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1: Introduction

WELCOME TO OPTOMMP

OptoMMP is a memory-mapped protocol based on the [EEE 1394 standard. This protocol is used to create
custom software applications for remote monitoring, industrial control, and data acquisition using Opto 22
hardware products.

If your sole method of communication with Opto 22 devices is through a PAC Control Basic or PAC Control
Professional strategy, then you probably don't need to use this programming guide. Instead, the PAC Control
User’s Guide (form 1700) or the PAC Control User’s Guide, Legacy Edition (form 1710) for legacy hardware will
provide the information you need.

However, if you are developing custom applications for your Opto 22 devices, either instead of or in addition
to using PAC Control or other methods of communication, you'll need the additional information provided in

this protocol guide.

OptoMMP works with the following Opto 22 hardware products:

Device type Part numbers

groov EPIC processors

groov RIO modules

SNAP PAC R-series on-the-rack controllers

SNAP PAC S-series standalone controllers

SNAP PAC EB brains
SNAP PAC SB brains
SNAP Simple I/O

SNAP Ethernet I/O

SNAP Ultimate 1/0

SNAP-LCE standalone controller
E1 digital brain board

E2 analog brain board

GRV-EPIC-PR1

GRV-R7-MM1001-10
GRV-R7-MM2001-10

SNAP-PAC-R1
SNAP-PAC-R1-B
SNAP-PAC-R1-FM
SNAP-PAC-R1-W

SNAP-PAC-S1
SNAP-PAC-S1-FM
SNAP-PAC-S1-W

SNAP-PAC-EB1
SNAP-PAC-EB1-FM
SNAP-PAC-EB1-W

SNAP-PAC-SB1
SNAP-ENET-S64

SNAP-B3000-ENET
SNAP-ENET-RTC

SNAP-UP1-ADS
SNAP-UP1-M64

SNAP-LCE
E1
E2

GRV-EPIC-PR2

GRV-I11VAPM-3

SNAP-PAC-R2
SNAP-PAC-R2-FM
SNAP-PAC-R2-W

SNAP-PAC-S2
SNAP-PAC-S2-W

SNAP-PAC-EB2

SNAP-PAC-EB2-FM
SNAP-PAC-EB2-W

SNAP-PAC-SB2

SNAP-ENET-D64

SNAP-UP1-D64

OptoMMP Protocol Guide
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ABOUT THIS GUIDE

Device type Part numbers

. G4EB2
G4EB?2 brain boards G4D32EB2 G4D32EB2-UPG

ABOUT THIS GUIDE

This user’s guide defines the OptoMMP protocol and includes the logical addresses for communicating with
Opto 22's OptoMMP-based hardware.

It assumes that you are already familiar with programming in the format you've chosen to use. If you are using
our free OptoMMP SDKs, you'll find documentation included in the download.

The guide also assumes that you have already installed the Opto 22 hardware. If you have not, see the
hardware user's guide for instructions.

This guide includes the following sections:
Chapter 1: Introduction—information about the guide and how to reach Opto 22 Product Support.

Chapter 2: Overview of Programming—~basic information you need for programming applications using
the OptoMMP protocol.

Chapter 3: Using OptoMMP Software Development Kits—programming your own applications using
our software development kits to hide the details of the memory map and the protocol.

Chapter 4: Using the OptoMMP Protocol—details of the OptoMMP protocol, including examples.

Appendix A: Opto 22 Hardware Memory Map—the complete memory map for Opto 22 devices using the
OptoMMP protocol.

Appendix B: Rack and Module Compatibility—a table listing part numbers, mounting racks, and the type
and number of I/0 modules they can hold by product family.

Appendix C: SNAP Features Comparison Chart—a chart that describes which features apply to which
SNAP products (by part number), both current and legacy.

Appendix D: groov EPIC and groov RIO Features and Comparison Charts—a chart that lists which
features apply to which groov I/0 modules (by part number) and a chart that lists the quality indicator
numbers and their meaning.

