- - -] -1T-1-]-JRrR| -] -1-1-]-]1-]1-1R

IR = Input Range
OR = Output Range
Input/Qutput Range IR OR

0-5V 0 0
0-10V 1 1

Example: Input channel range is 0-5 V, and output channel range is 0-10 V;
V36413=100(hex).

15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0

- ===l -t =-JR|l=-]-]=-]=-f-1=-1-1R

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
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Input Track and Hold Selection Bits

The track and hold feature for each of the eight inputs can be individually configured for
minimum, maximum, no hold, or reset held value. This configuration can be changed “on
the fly” while the program is running.

V36423: (specific memory location will vary depending upon the base and slot location).

5|14 13|12 1110 | 9 | 8 |7 6 5|4 32|10

S 5 O s A A A A A I, A N A O B N B O O
8H | 8L | 7H | 7L | 6H | 6L | 5H | 5L | 4H | 4L | 3H | 3L | 2H | 2L | 1H | 1L

TnH = Track and hold channel n High bit
TnL = Track and hold channel n Low bit

Track and Hold Select TnH TnL Result

No Track and Hold 0 0 returns real time input value

Track and Hold Minimum Value 0 1 maintains lowest measured value
Track and Hold Maximum Value 1 0 maintains highest measured value
Reset Track and Hold Value 1 1 resets previously held input value

Example: Input channel track and hold settings:
1-3 = none, ch 4-5 = minimum,
ch 6-7 = maximum, ch 8 = reset; V36423=E940(hex).

1514|1312 |11 (10| 9 | 8 | 7 | 6 | 5

Tt~
8H | 8L | 7H | 7L [ 6H | 6L | 5H | 5L | 4H | 4L | 3H | 3L | 2H | 2L | tH | 1L

1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 0
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Writing the Control Program

Configuring the Module to Read/Write I/O (Pointer Method) for
D2-250-1, D2-260 and D2-262

The example programs that follow show how to configure the special V-memory locations
to read/write data from/to the I/O module. The module configuration rung needs to be
read by the CPU only after a mode transition, and does not need to be read every scan.
Place the configuration rung anywhere in the ladder program, or in the initial stage if
stage programming instructions is being used. This is all that is required to read the input
data and write the output data to/from the V-memory locations. Once the input data is in
V-memory, math can be used for data calculations, compare the data against preset values,
and so forth.

V2000 and V2020 are used as the beginning of the data areas in the example, but any user
V-memory locations can be used. Also, these examples assume that the module is installed
in slot 3 of the CPU base. The pointer V-memory locations determined by the layout of the
application should be used.
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Module Configuration Example 1:
Number of Channels = 8 in, 4 out,
Data Format = binary in, BCD out,
Input Resolution = 16-bit,
Input/Output Range = 0-5 V in, 0-5 V out
Input Track and Hold = none, real time value.

| SPO Loads a constant that specifies the number of channels to scan and the data format.

4{ K8804 (See note below regarding data format.)

The upper byte applies to the inputs. The most significant nibble (MSN) selects the
data format (0=BCD, 8=Binary), and the LSN selects the number of channels
selects the number of channels (1, 2, 3, 4, 5, 6, 7, or 8) to scan.

The lower byte applies to the outputs. The most significant nibble (MSN) selects the
data format (0=BCD, 8=Binary), and the LSN selects the number of channels
(1,2, 3, or 4) to scan.

ouT Special V-memory location assigned to slot 3 that contains the number of input and
V7663 output channels.

This constant designates the first V-memory location that will be used to store the input data
02000 For example, the 02000 entered here would mean: Ch1 - V2000, V2001; Ch2 - V2002,

V2003; Ch3 - V2004, V2005; Ch4 - V2006, V2007; Ch5 - V2010, V2011; Ch6 - V2012,
V2013; Ch7 - V2014, V2015; Ch8 - V2016, V2017. For each channel, the 1st word holds
the data, and the 2nd word is needed only when displaying 14 or 16 bit data in BCD format.
The 2nd word contains the most significant digit in those cases.

The constant 02000 is stored here. V7673 is assigned to slot 3 and acts as a pointer, which
V7673 means the CPU will use the value in this location to determine exactly where to store
the incoming data.
This constant designates the first V-memory location that will be used for the analog output
LDA data. For example, the 02020 entered here would mean: Ch1 - V2020, V2021;
02020 Ch2 - V2022, V2023; Ch3 - V2024, V2025; Ch4 - V2026, V2027. For each channel,
the 1st word holds the data, and the 2nd word is needed only when displaying 14 or
16 bit data in BCD format. The 2nd word contains the most significant digit in those cases.

ouT The constant 02020 is stored here. V7703 is assigned to slot 3 and acts as a pointer,
V7703 which means the CPU will use the value in this location to determine exactly where
to obtain the output data.

Loads a constant that specifies the resolutions for each of the input channels. This
constant is determined by the values of two bits per channel, as shown previously in
“Input Resolutions Selection Bits”. The constant AAAA(hex) configures each of the
eight input channels for 16-bits.

ouT Special V-memory location assigned to slot 3 that contains the resolution settings for
V36403 each of the input channels.

Loads a constant that specifies the collective range of the input channels.
The range can be 0-5 V or 0-10 V. For example, the constant fo KO loaded
here sets the input channels and the ouput channels to a range of 0-5 V

ouT Special V-memory location assigned to slot 3 that contains the track and hold settings
V36413 for each of the input channels.

Loads a constant that specifies the track and hold settings for each of the input channels.
This constant is determined by the values of two bits per channel, as previously shown in
“Track and Hold Selection Bits”. The constant 0 configures each of the eight input
channels for no track and hold.

ouT Special V-memory location assigned to slot 3 that contains the track
/36423 and hold settings for each of the inputchannels.

— — —
36 36 26 e o o
% = >

NOTE: Binary data format is recommended for 14 or 16-bit resolution input data, especially if the input data is to
be used in any math instructions (DL205 User Manual, ch.5). There is only one V-memory word (16-bits) available for
the actual data. Although the 12-bit resolution maximum value of 4095 can be stored in one word using either binary
or BCD formats, the 14 and 16-bit resolution maximum values of 16383 and 65535 both exceed the BCD format’s
maximum single word capacity of 9999. Double word math would be required for 14 or 16-bit data in BCD format.
Binary data format is also useful for displaying data on some operator interfaces.
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Module Configuration Example 2:

Number of Channels = 4 in, 4 out,

Data Format = binary in, BCD out,

Input Resolution = 14-bit,

Input/Output Range = 0-10 V in, 0-5 V out,

Input Track and Hold = all inputs maximum value.

PO

Loads a constant that specifies the number of channels to scan and the data format.

(See note below regarding data format.)

The upper byte applies to the inputs. The most significant nibble (MSN) selects the data format
(0=BCD, 8=Binary), and the LSN selects the number of channels (1, 2, 3, 4, 5, 6, 7, or 8) to scan.

The lower byte applies to the outputs. The most significant nibble (MSN) selects the data format
(0=BCD, 8=Binary), and the LSN selects the number of channels (1, 2, 3, or 4) to scan.

K8404

V7663 Special V-memory location assigned to slot 3 that contains the number of input and output channels.

This constant designates the first V-memory location that will be used to store the input data.

LDA For example, the 02000 entered here would mean: Ch1 - V2000, V2001; Ch2 - V2002, V2003; Ch3 -
02000 V2004, V2005; Chd - V2006, V2007. For each channel, the 1st word holds the data, and the

2nd word is needed only when displaying 14 or 16 bit data in BCD format. The 2nd word contains

the most significant digit in those cases.

ouT The constant 02000 is stored here. V7673 is assigned to slot 3 and acts as a pointer, which means
V7673 the CPU will use the value in this location to determine exactly where to store the incoming data.

This constant designates the first V-memory location that will be used for the analog output data
52320 For example, the 02020 entered here would mean: Ch1 - V2020, VV2021; Ch2 - V2022, V2023;
Ch3 -V2024, V2025; Ch4 - V2026, V2027. For each channel, the 1st word holds the data, and the
2nd word is needed only when displaying 14 or 16 bit data in BCD format. The 2nd word contains
the most significant digit in those cases.

The constant 02020 is stored here. V7703 is assigned to slot 3 and acts as a pointer, which means

our the CPU will use the value inltigation to determine exactly where to obtain the output data.

V7703

LD Loads a constant that specifies the resolutions for each of the input channels. This constant is
K5555 determined by the values of two bits per channel, as shown previously in “Input Resolutions

Selection Bits”. The constant 5555(hex) configures each of the eight input channels for 14 bits.
Special V-memory location assigned to slot 3 that contains the resolution settings for each
V3(;|;103 of the input channels.

Loads a constant that specifies the collective range of the input channels and the collective range of
the output channels. The range can be 0-5 V or 0-10 V. For example, the constant of K1 loaded here
sets the input channels to a range of 0—10 V and the output channels to a range 0-5 V.

ouT Special V-memory location assigned to slot 3 that contains the track and hold settings for each
V36413 of the input channels.

Loads a constant that specifies the track and hold settings for each of the input channels. This
constant is determined by the values of two bits per channel, as previously shown in “Track and
Hold Selection Bits”. The constant AAAA(hex) configures each of the eight input channels to
track and hold the maximum value.

KAAAA

ouT Special V-memory location assigned to slot 3 that contains the track and hold settings for each
V36423 of the input channels.

- A —
3

NOTE: Binary data format is recommended for 14 or 16-bit resolution input data, especially if the input data is to
be used in any math instructions (DL205 User Manual, ch.5). There is only one V-memory word (16-bits) available for
the actual data. Although the 12-bit resolution maximum value of 4095 can be stored in one word using either binary
or BCD formats, the 14 and 16-bit resolution maximum values of 16383 and 65535 both exceed the BCD format's
maximum single word capacity of 9999. Double word math would be required for 14 or 16-bit data in BCD format.
Binary data format is also useful for displaying data on some operator interfaces.
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Module Configuration Example 3:
Number of Channels = 4 in, 2 out,
Data Format = BCD in, BCD out,
Input Resolution = 12-bit,
Input/Output Range = 0-10 V in, 0-10 V out,
Input Track and Hold = all inputs minimum value.

| SPO Loads a constant that specifies the number of channels to scan and the data format. (See note below

4{ II_(%402 regarding data format.) (The leading ero in this LD instruction is shown for clarity. It can be entered
by the programmer, but it will be dropped by the programming software.)

The upper byte applies to the inputs. The most significant nibble (MSN) selects the data format

(0=BCD, 8=Binary), and the LSN selects the number of channels (1, 2, 3, 4, 5, 6, 7, or 8) to scan.

The lower byte applies to the outputs. The most significant nibble (MSN) selects the data format
(0=BCD, 8=Binary), and the LSN selects the number of channels (1, 2, 3, or 4) to scan.

Ut Special V-memory location assigned to slot 3 that contains the number of input and output channels.

V7663

This constant designates the first V-memory location that will be used to store the input data.

02000 For example, the 02000 entered here would mean: Ch1 - V2000, V2001; Ch2 - V2002, V2003; Ch3 -
V2004, V2005; Ch4 - V2006, V2007. For each channel, the 1st word holds the data, and the 2nd
word is needed only when displaying 14 or 16 bit data in BCD format. The 2nd word contains the
most significant digit in those cases.

The constant 02000 is stored here. V7673 is assigned to slot 3 and acts as a pointer, which means

V7673 the CPU will use the value in this location to determine exactly where to store the incoming data.

This constant designates the first V-memory location that will be used for the analog output data.
6%820 For example, the 02020 entered here would mean: Ch1 - V2020, V2021; Ch2 - V2022, V2023. For

each channel, the 1st word holds the data, and the 2nd word is needed only when displaying 14 or
16 bit data in BCD format. The 2nd word contains the most significant digit in those cases.

ouT The constant 02020 is stored here. V7703 is assigned to slot 3 and acts as a pointer, which means
V7703 the CPU will use the value in this location to determine exactly where to obtain the output data.