Information Key

This guide includes information that applies to some types of Opto 22 memory-mapped products but not to
others. Sections are marked as follows to indicate the products that support them:

This text Indicates support by this hardware

PR1/2 groov EPIC processors

RIO groov RIO modules
PAC-R SNAP PAC R-series controllers
PAC-S SNAP PAC S-series controllers

EB SNAP PAC EB brains

SB SNAP PAC SB brains

uio SNAP Ultimate 1/0

EIO SNAP Ethernet I/O

slo SNAP Simple I/0

2 OptoMMP Protocol Guide
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FOR HELP

CHAPTER 1: INTRODUCTION

This text Indicates support by this hardware

LCE SNAP-LCE controllers*
E1 E1 brain boards
E2 E2 brain boards

G4EB2 G4EB2 brain boards

*As of January 2014, the SNAP-LCE is no longer available due to unavailability of essential parts.

Other Documents You May Need

See the following additional guides for the information listed. Most guides are available on our website,
www.opto22.com; those that are not on the website are available with product purchase. The easiest way to

find a guide is to search on its form number.

For this information

Installing and using groov EPIC processors,

See this guide

groov modules, and groov Manage software groov EPIC User’s Guide 2267

Installing and using groov RIO modules groov RIO User’s Guide 2324

Installing and using a SNAP PAC R-series controller SNAP PAC R-Series Controller User’s Guide 1595

Installing and using a SNAP PAC S-series controller SNAP PAC S-Series Controller User’s Guide 1592

Installing and using a SNAP PAC EB or SB brain SNAP PAC Brains User’s Guide 1690

Installing and using a SNAP Ultimate, SNAP Bther- o 15 ryp0met. Based 10 Units User's Guide 1460

net, or SNAP Simple I/O unit

Installing and using a SNAP-LCE controller SNAP-LCE User’s Guide 1475

Installing and using an E1 or E2 brain board El and E2 User’s Guide 1563

(For SNAP PAC Systems only) Assigning IP

addresses to SNAP PAC hardware, configuring

communications, doing real-time reads and writes, § . I

updating firmware. For PAC-R, EB, SB, UIO, EIO, PAC Manager User’s Guide, Legacy Edition 1714

SIO, E1/E2, and G4EB2 units, configuring I/O

channels? and system functions.

Designing flowchart-based control programs for the PAC Control User’s Guide 1700

system (Requires a groov EPIC processor or

SNAP PAC controller; SNAP-LCE and SNAP PAC Control Command Reference 1701

Ultimate controllers are partially supported) PAC Control Commands Quick Reference 1703

Communicating with the system using OPC OptoOPCServer User’s Guide 1439
. . OptoDataLink User’s Guide (included with the

Exchanging system data with popular databases purchase of OptoDataLink) 1705

Communicating with Allen-Bradley Logix-based .

PLCs or other systems using EtherNet/IP EtherNet/IP for SNAP PAC Protocol Guide 1770

Communicating with systems using Modbus/TCP Modbus/TCP Protocol Guide 1678

Communicating with an E1 or E2 I/O unit using the Optomux Protocol Guide 1572

Optomux protocol

2 This quide uses the terms point and channel interchangeably.

If you have problems using the OptoMMP protocol and cannot find the help you need in this guide or on our

website, contact Opto 22 Product Support.

OptoMMP Protocol Guide


https://www.opto22.com/support/resources-tools/documents/2324-groov-rio-users-guide
https://www.opto22.com/support/resources-tools/documents/1439-optoopcserver-user-s-guide
https://www.opto22.com
https://www.opto22.com/support/resources-tools/documents/2267-groov-epic-user-s-guide
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=2772
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=2668
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=3166
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=1847
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=1874
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=1940
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=3155
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=3164
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=3162
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=3672
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=3169
http://www.opto22.com/site/documents/doc_drilldown.aspx?aid=1941

FOR HELP

4

Phone: 800-TEK-OPTO

(800-835-6786 toll-free in the U.S. and Canada)
951-695-3080

Monday through Friday,

7a.m.to 5 p.m. Pacific Time

Email: support@opto22.com

Opto 22 website: WWW.0pto22.com

When calling for technical support, you can help us help you faster if you provide the following information to
the Product Support engineer:

A screen capture of the Help > About dialog box showing software product and version (available by
clicking Help > About in the application’s menu bar).

Opto 22 hardware part numbers or models that you're working with.
Firmware version:

- For groov EPIC processors and groov RIO modules: available in groov Manage by clicking Info and
Help > About.

- For SNAP controllers and brains: available in PAC Manager by clicking Tools > Inspect.
Specific error messages you received.
Version of your computer's operating system.

For PAC Control, PAC Display, OptoOPCServer, or PAC Manager, you may be requested to provide
additional information, such as log or dump files. You can find these files in a support files sub-folder:

a. On your Windows Desktop, double-click the PAC Project 10.4 folder.

b. Double-click Support Files.

c. Double-click on the appropriate shortcut to open the sub-folder containing the requested files.
Note: PAC Control, PAC Display, OptoOPCServer, and PAC Manager create appropriate sub-folders when they

create diagnostic log or dump files. If they have not created these files, the sub-folder may not exist; in this case,
the shortcut will not work.
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2: Overview of Programming

INTRODUCTION

Details of programming steps depend on the language or method you use for developing your custom
application, but some basic information is common to all languages and methods. This chapter includes the
following basic information you need in order to program for Opto 22 memory-mapped hardware:

In this chapter

Programming Steps for Opto 22 Devices page 5
Communication Options page 6
Understanding the Memory Map page 8
Referencing Module and Channel Positions on /O UNItS .....eeeeeeessene page 9
Configuring I/0 Channels page 17
Configuring Channel Features page 43
Streaming Data page 65
Logging Data page 68
Using PID Loops page 69
Formatting and Interpreting Data page 71

PROGRAMMING STEPS FOR OPTO 22 DEVICES

In general, writing programs that can read from or write to Opto 22 memory-mapped devices through
OptoMMP memory maps involves six steps:

1.

2.
3.
4

gl

Connect to the device (not required for UDP).

Send a powerup clear (PUC) to the device.

Configure channels' and channel features. (For instructions, see page 17).

(Optional) Configure event/reactions, security, streaming, and other functions (starting on page 52).

NOTE: Store configurations to flash memory if you want them to remain through power cycles.

Read and write to channels.

Disconnect from the device (not required for UDP). This step occurs only after all communication is
finished. The connection is left open during normal communications.

Before you start using OptoMMP, here is some important information you should understand about Opto 22
memory-mapped devices, I/0O modules, and I/O channels.

! This guide uses the terms point and channel interchangeably.

OptoMMP Protocol Guide 5
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To communicate with Opto 22 devices, you can use the OptoMMP protocol either by itself or in combination
with other communication methods. For example, your system could be running a PAC Control strategy,
providing data to a peer on the network, and communicating with a third-party HMI, all at the same time.

Communication options include:

Custom applications for Microsoft Windows® and Linux®—You can use the OptoMMP protocol to build
custom applications from scratch. For details, see Chapter 4: Using the OptoMMP Protocol.

However, you can quick start your development process with two free Opto 22 software development kits
(SDKs), which you can download from our website at www.opto22.com:
«  For C++ —the PAC-DEV-OPTOMMP-CPLUS software development kit (SDK).
The SDK supports Microsoft Windows® and Linux, and includes all documentation.
«  ForVisual Studio® 2010 through 2019—the PAC-DEV-OPTOMMP-DOTNET SDK for .NET developers. The
SDK supports Microsoft's NET frameworks 4.0 through 4.8, and includes all documentation.

NOTE: groov EPIC processors offer several programming methods, including secure shell access to the Linux OS. Some
methods require a license. For details, see the groov EPIC User’s Guide, (form 2267), available on the Opto 22 website.

Communication Options that Do Not Require the OptoMMP Protocol

None of the following communication options requires knowledge of the OptoMMP protocol:

PAC Control —Most of the devices that use the OptoMMP protocol can be used with PAC Control, Opto 22's
flowchart-based control development software. PAC Control Basic is included in your purchase of a groov EPIC
processor or SNAP PAC controller, and is also a free download from www.opto22.com. PAC Control
Professional adds more features and is available for purchase from our website or through an Opto 22
distributor.

CODESYS® Development System—(groov EPIC Systems only) groov EPIC processors can be programmed
using any IEC 61131-3 compliant language in CODESYS. For more information, see the groov EPIC User’s Guide.