Loads a constant that specifies the resolutions for each of the input channels. This constant is
determined by the values of two bits per channel, as shown previously in “Input Resolutions
Selection Bits”. The constant 0 configures each of the eight input channels for 12 bits.

T Special V-memory location assigned to slot 3 that contains the resolution settings for each of
V36403 the input channels.

Loads a constant that specifies the collective range of the input channels and the collective range of

K0101 the output channels. The range can be 0-5 V or 0-10 V. For example, the constant of KO101 loaded here

sets the input channels and the output channels to a range 0-10 V. (The leading zero in this LD instruction

is shown for clarity. It can be entered by the programmer, but it will be dropped by the programming software.)

Special V-memory location assigned to slot 3 that contains the track and hold settings for each of
V36413 the input channels.

LD Loads a constant that specifies the track and hold settings for each of the input channels. This
K5555 constant is determined by the values of two bits per channel, as previously shown in “Track and Hold
Selection Bits”. The constant 5555(hex) configures each of the eight input channels to track and

hold the minimum value.

Special V-memory location assigned to slot 3 that contains the track and hold settings for each
\/36423 of the input channels.

o o [ o Py -
c c o c o0 8 o e
= = P >

NOTE: Binary data format is recommended for 14 or 16-bit resolution input data, especially if the input data is to
be used in any math instructions (DL205 User Manual, ch.5). There is only one V-memory word (16-bits) available for
the actual data. Although the 12-bit resolution maximum value of 4095 can be stored in one word using either binary
or BCD formats, the 14 and 16-bit resolution maximum values of 16383 and 65535 both exceed the BCD format’s
maximum single word capacity of 9999. Double word math would be required for 14 or 16-bit data in BCD format.
Binary data format is also useful for displaying data on some operator interfaces.
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Module 12-bit Input Resolution

When the module voltage inputs are configured
for 12-bit resolution, the analog signal is converted
into 4096 (212) counts ranging from 0-4095. For
example, a OV signal would be 0, and a full scale 5V
or 10V signal would be 4095. This is equivalent to a
binary value of 0000 0000 0000 to 1111 1111 1111,
or 000 to FFF hexadecimal. The diagram shows how
this relates to the signal range.

Each count can also be expressed in terms of the
signal level by using the equation shown.

Module 14-bit Input Resolution

When the module voltage inputs are configured
for 14-bit resolution, the analog signal is converted
into 16384 (214) counts ranging from 0-16383. For
example, a OV signal would be 0, and a full scale
5V or 10V signal would be 16383. This is equivalent
to a binary value of 00 0000 0000 0000 to 11 1111
1111 1111, or 0000 to 3FFF hexadecimal. The
diagram shows how this relates to the signal range.

Each count can also be expressed in terms of the
signal level by using the equation shown.

Module 16-bit Input Resolution

When the module voltage inputs are configured
for 16-bit resolution, the analog signal is converted
into 65536 (216) counts ranging from 0-65535. For
example, a OV signal would be 0, and a full scale
5V or 10V signal would be 65535. This is equivalent
to a binary value of 0000 0000 0000 0000 to 1111
1111 1111 1111, or 0000 to FFFF hexadecimal. The
diagram shows how this relates to the signal range.

Each count can also be expressed in terms of the
signal level by using the equation shown.
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0 - 5V/10V 12 Bit Resolution
sVAOV[ T T T |
\
\
ov

0 4095

. o _H-L

12 Bit Resolution = 4095

H = high limit of the signal range
L = low limit of the signal range

5V /4095 = 1.22mV per count
10V / 4095 = 2.44mV per count

0 - 5v/10Vv 14 Bit Resolution
5V/MOV [ |
\
\
ov

0 16383

: o _H-L

14 Bit Resolution = 16383

H = high limit of the signal range
L = low limit of the signal range

5V /16383 = 305 WA per count
10V / 16383 = 6104 A per count

0 - 5v/10V 16 Bit Resolution
VMOV [ |
\
\
ov

0 65535

p o _H-L

16 Bit Resolution = 65535

H = high limit of the signal range
L = low limit of the signal range

5V /65535 =76 uA per count
10V / 65535 = 152 pA per count
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Analog and Digital Input Data Value Conversion
Sometimes it is useful to be able to quickly convert between the signal levels and the
digital values. This is especially helpful during machine startup or troubleshooting. The
table provides formulas to simplify the conversion.

A = (D)(Amax) / (Dmax) A = Analog value from current transmitter
= (AYDmax) / (Amax Amax = Maximum analog value
(AX )/ ) D = Digital value of input provided to PLC
CPU
Dmax = Maximum digital value
Analog and Digital Input Data Conversion
Resolution Input Range E:g:’:igital VAl [ Isfigt;l:\ealai:a:&%wn
12-bit 0-5V A=(D)(5) /4095 = (A)(4095)/5
0-4095 0-10V A= (D)(10)/ 4095 D (A)(4095) / 10
14-bit 0-5V A= (D)(5) /16383 D = (A)(16383) /5
0-16383 0-10V A= (D)(10)/ 16383 D = (A)(16383) /10
16-bit 0-5V A= (D)(5)/ 65535 D = (A)(65535) / 5
0-65535 0-10V A= (D)(10) / 65535 D = (A)(65535) / 10
For example, if a 0-10 V range with 16-bit D =(A) 65535
resolution is being used, and the signal 10

measured is 6V, the formula can be easily
used to determine the digital value (D) that
should be stored in the V-memory location

that contains the data.

D =(6) (6553.5)

D =39321
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Scaling the Input Data

Most applications require measurements in engineering units, which provide more
meaningful data. For input ranges with a minimum value of zero, this can be accomplished
by using the conversion formulas shown below.

EU = (A)(EUH - EUL) / (Amax)
EU = (D)(EUH - EUL) / (Dmax)
A = analog value from current transmitter
- D = digital value of input provided to PLC CPU
* EU = engineering units
» EUH = engineering units high value
« EUL = engineering units low value
The following examples show a 16-bit measurement of pressure (PSI) from 0.0-140.0. The
analog value needs to be multiplied by 10 in order to imply a decimal place when the value

is viewed with the programming software. Notice how the calculations differ when the
multiplier is used.

Scaling Example

Analog Value of 6.3V, 0-10 V transmitter, 16-bit resolution, should yield 88.2 psi.

Example without multiplier Example with multiplier
EU= (D) EU,- EU. EU = (10)(D) EU,y - EUL
Dmax Dmax
- _140- 0 - 140- 0
EU = (41287) 65535 EU = (10)(41287) 65535
EU= 88 EU = 882

NOTE: Binary data format is recommended for 14 or 16-bit resolution input data, especially if the input data
is to be used in any math instructions (DL205 User Manual, ch.5). There is only one V-memory word (16-bits)
available for the actual data. Although the 12-bit resolution maximum value of 4095 can be stored in one word
‘E using either binary or BCD formats, the 14 and 16-bit resolution maximum values of 16383 and 65535 both
exceed the BCD format's maximum single word capacity of 9999. Double word math would be required for 14 or
16-bit data in BCD format. Binary data format is also useful for displaying data on some operator interfaces.
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Input Engineering Unit Conversion Example 1:

Data format = BCD,

Channel 1 data memory location = V2000,

Channel 1 resolution = 12-bits,

Channel 1 engineering units = 0.0-140.0 PSI,
Channel 1 input device = 0-5 V or 0-10 V transmitter.

LD
[ V2000

MUL
K1400

DIV
K4095

| ouT
V2100

Load input channel 1 digital value into accumulator.

Multiply by 1400;
EU range X 10 for implied decimal.

Divide by 4095;
12 bit digital range.

Store input EU value in V2100.

Input Engineering Unit Conversion Example 2:

Data format = binary,

Channel 1 data memory location = V2000,

Channel 1 resolution = 14-bits,

Channel 1 engineering units = 0.0-140.0 PS],
Channel 1 input device = 0-5 V or 0-10 V transmitter.

| LD
I V2000

MULB
K578

DIVB
K3FFF

| ouT
V2100

Load input channel 1 digital value into accumulator.

Multiply by 1400 [hex 578];
EU range X 10 for implied decimal.

Divide by 16383 [hex 3FFF];
14 bit digital range for 0-20mA.
(Use 65535 [KFFFF] for 16 bit; 4095 [KFFF] for 12 bit.)

Store input EU value in V2100.

: NOTE: The above examples use SPT (which is always on) as a permissive contact for the engineering
‘ unit conversions. X, C, etc., could also be used as a permissive contact.
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Input Engineering Unit Conversion Example 3:
Data format = binary,

Channel 1 data memory location = V2000,

Channel 1 resolution = 16-bits,

Channel 1 engineering units = 0.0-140.0 PSI,

Channel 1 input device = 0-5 V or 0-10 V transmitter.

SP1
[ LD ) . )
# [ V2000 Load input channel 1 digital value into accumulator.
BTOR Convert from binary to real data format.
MULR Multiply by 1400;
R1400 EU range X 10 for implied decimal.

\ Divide b ;
y 65535;

\ DIVR A
R65535 16 bit digital range.

(Use R16383 for 14 bit; R4095 for 12 bit.)

RTOB Convert to binary data format.
ouT . .
V2100 Store input EU value in V2100.

Using the Input Track and Hold Feature

The input Track and Hold feature allows the individual inputs to be separately configured
to maintain their maximum or minimum data values. If No Track and Hold is selected, the
present real time value of the input will be stored in the input data V-memory location. If
Track and Hold minimum value is selected, the first input value less than or equal to full
scale will be read and maintained until a lower value is measured, or until Track and Hold
is reset. If maximum value is selected, the first input value greater than or equal to zero will
be read and maintained until a higher value is measured, or until Track and Hold is reset.

To reset Track and Hold, write a value of one to the Track and Hold selection high and low
bits. When Track and Hold is reset, the module will display the real-time input value. When
the selection is changed from reset to minimum value or maximum value, the input will
start over as described previously.
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Chapter 16: F2-8AD4DA-2, 8-Ch. In/ 4-Ch. Out Analog Voltage Combination

Track and Hold Example:

Number of Channels = 1 in, 1 out,

Data Format = binary in, binary out,

Input resolution = 16-bits,

Input/Output Range = 0-10 Vin, 0-10 V out,
Input Track and Hold = channel 1 reset.

| SPO ) .
| LD Rung 1, Module Configuration:
4{ [ K8181 Input: binary data format, 1 channel.
Output: binary data format, 1 channel.
ouT Module location: local base, slot 3.
| V7663 Input data 1st memory location: V2000.
Output data 1st memory location: V2020.
LDA Input resolution: 16 bit channel 1.
1 02000 Input/Output range: 0-10V in, 0-10V out.
Input Track and Hold: reset channel 1.
ouT
V7673
LDA
02020
ouT
V7703
LD
K2
ouT
V36403
LD
K101
ouT
V36413
LD
K3
ouT
| V36423
C1 LD C1 loads value of 2 (binary 10) into the Track and Hold Selection
—UV} K2 register. This sets input channel 1 for Track and Hold Maximum
Value. As the analog value varies, only a measured value higher than
ouT the previously stored value will be written to V2000.
| V36423
C3 . . .
LD C3 loads a value of 3 (binary 11) into the Track and Hold Selection
—U'} K3 register. This sets input channel 1 for Track and Hold Reset Value.
Real-time measured values will be written to V2000 until another
ouT Track and Hold Selection is made.
1 V36423
C5 . . i
LD C5 loads value of 1 (binary 01) into the Track and Hold Selection
—UV} K1 register. This sets input channel 1 for Track and Hold Minimum Value.
As the analog value varies, only a measured value lower than the
ouT previously stored stored will be written to V2000.
| 1 V36423
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- Chapter 16: F2-8AD4DA-2, 8-Ch. In/4-Ch. Out Analog Voltage Combination

Module 16-bit Output Resolution

Since the voltage output module has 16-bit resolution, 0-svnov _ 16f't Resolution
the analog signal is converted into 65536 (216) counts ovrov |
ranging from 0-65535. For example, a OV signal would \
be 0, and a full scale 5V or 10V signal would be 65535. o \
This is equivalent to a binary value of 0000 0000 0 65535
0000 0000 to 1111 1111 1111 1111, or 0000 to FFFF 16 Bit Resolution = H=L
hexadecimal. The diagram shows how this relates to 65535
the signal range. H = high limit of the signal range
Each count can also be expressed in terms of the L = low limit of the signal range
signal level by using the equation shown. 5V /65535 = 76 A per count
10V / 65535 = 152 YA per count

Digital and Analog Output Data Value

Conversion

Sometimes it is useful to be able to quickly convert between the signal levels and the
digital values. This is especially helpful during machine startup or troubleshooting. For
output ranges with a minimum value of zero, the table below provides formulas to make
this conversion easier.

A = (D)(Amax) / (Dmax) » A = analog current output value

D = (A)(Dmax) / (Amax) * Amax = maximum analog value
« D = digital value from PLC CPU
« Dmax = maximum digital value

; Output If the digital value is If the analog signal level is
——— known known.
16-bit 0-5V A= (D)(5) / 65535 D = (A)(65535) /5

0-65535 0-10V A= (D)(10) / 65535 D = (A)(65535) / 10
For example, if a 6V analog output signal with a 0-10 V D = (6) 65535
output range, the formula could be used to determine the 10
digital value (D) to be stored in the V-memory location that _
contains the output data. D= {6)6s535)

D=39321

Output Value Comparisons: Analog, Digital, Engineering Units

The table to the right shows how the
output analog, digital, and engineering Output Value Comparisons
unit values are related to each other. The

example is a measurement of pressure Analog Range Digital E.U.

from 0.0-140.0 psi, using a multiplier of 10 [0-5V 0-10V 16-bit

for one implied decimal place. 5 10 65535 1400
2.5 5 32768 700
0 0 0 0
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Chapter 16: F2-8AD4DA-2, 8-Ch. In/ 4-Ch. Out Analog Voltage Combination

Calculating the Digital Output Value

The value sent to the 16-bit analog output module must be Dpnax

in digital form. A very good method to do this is to convert D=EU (EUL-EU))
the value into engineering units. Use the formula shown on

the right to accomplish this. D = digital value
Adjustments to the formula may be needed depending on EU = engineering units

the scale chosen for the engineering units. T .
EUy = engineering unit range

Consider the following example which controls pressure high limit

from 0.0-140.0 psi. By using the formula, the digital value

can be determined that can be sent to the module. The

example shows the conversion required to yield 52.5

psi. Notice the formula divides by 10, because the BCD

representation of 52.5 includes a multiplier of 10 to allow for the implied decimal. The

division corrects for the multiplier.

EU| = engineering unit range
low limit

Calculating Output Data: Engineering Units Conversion

D = 10EU Dmax D = 52565535 D = 24576
10(EUH — EUL) 10(140)

The below example program

shows how to write the program to perform the engineering unit conversion to output the
16-bit data format of 0-65535. This example assumes that the engineering units have been
calculated or loaded, including a multiplier of 10, in BCD format and stored it in V2120 for

output channel 1.

Output Engineering Unit Conversion / Output Data Calculation Example:
Data format = binary,

Channel 1 data memory location = V2020,

Channel 1 engineering units = 0.0-140.0 psi,

SP1
| LD Load output channel data value into accumulator;
[ V2120 BCD EU value X 10 for implied decimal.
BIN Convert from BCD to binary data format.
Multiply by 65535;
MULB = .
KFFFF FFFF hex = 65535;

| 16 bit maximum digital value.

‘ Divide by 1400;

| pve 578 hex = 1400;
EU range X 10 for implied decimal.
ouT i ;
V2020 Store output digital value in V2020.
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.Appendix A: DL205 Discrete 1/0 Memory Map
Input (X) / Output (Y) Bit Map

This table provides a listing of the individual Input points associated with each V-memory
address bit for the various CPUs. The D2-250-1 ranges apply to the D2-250.

[J allQl
D 0, C 40, D D 60 and D 6 p

15 | 14 | 13 | 12 | 11 | 10 | 9 7 6 5 4 3 2 1 0
017 [ 016 | 015 [ 014 [ 013 | 012 | 011 | 010 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | 00O | V40400 | V40500

Addre Addre

© SHe

037 | 036 | 035 | 034 | 033 | 032 | 031 | 030 | 027 | 026 | 025 | 024 | 023 | 022 | 021 | 020 | V40401 | V40501

057 | 056 | 055 [ 054 | 053 | 052 | 051 | 050 | 047 | 046 | 045 | 044 | 043 | 042 | 041 | 040 | V40402 | V40502

077 | 076 | 075 | 074 | 073 | 072 | 071 | 070 | 067 | 066 | 065 | 064 | 063 | 062 | 061 | 060 | V40403 | V40503

M7 | 116 | 15 | 114 | 13 | 112 | 111 | 110 | 107 | 106 | 105 [ 104 | 103 | 102 | 101 | 100 | V40404 | V40504

137 | 136 | 135 | 134 | 133 | 132 | 131 | 130 | 127 | 126 | 125 | 124 | 123 | 122 | 121 | 120 | V40405 | V40505

157 | 156 | 155 | 154 | 153 | 152 | 151 | 150 | 147 | 146 | 145 | 144 | 143 | 142 | 141 | 140 | V40406 | V40506

77 | 176 | 175 | 174 | 173 | 172 | 171 | 170 | 167 | 166 | 165 | 164 | 163 | 162 [ 161 | 160 | V40407 | V40507

o and O o 0 0
) 40, D 0 ) 60 and D2 b =

217 | 216 | 215 | 214 | 213 | 212 | 211 | 210 | 207 | 206 | 205 | 204 | 203 | 202 | 201 | 200 | V40410 | V40510

237 | 236 | 235 | 234 | 233 | 232 | 231 | 230 | 227 | 226 | 225 | 224 | 223 | 222 | 221 | 220 | V40411 | V40511

257 | 256 | 255 | 254 | 253 | 252 | 251 | 250 | 247 | 246 | 245 | 244 | 243 | 242 | 241 | 240 | V40412 | V40512

277 | 276 | 275 | 274 | 273 | 272 | 271 | 270 | 267 | 266 | 265 | 264 | 263 | 262 | 261 | 260 | V40413 | V40513

317 | 316 | 315 | 314 | 313 | 312 | 311 | 310 | 307 | 306 | 305 | 304 | 303 | 302 | 301 | 300 | V40414 | V40514

337 | 336 | 335 | 334 | 333 | 332 | 331 | 330 | 327 | 326 | 325 | 324 | 323 | 322 | 321 | 320 | V40415 | V40515

357 | 356 | 355 | 354 | 353 | 352 | 351 | 350 | 347 | 346 | 345 | 344 | 343 | 342 | 341 | 340 | V40416 | V40516

377 | 376 | 375 | 374 | 373 | 372 | 371 | 370 | 367 | 366 | 365 | 364 | 363 | 362 | 361 | 360 | V40417 | V40517

417 | 416 | 415 | 414 | 413 | 412 | 411 | 410 | 407 | 406 | 405 | 404 | 403 | 402 | 401 | 400 | V40420 | V40520

437 | 436 | 435 | 434 | 433 | 432 | 431 | 430 | 427 | 426 | 425 | 424 | 423 | 422 | 421 | 420 | V40421 | V40521

457 | 456 | 455 | 454 | 453 | 452 | 451 | 450 | 447 | 446 | 445 | 444 | 443 | 442 | 441 | 440 | V40422 | V40522

AT7 | 476 | 475 | 474 | 473 | 472 | 471 | 470 | 467 | 466 | 465 | 464 | 463 | 462 | 461 | 460 | V40423 | V40523

Additional Input (X) and Output (Y) Points for
D2-250-1, D2-260, D2-262 CPUs

517 | 516 | 515 | 514 | 513 | 512 | 511 | 510 | 507 | 506 | 505 | 504 | 503 | 502 | 501 | 500 | V40424 | V40524

MSB LSB

537 | 536 | 535 | 534 | 533 | 632 | 531 | 530 | 527 | 526 | 525 | 524 | 523 | 522 | 521 | 520 | V40425 | V40525

557 | 556 | 555 | 554 | 553 | 552 | 551 | 550 | 547 | 546 | 545 | 544 | 543 | 542 | 541 | 540 | V40426 | V40526

577 | 576 | 575 | 574 | 573 | 572 | 571 | 570 | 567 | 566 | 565 | 564 | 563 | 562 | 561 | 560 | V40427 | V40527

617 | 616 | 615 | 614 | 613 | 612 | 611 | 610 | 607 | 606 | 605 | 604 | 603 | 602 | 601 | 600 | V40430 | V40530

637 | 636 | 635 | 634 | 633 | 632 | 631 | 630 | 627 | 626 | 625 | 624 | 623 | 622 | 621 | 620 | V40431 | V40531

657 | 656 | 655 | 654 | 653 | 652 | 651 | 650 | 647 | 646 | 645 | 644 | 643 | 642 | 641 | 640 | V40432 | V40532

677 | 676 | 675 | 674 | 673 | 672 | 671 | 670 | 667 | 666 | 665 | 664 | 663 | 662 | 661 | 660 | V40433 | V40533

M7 | 716 | 715 | 714 | 713 | 712 | 711 | 710 | 707 | 706 | 705 | 704 | 703 | 702 | 701 | 700 | V40434 | V40534

737 | 736 | 735 | 734 | 733 | 732 | 731 | 730 | 727 | 726 | 725 | 724 | 723 | 722 | 721 | 720 | V40435 | V40535

757 | 756 | 755 | 754 | 753 | 752 | 751 | 750 | TA7 | 746 | 745 | 744 | 743 | 742 | 741 | 740 | V40436 | V40536

777 | 776 | 775 | 774 | 773 | 772 | 771 | 770 | 767 | 766 | 765 | 764 | 763 | 762 | 761 | 760 | V40437 | V40537
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Appendix A: DL205 Discrete 1/0 Memory Map.