Ignition Edge®—(groov EPIC and groov RIO model GRV-R7-MM2001-10 only) groov EPIC processors and the
GRV-R7-MM2001-10 include Ignition Edge® software from Inductive Automation® to connect to other
devices, such as Allen-Bradley® PLCs, via OPC UA, and for efficient lloT communications using MQTT with
strings or Sparkplug B payload. You can also run full Ignition software on groov EPIC and the
GRV-R7-MM2001-10.

Node-RED—(groov EPIC and groov RIO only) Node-RED, an open-source tool for communicating data among
devices, databases, cloud applications, and APIs, is included in groov EPIC and groov RIO.

EtherNet/IP"—SNAP PAC controllers and SNAP PAC EB brains with firmware R8.3 and higher can also
communicate with Allen-Bradley® Logix-based PLCs and other systems that use EtherNet/IP. For details, see
the EtherNet/IP for SNAP PAC Protocol Guide (form 1770), available from our website.

Modbus /TCP—Ethernet-based devices that use the OptoMMP protocol can also communicate using
Modbus/TCP. For more information about communicating with Opto 22 devices using Modbus/TCP, see the
Modbus/TCP Protocol Guide (form 1678), available from our website.

Optomux protocol—E1 and E2 brain boards can also communicate using the Optomux protocol over
Ethernet or serial networks. The Optomux Protocol Driver is documented in the Optomux Protocol Guide
(form 1572); the driver and the guide are available from our website.
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Accessing Opto 22 Ethernet-Based Devices over the internet

Since Opto 22 Ethernet-based devices are just like any other hardware on the Ethernet network, you can
access them over the internet in exactly the same way you would access a computer; the details depend on
your network and internet connection. Consult your system or network administrator or your Internet Service
Provider (ISP) for more information.

CAUTION: Multiple Communication Options Can Cause Conflict

Any time you directly communicate with an Opto 22 memory-mapped device, make sure that you are not
causing conflicts with other communication options. For example, if you are using the memory map to
exchange data with an I/0 unit, and that I/O unit is also controlled by a PAC Control strategy, be careful that
the two methods of reading and writing to the unit do not send conflicting directions to 1/0. This
caution applies to all Opto 22 devices that have multiple communication options.

Some Opto 22 memory-mapped devices—groov EPIC processors, SNAP PAC R-series controllers, and SNAP
Ultimate brains—are a combination of I/0 processor and controller: they handle both input/output
processing and flowchart-based control functions in the same device. Because input/output processing and
control are different functions, it's sometimes easier to imagine these devices performing these tasks in
different “sides”: a control side and an 1/0 side.

This image depicts a GRV-EPIC-PR1 and
groov /0 modules on a groov EPIC chassis.
Together, these devices are referred to as
an l/Ounit.

Controller I/0 Modules

The modules on the chassis connect with
devices (such as the motor) to monitor
and control them.

To other
devices

Point

Monitoring and control are performed by
sending messages (commands) to
addresses in the groov EPIC processor’s
memory map.

Control
Side

1/0
Side

On the control side, these Opto 22 devices have capabilities very much like a SNAP PAC S-series or SNAP-LCE
standalone controller: they typically run a control program developed in PAC Control software. (Some, like
groov EPIC, can run programs developed with other tools.) The control program provides the logic that
controls processes throughout the system. Within the program, PAC Control commands (programming
functions) read and write to the memory map in the I/O side to monitor and control I/O channels.

On the I/0 side, these Opto 22 devices have features similar to a SNAP PAC EB brain or a SNAP Ethernet brain:
they read and write to I/0O channels by using the memory map (see “Understanding the Memory Map”on
page 8). In groov Manage, the configuration tool for groov EPIC and groov RIO, functions on the I/O side are
called /O services.

IMPORTANT: Any time you are communicating with both the control side and the I/0 side, plan carefully and use
caution. The control side reads from and writes to the I/O side just as other methods do directly. Make sure that data
being written directly to the I/0 side does not conflict with control logic being executed in the main control program.
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UNDERSTANDING THE MEMORY MAP

UNDERSTANDING THE MEMORY MAP

NOTE: Appendix A: Opto 22 Hardware Memory Map shows all memory map addresses and the devices each section
supports.