Input (X) / Output (Y) Bit Map, Continued

Additional Input (X) and Output (Y) Points for
D2-260 and D2-262 CPUs X Input Y Output

Address Address

1017 | 1016 | 1015 | 1014 | 1013 | 1012 | 1011 | 1010 | 1007 | 1006 | 1005 | 1004 | 1003 | 1002 | 1001 | 1000 | V40440 | V40540
1037 | 1036 | 1035 | 1034 | 1033 | 1032 | 1031 | 1030 | 1027 | 1026 | 1025 | 1024 | 1023 | 1022 | 1021 | 1020 | V40441 | V40541
1057 | 1056 | 1055 | 1054 | 1053 | 1052 | 1051 | 1050 | 1047 | 1046 | 1045 | 1044 | 1043 | 1042 | 1041 | 1040 | V40442 | V40542
1077 | 1076 | 1075 | 1074 | 1073 | 1072 | 1071 | 1070 | 1067 | 1066 | 1065 | 1064 | 1063 | 1062 | 1061 | 1060 | V40443 | V40543
M7 | 1116 | 115 | 1114 | 1113 | 1112 | 1111 | 1110 | 1107 | 1106 | 1105 | 1104 | 1103 | 1102 | 1101 | 1100 | V40444 | V40544
1137 | 1136 | 1135 | 1134 | 1133 | 1132 | 1131 | 1130 | 1127 | 1126 | 1125 | 1124 | 1123 | 1122 | 1121 | 1120 | V40445 | V40545
1167 | 1156 | 1155 | 1154 | 1153 | 1152 | 11561 | 1150 | 1147 | 1146 | 1145 | 1144 | 1143 | 1142 | 1141 | 1140 | V40446 | V40546
177 | 1176 | 1175 | 1174 | 1173 | 1172 | 1171 | 1170 | 1167 | 1166 | 1165 | 1164 | 1163 | 1162 | 1161 | 1160 | V40447 | V40547
1217 | 1216 | 1215 | 1214 | 1213 | 1212 | 1211 | 1210 | 1207 | 1206 | 1205 | 1204 | 1203 | 1202 | 1201 | 1200 | V40450 | V40550
1237 | 1236 | 1235 | 1234 | 1233 | 1232 | 1231 | 1230 | 1227 | 1226 | 1225 | 1224 | 1223 | 1222 | 1221 | 1220 | V40451 | V40551
1257 | 1256 | 1255 | 1254 | 1253 | 1252 | 1251 | 1250 | 1247 | 1246 | 1245 | 1244 | 1243 | 1242 | 1241 | 1240 | V40452 | V40552
1277 | 1276 | 1275 | 1274 | 1273 | 1272 | 1271 | 1270 | 1267 | 1266 | 1265 | 1264 | 1263 | 1262 | 1261 | 1260 | V40453 | V40553
1317 | 1316 | 1315 | 1314 | 1313 | 1312 | 1311 | 1310 | 1307 | 1306 | 1305 | 1304 | 1303 | 1302 | 1301 | 1300 | V40454 | V40554
1337 | 1336 | 1335 | 1334 | 1333 | 1332 | 1331 | 1330 | 1327 | 1326 | 1325 | 1324 | 1323 | 1322 | 1321 | 1320 | V40455 | V40555
1357 | 1356 | 1355 | 1354 | 1353 | 1352 | 1351 | 1350 | 1347 | 1346 | 1345 | 1344 | 1343 | 1342 | 1341 | 1340 | V40456 | V40556
1377 | 1376 | 1375 | 1374 | 1373 | 1372 | 1371 | 1370 | 1367 | 1366 | 1365 | 1364 | 1363 | 1362 | 1361 | 1360 | V40457 | V40557
1417 | 1416 | 1415 | 1414 | 1413 | 1412 | 1411 | 1410 | 1407 | 1406 | 1405 | 1404 | 1403 | 1402 | 1401 | 1400 | V40460 | V40560
1437 | 1436 | 1435 | 1434 | 1433 | 1432 | 1431 | 1430 | 1427 | 1426 | 1425 | 1424 | 1423 | 1422 | 1421 | 1420 | V40461 | V40561

1457 | 1456 | 1455 | 1454 | 1453 | 1452 | 1451 | 1450 | 1447 | 1446 | 1445 | 1444 | 1443 | 1442 | 1441 | 1440 | V40462 | V40562
1477 | 1476 | 1475 | 1474 | 1473 | 1472 | 1471 | 1470 | 1467 | 1466 | 1465 | 1464 | 1463 | 1462 | 1461 | 1460 | 40463 | V40563

1517 | 1516 | 1515 | 1514 | 1513 | 1512 | 1511 | 1510 | 1507 | 1506 | 1505 | 1504 | 1503 | 1502 | 1501 | 1500 | V40464 | V40564
1637 | 1636 | 1535 | 1534 | 1533 | 1632 | 1531 | 1530 | 1527 | 1626 | 1525 | 1524 | 1523 | 1622 | 1521 | 1520 | 40465 | V40565
1557 | 1556 | 1555 | 1554 | 1553 | 1552 | 1561 | 1560 | 1647 | 1546 | 1545 | 1544 | 1543 | 1542 | 1541 | 1540 | 40466 | V40566
1677 | 1676 | 1575 | 1574 | 1573 | 1672 | 1571 | 1570 | 1567 | 1566 | 1565 | 1564 | 1563 | 1662 | 1561 | 1560 | V40467 | V40567
1617 | 1616 | 1615 | 1614 | 1613 | 1612 | 1611 | 1610 | 1607 | 1606 | 1605 | 1604 | 1603 | 1602 | 1601 | 1600 | V40470 | V40570
1637 | 1636 | 1635 | 1634 | 1633 | 1632 | 1631 | 1630 | 1627 | 1626 | 1625 | 1624 | 1623 | 1622 | 1621 | 1620 | 40471 | V40571
1657 | 1656 | 1655 | 1654 | 1653 | 1652 | 1651 | 1650 | 1647 | 1646 | 1645 | 1644 | 1643 | 1642 | 1641 | 1640 | v40472 | V40572
1677 | 1676 | 1675 | 1674 | 1673 | 1672 | 1671 | 1670 | 1667 | 1666 | 1665 | 1664 | 1663 | 1662 | 1661 | 1660 | V40473 | V40573
1747 [ 1716 | 1715 | 1714 | 1743 | 1712 | 1711 | 1710 | 1707 | 1706 | 1705 | 1704 | 1703 | 1702 | 1701 | 1700 | 40474 | V40574
1737 [ 1736 | 1735 | 1734 | 1733 | 1732 | 1731 | 1730 | 1727 | 1726 | 1725 | 1724 | 1723 | 1722 | 1721 | 1720 | 40475 | V40575
1757 | 1756 | 1755 | 1754 | 1753 | 1752 | 1751 | 1750 | 1747 | 1746 | 1745 | 1744 | 1743 | 1742 | 1741 | 1740 | 40476 | V40576
1777 [ 1776 | 1775 | 1774 | 1773 | 1772 | 1771 | 1770 | 1767 | 1766 | 1765 | 1764 | 1763 | 1762 | 1761 | 1760 | 40477 | V40577
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.Appendix A: DL205 Discrete 1/0 Memory Map

Control Relay Bit Map

This table provides a listing of the individual control relays associated with each V-memory
address bit.

Control Relays (C) for D2-230, D2-240, D2-250-1, D2-260 and D2-262

15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0

017 | 016 | 015 | 014 | 013 | 012 | 011 | 010 | 007 | 006 | 005 | 004 | 003 | 002 | 0O1 | 00O | V40600
037 | 036 | 035 | 034 | 033 | 032 | 031 | 030 | 027 | 026 | 025 | 024 | 023 | 022 | 021 | 020 | V40601
057 | 056 | 055 | 054 | 053 | 052 | 051 | 050 | 047 | 046 | 045 | 044 | 043 | 042 | 041 | 040 | V40602
077 | 076 | 075 | 074 | 073 | 072 | 071 | 070 | 067 | 066 | 065 | 064 | 063 | 062 | 061 | 060 | V40603
"7 | 116 | 15| 114 | 113 | 112 | 11 | 110 | 107 | 106 | 105 | 104 | 103 | 102 | 101 | 100 | V40604
137 | 136 | 135 | 134 | 133 | 132 | 131 | 130 | 127 | 126 | 125 | 124 | 123 | 122 | 121 | 120 | V40605
157 | 156 | 155 | 154 | 153 | 152 | 151 | 150 | 147 | 146 | 145 | 144 | 143 | 142 | 141 | 140 | V40606
177 | 176 | 175 | 174 | 173 | 172 | 171 | 170 | 167 | 166 | 165 | 164 | 163 | 162 | 161 | 160 | V40607
217 | 216 | 215 | 214 | 213 | 212 | 211 | 210 | 207 | 206 | 205 | 204 | 203 | 202 | 201 | 200 | V40610
237 | 236 | 235 | 234 | 233 | 232 | 231 | 230 | 227 | 226 | 225 | 224 | 223 | 222 | 221 | 220 | V40611
257 | 256 | 265 | 254 | 253 | 252 | 251 | 250 | 247 | 246 | 245 | 244 | 243 | 242 | 241 | 240 | V40612
277 | 276 | 275 | 274 | 273 | 272 | 271 | 270 | 267 | 266 | 265 | 264 | 263 | 262 | 261 | 260 | V40613
317 | 316 | 315 | 314 | 313 | 312 | 311 | 310 | 307 | 306 | 305 | 304 | 303 | 302 | 301 | 300 | V40614
337 | 336 | 335 | 334 | 333 | 332 | 331 | 330 | 327 | 326 | 325 | 324 | 323 | 322 | 321 | 320 | V40615
357 | 356 | 355 | 354 | 353 | 352 | 351 | 350 | 347 | 346 | 345 | 344 | 343 | 342 | 341 | 340 | V40616
377 | 376 | 375 | 374 | 373 | 372 | 371 | 370 | 367 | 366 | 365 | 364 | 363 | 362 | 361 | 360 | V40617

MSB Additional Control Relays (C) for D2-250-1, D2-260 and D2-262 LSB Address
417 | 416 | 415 | 414 | 413 | 412 | 411 | 410 | 407 | 406 | 405 | 404 | 403 | 402 | 401 | 400 | V40620

437 | 436 | 435 | 434 | 433 | 432 | 431 | 430 | 427 | 426 | 425 | 424 | 423 | 422 | 421 | 420 | V40621

457 | 456 | 455 | 454 | 453 | 452 | 451 | 450 | 447 | 446 | 445 | 444 | 443 | 442 | 441 | 440 | V40622

477 | 476 | 475 | 4T4 | 4T3 | 472 | 471 | 470 | 467 | 466 | 465 | 464 | 463 | 462 | 461 | 460 | V40623

517 | 516 | 515 | 514 | 513 | 512 | 511 | 510 | 507 | 506 | 505 | 504 | 503 | 502 | 501 | 500 | V40624

537 | 536 | 535 | 534 | 533 | 532 | 531 | 530 | 527 | 526 | 525 | 524 | 523 | 522 | 521 | 520 | V40625
557 | 556 | 555 | 554 | 553 | 552 | 551 | 550 | 547 | 546 | 545 | 544 | 543 | 542 | 541 | 540 | V40626
577 | 576 | 575 | 574 | 573 | 572 | 571 | 570 | 567 | 566 | 565 | 564 | 563 | 562 | 561 | 560 | V40627
617 | 616 | 615 | 614 | 613 | 612 | 611 | 610 | 607 | 606 | 605 | 604 | 603 | 602 | 601 | 600 | V40630
637 | 636 | 635 | 634 | 633 | 632 | 631 | 630 | 627 | 626 | 625 | 624 | 623 | 622 | 621 | 620 | V40631
657 | 656 | 655 | 654 | 653 | 652 | 651 | 650 | 647 | 646 | 645 | 644 | 643 | 642 | 641 | 640 | V40632
677 | 676 | 675 | 674 | 673 | 672 | 671 | 670 | 667 | 666 | 665 | 664 | 663 | 662 | 661 | 660 | V40633
M7 | 716 | 715 | 714 | 713 | 712 | 711 | 710 | 707 | 706 | 705 | 704 | 703 | 702 | 701 | 700 | V40634
737 | 736 | 735 | 734 | 733 | 732 | 731 | 730 | 727 | 726 | 725 | 724 | 723 | 722 | 721 | 720 | V40635
757 | 756 | 755 | 754 | 753 | 752 | 751 | 750 | TA7 | 746 | 745 | 744 | 743 | 742 | 741 | 740 | V40636
777 | 716 | 775 | 774 | 773 | 772 | 771 | 770 | 767 | 766 | 765 | 764 | 763 | 762 | 761 | 760 | V40637
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Appendix A: DL205 Discrete 1/0 Memory Map.

Control Relay Bit Map, Continued

MSB Additional Control Relays (C) for D2-250-1, D2-260 and D2-262 LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
1017 | 1016 | 1015 | 1014 | 1013 | 1012 | 1011 | 1010 | 1007 | 1006 | 1005 | 1004 | 1003 | 1002 | 1001 | 1000 | V40640
1037 | 1036 | 1035 | 1034 | 1033 | 1032 | 1031 | 1030 | 1027 | 1026 | 1025 | 1024 | 1023 | 1022 | 1021 | 1020 | V40641
1057 | 1056 | 1055 | 1054 | 1053 | 1052 | 1051 | 1050 | 1047 | 1046 | 1045 | 1044 | 1043 | 1042 | 1041 | 1040 | V40642
1077 | 1076 | 1075 | 1074 | 1073 | 1072 | 1071 | 1070 | 1067 | 1066 | 1065 | 1064 | 1063 | 1062 | 1061 | 1060 | V40643
117 | 1116 | 1115 | 1114 | 1113 | 1112 | 1111 | 1110 | 1107 | 1106 | 1105 | 1104 | 1103 | 1102 | 1101 | 1100 | V40644
1137 | 1136 | 1135 | 1134 | 1133 | 1132 | 1131 | 1130 | 1127 | 1126 | 1125 | 1124 | 1123 | 1122 | 1121 | 1120 | V40645
1157 | 1156 | 1155 | 1154 | 1153 | 1152 | 1151 | 1150 | 1147 | 1146 | 1145 | 1144 | 1143 | 1142 | 1141 | 1140 | V40646
177 | 1176 | 1175 | 174 | 1173 | 1172 | 1171 | 1170 | 1167 | 1166 | 1165 | 1164 | 1163 | 1162 | 1161 | 1160 | V40647
1217 | 1216 | 1215 | 1214 | 1213 | 1212 | 1211 | 1210 | 1207 | 1206 | 1205 | 1204 | 1203 | 1202 | 1201 | 1200 | V40650
1237 | 1236 | 1235 | 1234 | 1233 | 1232 | 1231 | 1230 | 1227 | 1226 | 1225 | 1224 | 1223 | 1222 | 1221 | 1220 | V40651
1257 | 1256 | 1255 | 1254 | 1253 | 1252 | 1251 | 1250 | 1247 | 1246 | 1245 | 1244 | 1243 | 1242 | 1241 | 1240 | V40652
1277 | 1276 | 1275 | 1274 | 1273 | 1272 | 1271 | 1270 | 1267 | 1266 | 1265 | 1264 | 1263 | 1262 | 1261 | 1260 | V40653
1317 | 1316 | 1315 | 1314 | 1313 | 1312 | 1311 | 1310 | 1307 | 1306 | 1305 | 1304 | 1303 | 1302 | 1301 | 1300 | V40654
1337 | 1336 | 1335 | 1334 | 1333 | 1332 | 1331 | 1330 | 1327 | 1326 | 1325 | 1324 | 1323 | 1322 | 1321 | 1320 | V40655
1357 | 1356 | 1355 | 1354 | 1353 | 1352 | 1351 | 1350 | 1347 | 1346 | 1345 | 1344 | 1343 | 1342 | 1341 | 1340 | V40656
1377 | 1376 | 1375 | 1374 | 1373 | 1372 | 1371 | 1370 | 1367 | 1366 | 1365 | 1364 | 1363 | 1362 | 1361 | 1360 | V40657
1417 | 1416 | 1415 | 1414 | 1413 | 1412 | 1411 | 1410 | 1407 | 1406 | 1405 | 1404 | 1403 | 1402 | 1401 | 1400 | V40660
1437 | 1436 | 1435 | 1434 | 1433 | 1432 | 1431 | 1430 | 1427 | 1426 | 1425 | 1424 | 1423 | 1422 | 1421 | 1420 | V40661
1457 | 1456 | 1455 | 1454 | 1453 | 1452 | 1451 | 1450 | 1447 | 1446 | 1445 | 1444 | 1443 | 1442 | 1441 | 1440 | V40662
1477 | 1476 | 1475 | 1474 | 1473 | 1472 | 1471 | 1470 | 1467 | 1466 | 1465 | 1464 | 1463 | 1462 | 1461 | 1460 | V40663
1517 | 1516 | 1515 | 1514 | 1513 | 1512 | 1511 | 1510 | 1507 | 1506 | 1505 | 1504 | 1503 | 1502 | 1501 | 1500 | V40664
1537 | 1536 | 1535 | 1534 | 1533 | 1532 | 1531 | 1530 | 1527 | 1526 | 1525 | 1524 | 1523 | 1522 | 1521 | 1520 | V40665
1557 | 1556 | 1555 | 1554 | 1553 | 1552 | 1551 | 1550 | 1547 | 1546 | 1545 | 1544 | 1543 | 1542 | 1541 | 1540 | V40666
1577 | 1576 | 1575 | 1574 | 1573 | 1572 | 1571 | 1570 | 1567 | 1566 | 1565 | 1564 | 1563 | 1562 | 1561 | 1560 | V40667
1617 | 1616 | 1615 | 1614 | 1613 | 1612 | 1611 | 1610 | 1607 | 1606 | 1605 | 1604 | 1603 | 1602 | 1601 | 1600 | V40670
1637 | 1636 | 1635 | 1634 | 1633 | 1632 | 1631 | 1630 | 1627 | 1626 | 1625 | 1624 | 1623 | 1622 | 1621 | 1620 | V40671
1657 | 1656 | 1655 | 1654 | 1653 | 1652 | 1651 | 1650 | 1647 | 1646 | 1645 | 1644 | 1643 | 1642 | 1641 | 1640 | V40672
1677 | 1676 | 1675 | 1674 | 1673 | 1672 | 1671 | 1670 | 1667 | 1666 | 1665 | 1664 | 1663 | 1662 | 1661 | 1660 | V40673
1717 | 1716 | 1715 | 1714 | 1713 | 1712 | 1711 | 1710 | 1707 | 1706 | 1705 | 1704 | 1703 | 1702 | 1701 | 1700 | V40674
1737 | 1736 | 1735 | 1734 | 1733 | 1732 | 1731 | 1730 | 1727 | 1726 | 1725 | 1724 | 1723 | 1722 | 1721 | 1720 | V40675
1757 | 1756 | 1755 | 1754 | 1753 | 1752 | 1751 | 1750 | 1747 | 1746 | 1745 | 1744 | 1743 | 1742 | 1741 | 1740 | V40676
1777 | 1776 | 1775 | 1774 | 1773 | 1772 | 1771 | 1770 | 1767 | 1766 | 1765 | 1764 | 1763 | 1762 | 1761 | 1760 | V40677
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.Appendix A: DL205 Discrete 1/0 Memory Map

Control Relay Bit Map, Continued

This portion of the table shows additional Control Relays points available with the D2-260
and D2-262.

MSB Additional Control Relays (C) for D2-260 and D2-262 CPUs LSB Address
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
2017 | 2016 | 2015 | 2014 | 2013 | 2012 | 2011 | 2010 | 2007 | 2006 | 2005 | 2004 | 2003 | 2002 | 2001 | 2000 | V40700

2037 | 2036 | 2035 | 2034 | 2033 | 2032 | 2031 | 2030 | 2027 | 2026 | 2025 | 2024 | 2023 | 2022 | 2021 | 2020 | V40701

2057 | 2056 | 2055 | 2054 | 2053 | 2052 | 2051 | 2050 | 2047 | 2046 | 2045 | 2044 | 2043 | 2042 | 2041 | 2040 | V40702

2077 | 2076 | 2075 | 2074 | 2073 | 2072 | 2071 | 2070 | 2067 | 2066 | 2065 | 2064 | 2063 | 2062 | 2061 | 2060 | V40703

2117 | 2116 | 2115 | 2114 | 2113 | 2112 | 2111 | 2110 | 2107 | 2106 | 2105 | 2104 | 2103 | 2102 | 2101 | 2100 | V40704

2137 | 2136 | 2135 | 2134 | 2133 | 2132 | 2131 | 2130 | 2127 | 2126 | 2125 | 2124 | 2123 | 2122 | 2121 | 2120 | V40705

2157 | 2156 | 2155 | 2154 | 21563 | 2152 | 2151 | 2150 | 2147 | 2146 | 2145 | 2144 | 2143 | 2142 | 2141 | 2140 | V40706

2177 | 2176 | 2175 | 2174 | 2173 | 2172 | 2171 | 2170 | 2167 | 2166 | 2165 | 2164 | 2163 | 2162 | 2161 | 2160 | V40707

2217 | 2216 | 2215 | 2214 | 2213 | 2212 | 2211 | 2210 | 2207 | 2206 | 2205 | 2204 | 2203 | 2202 | 2201 | 2200 | V40710

2237 | 2236 | 2235 | 2234 | 2233 | 2232 | 2231 | 2230 | 2227 | 2226 | 2225 | 2224 | 2223 | 2222 | 2221 | 2220 | V40711

2257 | 2256 | 2255 | 2254 | 2253 | 2252 | 2251 | 2250 | 2247 | 2246 | 2245 | 2244 | 2243 | 2242 | 2241 | 2240 | V40712

2277 | 2276 | 2275 | 2274 | 2273 | 2272 | 2271 | 2270 | 2267 | 2266 | 2265 | 2264 | 2263 | 2262 | 2261 | 2260 | V40713

2317 | 2316 | 2315 | 2314 | 2313 | 2312 | 2311 | 2310 | 2307 | 2306 | 2305 | 2304 | 2303 | 2302 | 2301 | 2300 | V40714

2337 | 2336 | 2335 | 2334 | 2333 | 2332 | 2331 | 2330 | 2327 | 2326 | 2325 | 2324 | 2323 | 2322 | 2321 | 2320 | V40715

2357 | 2356 | 2355 | 2354 | 2353 | 2352 | 2351 | 2350 | 2347 | 2346 | 2345 | 2344 | 2343 | 2342 | 2341 | 2340 | V40716

2377 | 2376 | 2375 | 2374 | 2373 | 2372 | 2371 | 2370 | 2367 | 2366 | 2365 | 2364 | 2363 | 2362 | 2361 | 2360 | V40717

2417 | 2416 | 2415 | 2414 | 2413 | 2412 | 2411 | 2410 | 2407 | 2406 | 2405 | 2404 | 2403 | 2402 | 2401 | 2400 | V40720

2437 | 2436 | 2435 | 2434 | 2433 | 2432 | 2431 | 2430 | 2427 | 2426 | 2425 | 2424 | 2423 | 2422 | 2421 | 2420 | V40721

2457 | 2456 | 2455 | 2454 | 2453 | 2452 | 2451 | 2450 | 2447 | 2446 | 2445 | 2444 | 2443 | 2442 | 2441 | 2440 | V40722

2477 | 2476 | 2475 | 2474 | 2473 | 2472 | 2471 | 2470 | 2467 | 2466 | 2465 | 2464 | 2463 | 2462 | 2461 | 2460 | V40723

2617 | 2516 | 2515 | 2514 | 2613 | 2512 | 2511 | 2510 | 2507 | 2506 | 2505 | 2504 | 2503 | 2502 | 2501 | 2500 | V40724

2537 | 2536 | 2535 | 2534 | 2533 | 2532 | 2531 | 2630 | 2527 | 2526 | 2525 | 2524 | 2523 | 2522 | 2521 | 2520 | V40725

2557 | 2556 | 2555 | 2554 | 2653 | 2552 | 2551 | 2550 | 2547 | 2546 | 2545 | 2544 | 2543 | 2542 | 2541 | 2540 | V40726

2577 | 2576 | 2575 | 2574 | 2573 | 2572 | 2571 | 2570 | 2567 | 2566 | 2565 | 2564 | 2563 | 2562 | 2561 | 2560 | V40727

2617 | 2616 | 2615 | 2614 | 2613 | 2612 | 2611 | 2610 | 2607 | 2606 | 2605 | 2604 | 2603 | 2602 | 2601 | 2600 | V40730

2637 | 2636 | 2635 | 2634 | 2633 | 2632 | 2631 | 2630 | 2627 | 2626 | 2625 | 2624 | 2623 | 2622 | 2621 | 2620 | V40731

2657 | 2656 | 2655 | 2654 | 2653 | 2652 | 2651 | 2650 | 2647 | 2646 | 2645 | 2644 | 2643 | 2642 | 2641 | 2640 | V40732

2677 | 2676 | 2675 | 2674 | 2673 | 2672 | 2671 | 2670 | 2667 | 2666 | 2665 | 2664 | 2663 | 2662 | 2661 | 2660 | V40733

2717 | 2716 | 2715 | 2714 | 2713 | 2712 | 2711 | 2710 | 2707 | 2706 | 2705 | 2704 | 2703 | 2702 | 2701 | 2700 | V40734

2737 | 2736 | 2735 | 2734 | 2733 | 2732 | 2731 | 2730 | 2727 | 2726 | 2725 | 2724 | 2723 | 2722 | 2721 | 2720 | V40735

2757 | 2756 | 2755 | 2754 | 2753 | 2752 | 2751 | 2750 | 2747 | 2746 | 2745 | 2744 | 2743 | 2742 | 2741 | 2740 | V40736

2777 | 2776 | 2775 | 2774 | 2773 | 2772 | 2771 | 2770 | 2767 | 2766 | 2765 | 2764 | 2763 | 2762 | 2761 | 2760 | V40737
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Appendix A: DL205 Discrete 1/0 Memory Map.