Opto 22 memory-mapped devices use the IEEE 1394 specification as a standard for reading and writing data.
This standard specifies a memory-mapped model for devices on a network. Basically, each node (such as a
SNAP PAC brain) appears logically as a 48-bit address space”. To communicate with a device, you read from
and write to specific memory addresses in that space.

If you're a programmer, you already know that a memory map is a data structure that matches a set of
logical addresses with physical addresses in the read/write memory hardware on a device. You can think of a
memory map as a lookup table, or if you're familiar with programmable logic controllers (PLCs), it's similar to a
PLC's register.

In Opto 22 memory-mapped devices, a physical address might hold a single value of data, such as the state of
a single digital channel, counter data for a digital channel, the minimum value of an analog channel, or the
device's firmware version. In your programming code, you use the logical address to reference the physical
address that holds the data you want to read or write to.

When you write to the memory map, the memory-mapped device responds by returning a packet that
indicates success or a failure code. When you perform a read, the memory-mapped device returns a packet
containing the data.

If you're not a programmer, you can think of a
memory map (sometimes called a mem map) as a
collection of post office boxes. Each mailbox’s address
has a different owner who either has information you
want, or information you want to change.

To get or change the information, you send a message
(in the form of a structured packet of data) to the
mailbox address. For example, to get a device's part
number, you send the message to address FFFF FO30
0080. In response, you'll get another packet of data
containing—in this example—the part number.
Getting a part number is an example of reading a
memory map address. You can also write to the
memory map, for example, to change an I/0 channel’s
configuration, its status, or its value.

Note that devices vary in how much of the memory map they support. For example, the SNAP PAC S-series
standalone controller does not support reading or writing to channels, since it is not directly connected to
channels. Similarly, a digital-only brain does not support analog sections of the memory map.

Also note that features included in the memory map may not always be the same as features available
through another protocol. For example, waveform generation is supported on an E2 using the Optomux
protocol, but it is not available on an E2 in OptoMMP. For a list of features supported by each device, see
Appendix C: SNAP Features Comparison Chart and Appendix D: groov EPIC and groov RIO Features and
Comparison Charts.

248 bits is equivalentto 6 octets. FFFF F110 0000 isanexample of a 48-bit address space.
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REFERENCING MODULE AND CHANNEL POSITIONS ON I/0 UNITS

PR1/2

NOTE: You can use the reference model described in this section by all methods of communication listed in
“Communication Options”on page 6 except Modbus/TCP and Optomux. For Modbus I/O channel referencing, see
the Modbus chapter in the Modbus/TCP Protocol Guide (form 1678). For Optomusx, see the Optomux Protocol
Guide (form 1572).

Before you begin writing programs that read and write to the memory map addresses in Appendix A: Opto 22
Hardware Memory Map, you first need to know how to reference I/O modules and the channels on them.

Opto 22 I/0 units are zero-based: that is, the first module position on the rack or chassis is position 0, and the
first channel on each module is channel 0. The number of channels on a module can vary from one to 64,
depending on the module family and part number. Because of this numbering and variation, it's important to
understand them before you start reading and writing channel data.

Module and channel positions differ depending on the module family; see the section for yours:

groov /0 Units page 9
groov RIO Units page 10
SNAP 170 Units (and M-series) page 12
SNAP B-Series 1/0 Units page 12
SNAP Digital-Only I/0 Units page 13
ETand E2 I/0 Units page 14
G4EB2 1/0 Units page 15

For serial modules, also see page 124.

groov 1/0 Units

/0 units whose 1/O processor is a GRV-EPIC-PR1 or GRV-EPIC-PR2 are called groov I/0 units. groov 1/O chassis
can hold 4, 8, or 16 1/0 modules, and each module contains 8 to 64 channels, depending on the module.
Several groov modules offer a variety of features that you can configure. After you see how to reference
module and channel positions, then continue to configuring channels and features:

«  To configure groov I/O channels, see page 17
»  Toconfigure groov I/0 features, see page 43.