Control Relay Bit Map, Continued

Additional Control Relays (C) for D2-260 and D2-262 CPUs

Address
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 b 4 8 2 1 0

3017 | 3016 | 3015 | 3014 | 3013 | 3012 | 3011 | 3010 | 3007 | 3006 | 3005 | 3004 | 3003 | 3002 | 3001 | 3000 | V40740
3037 | 3036 | 3035 | 3034 | 3033 | 3032 | 3031 | 3030 | 3027 | 3026 | 3025 | 3024 | 3023 | 3022 | 3021 | 3020 | V40741
3057 | 3056 | 3055 | 3054 | 3053 | 3052 | 3051 | 3050 | 3047 | 3046 | 3045 | 3044 | 3043 | 3042 | 3041 | 3040 | V40742
3077 | 3076 | 3075 | 3074 | 3073 | 3072 | 3071 | 3070 | 3067 | 3066 | 3065 | 3064 | 3063 | 3062 | 3061 | 3060 | V40743
3117 | 3116 | 3115 | 3114 | 3113 | 3112 | 3111 | 3110 | 3107 | 3106 | 3105 | 3104 | 3103 | 3102 | 3101 | 3100 | V40744
3137 | 3136 | 3135 | 3134 | 3133 | 3132 | 3131 | 3130 | 3127 | 3126 | 3125 | 3124 | 3123 | 3122 | 3121 | 3120 | V40745
3157 | 3156 | 3155 | 3154 | 3153 | 3152 | 3151 | 3150 | 3147 | 3146 | 3145 | 3144 | 3143 | 3142 | 3141 | 3140 | V40746
3177 | 3176 | 3175 | 3174 | 3173 | 3172 | 3171 | 3170 | 3167 | 3166 | 3165 | 3164 | 3163 | 3162 | 3161 | 3160 | V40747
3217 | 3216 | 3215 | 3214 | 3213 | 3212 | 3211 | 3210 | 3207 | 3206 | 3205 | 3204 | 3203 | 3202 | 3201 | 3200 | V40750
3237 | 3236 | 3235 | 3234 | 3233 | 3232 | 3231 | 3230 | 3227 | 3226 | 3225 | 3224 | 3223 | 3222 | 3221 | 3220 | V40751
3257 | 3256 | 3255 | 3254 | 3253 | 3252 | 3251 | 3250 | 3247 | 3246 | 3245 | 3244 | 3243 | 3242 | 3241 | 3240 | V40752
3277 | 3276 | 3275 | 3274 | 3273 | 3272 | 3271 | 3270 | 3267 | 3266 | 3265 | 3264 | 3263 | 3262 | 3261 | 3260 | V40753
3317 | 3316 | 3315 | 3314 | 3313 | 3312 | 3311 | 3310 | 3307 | 3306 | 3305 | 3304 | 3303 | 3302 | 3301 | 3300 | V40754
3337 | 3336 | 3335 | 3334 | 3333 | 3332 | 3331 | 3330 | 3327 | 3326 | 3325 | 3324 | 3323 | 3322 | 3321 | 3320 | V40755
3357 | 3356 | 3355 | 3354 | 3353 | 3352 | 3351 | 3350 | 3347 | 3346 | 3345 | 3344 | 3343 | 3342 | 3341 | 3340 | V40756
3377 | 3376 | 3375 | 3374 | 3373 | 3372 | 3371 | 3370 | 3367 | 3366 | 3365 | 3364 | 3363 | 3362 | 3361 | 3360 | V40757
3417 | 3416 | 3415 | 3414 | 3413 | 3412 | 3411 | 3410 | 3407 | 3406 | 3405 | 3404 | 3403 | 3402 | 3401 | 3400 | V40760
3437 | 3436 | 3435 | 3434 | 3433 | 3432 | 3431 | 3430 | 3427 | 3426 | 3425 | 3424 | 3423 | 3422 | 3421 | 3420 | V40761
3457 | 3456 | 3455 | 3454 | 3453 | 3452 | 3451 | 3450 | 3447 | 3446 | 3445 | 3444 | 3443 | 3442 | 3441 | 3440 | V40762
3477 | 3476 | 3475 | 3474 | 3473 | 3472 | 3471 | 3470 | 3467 | 3466 | 3465 | 3464 | 3463 | 3462 | 3461 | 3460 | V40763
3517 | 3516 | 3515 | 3514 | 3513 | 3512 | 3511 | 3510 | 3507 | 3506 | 3505 | 3504 | 3503 | 3502 | 3501 | 3500 | V40764
3537 | 3536 | 3535 | 3534 | 3533 | 3532 | 3531 | 3530 | 3527 | 3526 | 3525 | 3524 | 3523 | 3522 | 3521 | 3520 | V40765
3557 | 3556 | 3555 | 3554 | 3553 | 3552 | 3551 | 3550 | 3547 | 3546 | 3545 | 3544 | 3543 | 3542 | 3541 | 3540 | V40766
3577 | 3576 | 3575 | 3574 | 3573 | 3572 | 3571 | 3570 | 3567 | 3566 | 3565 | 3564 | 3563 | 3562 | 3561 | 3560 | V40767
3617 | 3616 | 3615 | 3614 | 3613 | 3612 | 3611 | 3610 | 3607 | 3606 | 3605 | 3604 | 3603 | 3602 | 3601 | 3600 | V40770
3637 | 3636 | 3635 | 3634 | 3633 | 3632 | 3631 | 3630 | 3627 | 3626 | 3625 | 3624 | 3623 | 3622 | 3621 | 3620 | V40771
3657 | 3656 | 3655 | 3654 | 3653 | 3652 | 3651 | 3650 | 3647 | 3646 | 3645 | 3644 | 3643 | 3642 | 3641 | 3640 | V40772
3677 | 3676 | 3675 | 3674 | 3673 | 3672 | 3671 | 3670 | 3667 | 3666 | 3665 | 3664 | 3663 | 3662 | 3661 | 3660 | V40773
3717 | 3716 | 3715 | 3714 | 3713 | 3712 | 3711 | 3710 | 3707 | 3706 | 3705 | 3704 | 3703 | 3702 | 3701 | 3700 | V40774
3737 | 3736 | 3735 | 3734 | 3733 | 3732 | 3731 | 3730 | 3727 | 3726 | 3725 | 3724 | 3723 | 3722 | 3721 | 3720 | V40775
3757 | 3756 | 3755 | 3754 | 3753 | 3752 | 3751 | 3750 | 3747 | 3746 | 3745 | 3744 | 3743 | 3742 | 3741 | 3740 | V40776
3777 | 3776 | 3775 | 3774 | 3773 | 3772 | 3771 | 3770 | 3767 | 3766 | 3765 | 3764 | 3763 | 3762 | 3761 | 3760 | V40777
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.Appendix A: DL205 Discrete 1/0 Memory Map

Remote I/0 Bit Map (D2-260 and D2-262 only)

This table provides a listing of the individual remote I/O points associated with each
V-memory address bit.

MSB Remote 1/O (GX) and (GY) Points for D2-260 and D2-262 CPUs LSB GX GY
15 | 14 | 13 | 12 | 11 |10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 [GEllCEilllCEs
017 | 016 | 015 | 014 | 013 | 012 | 011 | 010 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | 000 | V40000 | V40200

037 | 036 | 035 | 034 | 033 | 032 | 031 | 030 | 027 | 026 | 025 | 024 | 023 | 022 | 021 | 020 | V40001 | V40201

057 | 056 | 055 | 054 | 053 | 052 | 051 | 050 | 047 | 046 | 045 | 044 | 043 | 042 | 041 | 040 | V40002 | V40202

077 | 076 | 075 | 074 | 073 | 072 | 071 | 070 | 067 | 066 | 065 | 064 | 063 | 062 | 061 | 060 | V40003 | V40203

M7 |16 | 15 | 14 | 13 | 12 | 111 | 110 | 107 | 106 | 105 | 104 | 103 | 102 | 101 | 100 | V40004 | V40204

137 | 136 | 135 | 134 | 133 | 132 | 131 | 130 | 127 | 126 | 125 | 124 | 123 | 122 | 121 | 120 | V40005 | V40205

157 | 156 | 155 | 154 | 153 | 152 | 151 | 150 | 147 | 146 | 145 | 144 | 143 | 142 | 141 | 140 | V40006 | V40206

177 | 176 | 175 | 174 | 173 | 172 | 171 | 170 | 167 | 166 | 165 | 164 | 163 | 162 | 161 | 160 | V40007 | V40207

27 | 216 | 215 | 214 | 213 | 212 | 211 | 210 | 207 | 206 | 205 | 204 | 203 | 202 | 201 | 200 | V40010 | V40210

237 | 236 | 235 | 234 | 233 | 232 | 231 | 230 | 227 | 226 | 225 | 224 | 223 | 222 | 221 | 220 | V40011 | V40211

257 | 256 | 255 | 254 | 253 | 252 | 251 | 250 | 247 | 246 | 245 | 244 | 243 | 242 | 241 | 240 | V40012 | V40212

277 | 276 | 275 | 274 | 273 | 272 | 271 | 270 | 267 | 266 | 265 | 264 | 263 | 262 | 261 | 260 | V40013 | V40213

317 | 316 | 315 | 314 | 313 | 312 | 311 | 310 | 307 | 306 | 305 | 304 | 303 | 302 | 301 | 300 | V40014 | V40214

337 | 336 | 335 | 334 | 333 | 332 | 331 | 330 | 327 | 326 | 325 | 324 | 323 | 322 | 321 | 320 | V40015 | V40215

357 | 356 | 355 | 354 | 353 | 362 | 351 | 350 | 347 | 346 | 345 | 344 | 343 | 342 | 341 | 340 | V40016 | V40216

377 | 376 | 375 | 374 | 373 | 372 | 371 | 370 | 367 | 366 | 365 | 364 | 363 | 362 | 361 | 360 | V40017 | V40217

417 | 416 | 415 | 414 | 413 | 412 | 411 | 410 | 407 | 406 | 405 | 404 | 403 | 402 | 401 | 400 | V40020 | V40220

437 | 436 | 435 | 434 | 433 | 432 | 431 | 430 | 427 | 426 | 425 | 424 | 423 | 422 | 421 | 420 | V40021 | V40221

457 | 456 | 455 | 454 | 453 | 452 | 451 | 450 | 447 | 446 | 445 | 444 | 443 | 442 | 441 | 440 | V40022 | V40222

AT7 | 476 | 475 | 474 | 473 | 472 | 471 | 470 | 467 | 466 | 465 | 464 | 463 | 462 | 461 | 460 | V40023 | V40223

517 | 516 | 515 | 514 | 513 | 512 | 511 | 510 | 507 | 506 | 505 | 504 | 503 | 502 | 501 | 500 | V40024 | V40224

537 | 536 | 535 | 534 | 533 | 532 | 531 | 530 | 527 | 526 | 525 | 524 | 523 | 522 | 521 | 520 | V40025 | V40225

557 | 556 | 555 | 554 | 553 | 552 | 551 | 550 | 547 | 546 | 545 | 544 | 543 | 542 | 541 | 540 | V40026 | V40226

577 | 576 | 575 | 574 | 573 | 572 | 571 | 570 | 567 | 566 | 565 | 564 | 563 | 562 | 561 | 560 | V40027 | V40227

617 | 616 | 615 | 614 | 613 | 612 | 611 | 610 | 607 | 606 | 605 | 604 | 603 | 602 | 601 | 600 | V40030 | V40230

637 | 636 | 635 | 634 | 633 | 632 | 631 | 630 | 627 | 626 | 625 | 624 | 623 | 622 | 621 | 620 | V40031 | V40231

657 | 656 | 655 | 654 | 653 | 652 | 651 | 650 | 647 | 646 | 645 | 644 | 643 | 642 | 641 | 640 | V40032 | V40232

677 | 676 | 675 | 674 | 673 | 672 | 671 | 670 | 667 | 666 | 665 | 664 | 663 | 662 | 661 | 660 | V40033 | V40233

M7 | 716 | 715 | 74 | 713 | 712 | 711 | 710 | 707 | 706 | 705 | 704 | 703 | 702 | 701 | 700 | V40034 | V40234

737 | 736 | 735 | 734 | 733 | 732 | 731 | 730 | 727 | 726 | 725 | 724 | 723 | 722 | 721 | 720 | V40035 | V40235

757 | 756 | 755 | 754 | 753 | 752 | 751 | 750 | 747 | 746 | 745 | 744 | 743 | 742 | 741 | 740 | V40036 | V40236

777 | 776 | 775 | 774 | 773 | 772 | 771 | 770 | 767 | 766 | 765 | 764 | 763 | 762 | 761 | 760 | V40037 | V40237
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Appendix A: DL205 Discrete 1/0 Memory Map.

Remote I/0 Bit Map
(D2-260 and D2-262 only), Continued

MSB Additional Remote 1/O (GX) and (GY) Points for D2-260 and D2-262 CPUs GX GY

Address Address

1017 | 1016 | 1015 | 1014 | 1013 | 1012 | 1011 | 1010 | 1007 | 1006 | 1005 | 1004 | 1003 | 1002 | 1001 | 1000 | V40040 | V40240

1037 | 1036 | 1035 | 1034 | 1033 | 1032 | 1031 | 1030 | 1027 | 1026 | 1025 | 1024 | 1023 | 1022 | 1021 | 1020 | V40041 | V40241

1057 | 1056 | 1055 | 1054 | 1053 | 1052 | 1051 | 1050 | 1047 | 1046 | 1045 | 1044 | 1043 | 1042 | 1041 | 1040 | V40042 | V40242

1077 | 1076 | 1075 | 1074 | 1073 | 1072 | 1071 | 1070 | 1067 | 1066 | 1065 | 1064 | 1063 | 1062 | 1061 | 1060 | V40043 | V40243

M7 | 116 | 115 | 1114 | 1113 | 1112 | 1111 | 1110 | 1107 | 1106 | 1105 | 1104 | 1103 | 1102 | 1101 | 1100 | V40044 | V40244

1137 | 1136 | 1135 | 1134 | 1133 | 1132 | 1131 | 1130 | 1127 | 1126 | 1125 | 1124 | 1123 | 1122 | 1121 | 1120 | V40045 | V40245

1157 | 1156 | 1155 | 1154 | 1153 | 1152 | 1151 | 1150 | 1147 | 1146 | 1145 | 1144 | 1143 | 1142 | 1141 | 1140 | V40046 | V40246

177 | 1176 | 1175 | 1174 | 1173 | 1172 | 1171 | 1170 | 1167 | 1166 | 1165 | 1164 | 1163 | 1162 | 1161 | 1160 | V40047 | V40247

1217 | 1216 | 1215 | 1214 | 1213 | 1212 | 1211 | 1210 | 1207 | 1206 | 1205 | 1204 | 1203 | 1202 | 1201 | 1200 | V40050 | V40250

1237 | 1236 | 1235 | 1234 | 1233 | 1232 | 1231 | 1230 | 1227 | 1226 | 1225 | 1224 | 1223 | 1222 | 1221 | 1220 | V40051 | V40251

1257 | 1256 | 1255 | 1254 | 1253 | 1252 | 1251 | 1250 | 1247 | 1246 | 1245 | 1244 | 1243 | 1242 | 1241 | 1240 | V40052 | V40252

1277 | 1276 | 1275 | 1274 | 1273 | 1272 | 1271 | 1270 | 1267 | 1266 | 1265 | 1264 | 1263 | 1262 | 1261 | 1260 | V40053 | V40253

1317 | 1316 | 1315 | 1314 | 1313 | 1312 | 1311 | 1310 | 1307 | 1306 | 1305 | 1304 | 1303 | 1302 | 1301 | 1300 | V40054 | V40254

1337 | 1336 | 1335 | 1334 | 1333 | 1332 | 1331 | 1330 | 1327 | 1326 | 1325 | 1324 | 1323 | 1322 | 1321 | 1320 | V40055 | V40255

1357 | 1356 | 1355 | 1354 | 1353 | 1352 | 1351 | 1350 | 1347 | 1346 | 1345 | 1344 | 1343 | 1342 | 1341 | 1340 | V40056 | V40256

1377 | 1376 | 1375 | 1374 | 1373 | 1372 | 1371 | 1370 | 1367 | 1366 | 1365 | 1364 | 1363 | 1362 | 1361 | 1360 | V40057 | V40257

1417 | 1416 | 1415 | 1414 | 1413 | 1412 | 1411 | 1410 | 1407 | 1406 | 1405 | 1404 | 1403 | 1402 | 1401 | 1400 | V40060 | V40260

1437 | 1436 | 1435 | 1434 | 1433 | 1432 | 1431 | 1430 | 1427 | 1426 | 1425 | 1424 | 1423 | 1422 | 1421 | 1420 | V40061 | V40261

1457 | 1456 | 1455 | 1454 | 1453 | 1452 | 1451 | 1450 | 1447 | 1446 | 1445 | 1444 | 1443 | 1442 | 1441 | 1440 | V40062 | V40262

1477 | 1476 | 1475 | 1474 | 1473 | 1472 | 1471 | 1470 | 1467 | 1466 | 1465 | 1464 | 1463 | 1462 | 1461 | 1460 | V40063 | V40263

1617 | 1516 | 1515 | 1514 | 1513 | 1512 | 1511 | 1510 | 1507 | 1506 | 1505 | 1504 | 1503 | 1502 | 1501 | 1500 | V40064 | V40264

1537 | 1536 | 1535 | 1534 | 1533 | 1532 | 1531 | 1530 | 1527 | 1526 | 1525 | 1524 | 1523 | 1522 | 1521 | 1520 | V40065 | V40265

15657 | 1556 | 1555 | 1554 | 1563 | 1552 | 1551 | 1550 | 1547 | 1546 | 1545 | 1544 | 1543 | 1542 | 1541 | 1540 | V40066 | V40266

1577 | 1576 | 1575 | 1574 | 1573 | 1572 | 1571 | 1570 | 1567 | 1566 | 1565 | 1564 | 1563 | 1562 | 1561 | 1560 | V40067 | V40267

1617 | 1616 | 1615 | 1614 | 1613 | 1612 | 1611 | 1610 | 1607 | 1606 | 1605 | 1604 | 1603 | 1602 | 1601 | 1600 | V40070 | V40270

1637 | 1636 | 1635 | 1634 | 1633 | 1632 | 1631 | 1630 | 1627 | 1626 | 1625 | 1624 | 1623 | 1622 | 1621 | 1620 | V40071 | V40271

1657 | 1656 | 1655 | 1654 | 1653 | 1652 | 1651 | 1650 | 1647 | 1646 | 1645 | 1644 | 1643 | 1642 | 1641 | 1640 | V40072 | V40272

1677 | 1676 | 1675 | 1674 | 1673 | 1672 | 1671 | 1670 | 1667 | 1666 | 1665 | 1664 | 1663 | 1662 | 1661 | 1660 | V40073 | V40273

1717 | 1716 | 1715 | 1714 | 1713 | 1712 | 1711 | 1710 | 1707 | 1706 | 1705 | 1704 | 1703 | 1702 | 1701 | 1700 | V40074 | V40274

1737 | 1736 | 1735 | 1734 | 1733 | 1732 | 1731 | 1730 | 1727 | 1726 | 1725 | 1724 | 1723 | 1722 | 1721 | 1720 | V40075 | V40275

1757 | 1756 | 1755 | 1754 | 1753 | 1752 | 1751 | 1750 | 1747 | 1746 | 1745 | 1744 | 1743 | 1742 | 1741 | 1740 | V40076 | V40276

777 | 1776 | 1775 | 1774 | 1773 | 1772 | 1771 | 1770 | 1767 | 1766 | 1765 | 1764 | 1763 | 1762 | 1761 | 1760 | V40077 | V40277
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.Appendix A: DL205 Discrete 1/0 Memory Map

Remote I/0 Bit Map
(D2-260 and D2-262 only), Continued

MSB Additional Remote I/O (GX) and (GY) Points for D2-260 and D2-262 CPUs LSB GX GY
15 | 14 | 13 |12 | 11 |10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 [GECLCEACCEIEES
2017 | 2016 | 2015 | 2014 | 2013 | 2012 | 2011 | 2010 | 2007 | 2006 | 2005 | 2004 | 2003 | 2002 | 2001 | 2000 | V40100 | V40300

2037 | 2036 | 2035 | 2034 | 2033 | 2032 | 2031 | 2030 | 2027 | 2026 | 2025 | 2024 | 2023 | 2022 | 2021 | 2020 | V40101 | V40301

2057 | 2056 | 2055 | 2054 | 2053 | 2052 | 2051 | 2050 | 2047 | 2046 | 2045 | 2044 | 2043 | 2042 | 2041 | 2040 | V40102 | V40302

2077 | 2076 | 2075 | 2074 | 2073 | 2072 | 2071 | 2070 | 2067 | 2066 | 2065 | 2064 | 2063 | 2062 | 2061 | 2060 | V40103 | V40303

2117 | 2116 | 2115 | 2114 | 2113 | 2112 | 2111 | 2110 | 2107 | 2106 | 2105 | 2104 | 2103 | 2102 | 2101 | 2100 | V40104 | V40304

2137 | 2136 | 2135 | 2134 | 2133 | 2132 | 2131 | 2130 | 2127 | 2126 | 2125 | 2124 | 2123 | 2122 | 2121 | 2120 | V40105 | V40305

2157 | 2156 | 2155 | 2154 | 2163 | 2152 | 2151 | 2150 | 2147 | 2146 | 2145 | 2144 | 2143 | 2142 | 2141 | 2140 | V40106 | V40306

277 | 2176 | 2175 | 2174 | 2173 | 2172 | 2171 | 2170 | 2167 | 2166 | 2165 | 2164 | 2163 | 2162 | 2161 | 2160 | V40107 | V40307

2217 | 2216 | 2215 | 2214 | 2213 | 2212 | 2211 | 2210 | 2207 | 2206 | 2205 | 2204 | 2203 | 2202 | 2201 | 2200 | V40110 | V40310

2237 | 2236 | 2235 | 2234 | 2233 | 2232 | 2231 | 2230 | 2227 | 2226 | 2225 | 2224 | 2223 | 2222 | 2221 | 2220 | V40111 | V40311

2257 | 2256 | 2255 | 2254 | 2253 | 2252 | 2251 | 2250 | 2247 | 2246 | 2245 | 2244 | 2243 | 2242 | 2241 | 2240 | V40112 | V40312