The following diagram shows examples of groov modules mounted on a chassis, along with the processor.
The diagram also shows examples of how channels are identified on some of the modules.
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REFERENCING MODULE AND CHANNEL POSITIONS ON I/0 UNITS

Module position 0, discrete,
24 channels:

Ch:‘23‘<7‘0‘

—— Module position 2, discrete,
12 channels:

Ch:‘11|<7|0|

Module position 5, analog,
8 channels:

Ch:‘7‘6‘5‘4|3‘2|1‘0‘

m groov RIO Units

As edge 1/0, a groov RIO module contains an 1/0 and communications processor plus a specific number of I/0
channels. All channels on a groov RIO module are considered to be in module position 0. Channel positions
vary by part number.

GRV-R7-MM1001-10 (groov RIO MM1) and GRV-R7-MM2001-10 (groov RIO MM2)—On these models the
channels can be configured as either inputs or outputs for different signal types. These groov RIO part
numbers include a processor and ten I/O channels, eight of which are software configurable as analog or
discrete inputs or outputs with a variety of signals, and two of which are Form C mechanical relays.

GRV-R7-MM1001-10 and GRV-R7-MM2001-10
Channel Positions

Module position =0

Pins Channel

1-3 0
4-6
7-9
10-12
13-14
15-16
17-18
19-20
2123
24-26

RST = ETHO

=5 ¢ ¢

ETH1®
out
v
0

N

To configure channels, see page 26.
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To configure channel features, see page 43.
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GRV-R7-1TVAPM-3 (groov RIO EMU)—This groov RIO model was designed for three-phase power
monitoring. Some of its 64 channels are wired directly to field inputs; the others are calculated data channels.

GRV-R7-1TVAPM-3
Channel Positions

Module position =0 To configure channels, see page 26.
Channel positions = 0-63

NOTE: Channels supply data calculated from field inputs
and do not correspond to pins.

See the groov RIO Energy Monitoring Unit Data Sheet for
more information.

1=
&
EY
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SNAP 1/0 Units

/0 units whose I/0 processor’s part number begins with “SNAP” are called SNAP /O units. For example,
/0 units with a SNAP-PAC-R1, SNAP-EB1, or SNAP-ENET-564 as the 1/O processor are all SNAP 1/0 units.

SNAP mounting racks may hold 4, 8, 12, or 16 1/0 modules, and the modules can be analog, digital, or serial.
Each module contains 1 to 32 channels (points), depending on the module. Examples of modules are shown
in the following diagram.

NOTE: Module support,
functions, and positions vary by
Processor.

Module position 0, 4-ch digital:

Channels: nn

Module position 6, high-density
digital:

Channels: n

1—Module position 8, analog:

Channels\ 2 g 15143210

Module position 12, analog:

Channels: “

Module position 14, serial:

Ports:

For more information about SNAP 1/0 channels, see page 32; for SNAP 1/0 features, see page 43.

SNAP B-Series I/0 Units

NOTE: SNAP B-series racks and the processors compatible with them are not recommended for new development.
Use SNAP PAC racks and processors instead.

SNAP B-series mounting racks can hold up to 4, 8, 12, or 16 Opto 22 SNAP I/O modules. (Not all modules are
supported by these processors; for details, see Legacy and Current SNAP Product Comparison and Compatibility
Charts, form 1693.) Analog, serial, and high-density digital modules (digital modules with more than four
channels) can be placed in any position. For the larger racks, 4-channel digital modules can be placed in
positions 0—7 only. Each module contains 1 to 32 channels, depending on the module. Examples of modules
are shown in the following diagram.
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NOTE: 4-channel digital modules can be
placed in positions 0—7 only.

All other modules can be placed in any
position.

Module position 0, 4-ch digital:

Channel:

Module position 6, high-density
digital:

Channels: ‘ 31 ‘47‘ 0 ‘ Module position 8, analog:

Channels:‘ 3 \ 2 \ 1 \ 0 \

Module position 12, analog:

Channels: “

Module position 14, serial:

Ports:

SNAP Digital-Only I/0 Units

NOTE: Digital-only racks and processors are not recommended for new development. Use SNAP PAC racks and
processors instead.