2277 | 2276 | 2275 | 2274 | 2273 | 2272 | 2271 | 2270 | 2267 | 2266 | 2265 | 2264 | 2263 | 2262 | 2261 | 2260 | V40113 | V40313

2317 | 2316 | 2315 | 2314 | 2313 | 2312 | 2311 | 2310 | 2307 | 2306 | 2305 | 2304 | 2303 | 2302 | 2301 | 2300 | V40114 | V40314

2337 | 2336 | 2335 | 2334 | 2333 | 2332 | 2331 | 2330 | 2327 | 2326 | 2325 | 2324 | 2323 | 2322 | 2321 | 2320 | V40115 | V40315

2357 | 2356 | 2355 | 2354 | 2353 | 2352 | 2351 | 2350 | 2347 | 2346 | 2345 | 2344 | 2343 | 2342 | 2341 | 2340 | V40116 | V40316

2377 | 2376 | 2375 | 2374 | 2373 | 2372 | 2371 | 2370 | 2367 | 2366 | 2365 | 2364 | 2363 | 2362 | 2361 | 2360 | V40117 | V40317

2417 | 2416 | 2415 | 2414 | 2413 | 2412 | 2411 | 2410 | 2407 | 2406 | 2405 | 2404 | 2403 | 2402 | 2401 | 2400 | V40120 | V40320

2437 | 2436 | 2435 | 2434 | 2433 | 2432 | 2431 | 2430 | 2427 | 2426 | 2425 | 2424 | 2423 | 2422 | 2421 | 2420 | V40121 | V40321

2457 | 2456 | 2455 | 2454 | 2453 | 2452 | 2451 | 2450 | 2447 | 2446 | 2445 | 2444 | 2443 | 2442 | 2441 | 2440 | V40122 | V40322

2477 | 2476 | 2475 | 2474 | 2473 | 2472 | 2471 | 2470 | 2467 | 2466 | 2465 | 2464 | 2463 | 2462 | 2461 | 2460 | V40123 | V40323

2517 | 2516 | 2515 | 2514 | 2513 | 2512 | 2511 | 2510 | 2507 | 2506 | 2505 | 2504 | 2503 | 2502 | 2501 | 2500 | V40124 | V40324

2537 | 2536 | 2535 | 2534 | 2533 | 2532 | 2531 | 2530 | 2527 | 2526 | 2525 | 2524 | 2523 | 2522 | 2521 | 2520 | V40125 | V40325

2557 | 2556 | 2555 | 2554 | 2553 | 2552 | 2551 | 2550 | 2547 | 2546 | 2545 | 2544 | 2543 | 2542 | 2541 | 2540 | V40126 | V40326

2577 | 2576 | 2575 | 2574 | 2573 | 2572 | 2571 | 2570 | 2567 | 2566 | 2565 | 2564 | 2563 | 2562 | 2561 | 2560 | V40127 | V40327

2617 | 2616 | 2615 | 2614 | 2613 | 2612 | 2611 | 2610 | 2607 | 2606 | 2605 | 2604 | 2603 | 2602 | 2601 | 2600 | V40130 | V40330

2637 | 2636 | 2635 | 2634 | 2633 | 2632 | 2631 | 2630 | 2627 | 2626 | 2625 | 2624 | 2623 | 2622 | 2621 | 2620 | V40131 | V40331

2657 | 2656 | 2655 | 2654 | 2653 | 2652 | 2651 | 2650 | 2647 | 2646 | 2645 | 2644 | 2643 | 2642 | 2641 | 2640 | V40132 | V40332

2677 | 2676 | 2675 | 2674 | 2673 | 2672 | 2671 | 2670 | 2667 | 2666 | 2665 | 2664 | 2663 | 2662 | 2661 | 2660 | V40133 | V40333

2717 | 2716 | 2715 | 2714 | 2713 | 2712 | 2711 | 2710 | 2707 | 2706 | 2705 | 2704 | 2703 | 2702 | 2701 | 2700 | V40134 | V40334

2737 | 2736 | 2735 | 2734 | 2733 | 2732 | 2731 | 2730 | 2727 | 2726 | 2725 | 2724 | 2723 | 2722 | 2721 | 2720 | V40135 | V40335

2757 | 2756 | 2755 | 2754 | 2753 | 2752 | 2751 | 2750 | 2747 | 2746 | 2745 | 2744 | 2743 | 2742 | 2741 | 2740 | V40136 | V40336

2777 | 2776 | 2775 | 2774 | 2773 | 2772 | 2771 | 2770 | 2767 | 2766 | 2765 | 2764 | 2763 | 2762 | 2761 | 2760 | V40137 | V40337
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Appendix A: DL205 Discrete 1/0 Memory Map.

Remote I/0 Bit Map
(D2-260 and D2-262 only), Continued

MSB Additional Remote I/O (GX) and (GY) Points for D2-260 and D2-262 CPUs LSB GX GY
15 | 14 |13 | 12 |11 |10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 [GECLCEACEICES

3017 | 3016 | 3015 | 3014 | 3013 | 3012 | 3011 | 3010 | 3007 | 3006 | 3005 | 3004 | 3003 | 3002 | 3001 | 3000 | V40140 | V40340

3037 | 3036 | 3035 | 3034 | 3033 | 3032 | 3031 | 3030 | 3027 | 3026 | 3025 | 3024 | 3023 | 3022 | 3021 | 3020 | V40141 | V40341

3057 | 3056 | 3055 | 3054 | 3053 | 3052 | 3051 | 3050 | 3047 | 3046 | 3045 | 3044 | 3043 | 3042 | 3041 | 3040 | V40142 | V40342

3077 | 3076 | 3075 | 3074 | 3073 | 3072 | 3071 | 3070 | 3067 | 3066 | 3065 | 3064 | 3063 | 3062 | 3061 | 3060 | V40143 | V40343

3117 | 3116 | 3115 | 3114 | 3113 | 3112 | 3111 | 3110 | 3107 | 3106 | 3105 | 3104 | 3103 | 3102 | 3101 | 3100 | V40144 | V40344

3137 | 3136 | 3135 | 3134 | 3133 | 3132 | 3131 | 3130 | 3127 | 3126 | 3125 | 3124 | 3123 | 3122 | 3121 | 3120 | V40145 | V40345

3157 | 3156 | 3155 | 3154 | 3153 | 31562 | 3151 | 3150 | 3147 | 3146 | 3145 | 3144 | 3143 | 3142 | 3141 | 3140 | V40146 | V40346

3177 | 3176 | 3175 | 3174 | 3173 | 3172 | 3171 | 3170 | 3167 | 3166 | 3165 | 3164 | 3163 | 3162 | 3161 | 3160 | V40147 | V40347

3217 | 3216 | 3215 | 3214 | 3213 | 3212 | 3211 | 3210 | 3207 | 3206 | 3205 | 3204 | 3203 | 3202 | 3201 | 3200 | V40150 | V40350

3237 | 3236 | 3235 | 3234 | 3233 | 3232 | 3231 | 3230 | 3227 | 3226 | 3225 | 3224 | 3223 | 3222 | 3221 | 3220 | V40151 | V40351

3257 | 3256 | 3255 | 3254 | 3253 | 3252 | 3251 | 3250 | 3247 | 3246 | 3245 | 3244 | 3243 | 3242 | 3241 | 3240 | V40152 | V40352

3277 | 3276 | 3275 | 3274 | 3273 | 3272 | 3271 | 3270 | 3267 | 3266 | 3265 | 3264 | 3263 | 3262 | 3261 | 3260 | V40153 | V40353

3317 | 3316 | 3315 | 3314 | 3313 | 3312 | 3311 | 3310 | 3307 | 3306 | 3305 | 3304 | 3303 | 3302 | 3301 | 3300 | V40154 | V40354

3337 | 3336 | 3335 | 3334 | 3333 | 3332 | 3331 | 3330 | 3327 | 3326 | 3325 | 3324 | 3323 | 3322 | 3321 | 3320 | V40155 | V40355

3357 | 3356 | 3355 | 3354 | 3353 | 3352 | 3351 | 3350 | 3347 | 3346 | 3345 | 3344 | 3343 | 3342 | 3341| 3340 | V40156 | V40356

3377 | 3376 | 3375 | 3374 | 3373 | 3372 | 3371 | 3370 | 3367 | 3366 | 3365 | 3364 | 3363 | 3362 | 3361 | 3360 | V40157 | V40357

3417 | 3416 | 3415 | 3414 | 3413 | 3412 | 3411 | 3410 | 3407 | 3406 | 3405 | 3404 | 3403 | 3402 | 3401 | 3400 | V40160 | V40360

3437 | 3436 | 3435 | 3434 | 3433 | 3432 | 3431 | 3430 | 3427 | 3426 | 3425 | 3424 | 3423 | 3422 | 3421 | 3420 | V40161 | V40361

3457 | 3456 | 3455 | 3454 | 3453 | 3452 | 3451 | 3450 | 3447 | 3446 | 3445 | 3444 | 3443 | 3442 | 3441 | 3440 | V40162 | V40362

3477 | 3476 | 3475 | 3474 | 3473 | 3472 | 3471 | 3470 | 3467 | 3466 | 3465 | 3464 | 3463 | 3462 | 3461 | 3460 | V40163 | V40363

3517 | 3516 | 3515 | 3514 | 3513 | 3512 | 3511 | 3510 | 3507 | 3506 | 3505 | 3504 | 3503 | 3502 | 3501 | 3500 | V40164 | V40364

3537 | 3536 | 3535 | 3534 | 3533 | 3532 | 3531 | 3530 | 3527 | 3526 | 3525 | 3524 | 3523 | 3522 | 3521 | 3520 | V40165 | V40365

3557 | 3556 | 3555 | 3554 | 3553 | 35652 | 3551 | 3550 | 3547 | 3546 | 3545 | 3544 | 3543 | 3542 | 3541 | 3540 | V40166 | V40366

3577 | 3576 | 3575 | 3574 | 3573 | 3672 | 3571 | 3570 | 3567 | 3566 | 3565 | 3564 | 3563 | 3562 | 3561 | 3560 | V40167 | V40367

3617 | 3616 | 3615 | 3614 | 3613 | 3612 | 3611 | 3610 | 3607 | 3606 | 3605 | 3604 | 3603 | 3602 | 3601 | 3600 | V40170 | V40370

3637 | 3636 | 3635 | 3634 | 3633 | 3632 | 3631 | 3630 | 3627 | 3626 | 3625 | 3624 | 3623 | 3622 | 3621 | 3620 | V40171 | V40371

3657 | 3656 | 3655 | 3654 | 3653 | 3652 | 3651 | 3650 | 3647 | 3646 | 3645 | 3644 | 3643 | 3642 | 3641 | 3640 | V40172 | V40372

3677 | 3676 | 3675 | 3674 | 3673 | 3672 | 3671 | 3670 | 3667 | 3666 | 3665 | 3664 | 3663 | 3662 | 3661 | 3660 | V40173 | V40373

3717 | 3716 | 3715 | 3714 | 3713 | 3712 | 3711 | 3710 | 3707 | 3706 | 3705 | 3704 | 3703 | 3702 | 3701 | 3700 | V40174 | V40374

3737 | 3736 | 3735 | 3734 | 3733 | 3732 | 3731 | 3730 | 3727 | 3726 | 3725 | 3724 | 3723 | 3722 | 3721 | 3720 | V40175 | V40375

3757 | 3756 | 3755 | 3754 | 3753 | 3752 | 3751 | 3750 | 3747 | 3746 | 3745 | 3744 | 3743 | 3742 | 3741 | 3740 | V40176 | V40376

3777 | 3776 | 3775 | 3774 | 3773 | 3772 | 3771 | 3770 | 3767 | 3766 | 3765 | 3764 | 3763 | 3762 | 3761 | 3760 | V40177 | V40377
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