The SNAP-D64RS mounting rack is compatible with SNAP-UP1-D64 and SNAP-ENET-D64 processors. The rack
holds up to 16 4-channel SNAP digital I/O modules. Analog, serial, and high-density digital modules are not
supported. Module position 0 is the position closest to the processor.

OptoMMP Protocol Guide 13



REFERENCING MODULE AND CHANNEL POSITIONS ON I/0 UNITS

14

E1
E2

E1and E2 1/0 Units

/0 units using a digital E1 or analog E2 brain board normally use modules containing only one channel, and

the maximum number of channels on the rack is 16. Examples of E1 and E2 I/O units are shown below.

E1 shown with G4 modules.

Since each module has just one channel, use only the first
channel for each module in the memory map.

j

.

Module position O

E1 with Quad Pak modules.

Quad Pak modules have four input or four output channels, but each
channel is treated as if it were a separate one-channel module.

Module position on
Quad Pak rack

Module
number

00

Channel
number

o

01
02
03

04
05
06
07

08
09
10
1

12
13
14
15

OO O0OO0 OO0OO0OO0O OO0OO0OO0O ooo

E2 with G1 modules.

Since each module has just one channel, use only the first
channel for each module in the memory map.

Module position O

OptoMMP Protocol Guide
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Module # Channel #
00 0
15 0
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G4EB2 1/0 Units

These I/0 units include part numbers G4EB2, G4D32EB2, and G4D32EB2-UPG. Each I/0 unit has 32 total
channels, all of them digital. They may use G4 modules, which each have one channel, or Quad Pak modules,
which each have four channels of the same type (all four digital inputs or all four digital outputs).

G4EB2 brains with G4 modules

Each module has just one channel (point). However, in the memory map they are addressed like Quad Pak
racks (see page 16). The difference is that with G4s, you can mix input and output modules within the same
group of four channels.

Module position O

OoOPTD 22 G4D32EB2

The following table shows Channel Configuration addresses as an example of how to reference channels on a
rack with G4 modules.

G4 rack Memory Map equivalent
Module position Module number Channel number Starting address for channel config
0 0 0 F010 0000
1 0 1 F010 00CO
2 0 2 F010 0180
3 0 3 F010 0240
4 1 0 F010 3000
5 1 1 F010 30CO
6 1 2 F010 3180
7 1 3 F010 3240
8 2 0 F010 6000
9 2 1 F010 60CO
10 2 2 F010 6180
11 2 3 F010 6240
12 3 0 F010 9000
13 3 1 F010 90CO
14 3 2 F010 9180
15 3 3 F010 9240
16 4 0 F010 C000
17 4 1 F010 COCO
18 4 2 F010 C180
19 4 3 F010 C240
20 5 0 F010 FOO0O
21 5 1 F010 FOCO
22 5 2 FO10 F180
23 5 3 F010 F240
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G4 rack Memory Map equivalent
Module position Module number Channel number  Starting address for channel config
24 6 0 F011 2000
25 6 1 F011 20C0
26 6 2 F011 2180
27 6 3 FO11 2240
28 7 0 F011 5000
29 7 1 F011 50C0
30 7 2 FO011 5180
31 7 3 F011 5240

G4EB2 brains with Quad Pak modules

Quad Pak modules have four input or four output channels per module, so each group of four channels must
be configured as either inputs or outputs.

Module position 0 (channels 0-3)

The following table shows Channel Configuration addresses as an example of how to reference channels on a
PB32HQ rack with Quad Pak modules.

Quad Pak rack Memory Map equivalent
Moduls position Channel Module number Channel Starting addres.s for
number number channel config
0 0 0 F010 0000
0 1 0 1 F010 00CO
2 0 2 F010 0180
3 0 3 F010 0240
4 1 0 F010 3000
1 5) 1 1 F010 30C0O
6 1 2 F010 3180
7 1 3 F010 3240
8 2 0 F010 6000
2 9 2 1 F010 60CO
10 2 2 F010 6180
1 2 3 F010 6240
12 3 0 F010 9000
3 13 3 1 F010 90CO
14 3 2 F010 9180
15 3 3 F010 9240
16 4 0 F010 C000
4 17 4 1 F010 COCO
18 4 2 F010 C180
19 4 3 F010 C240
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Quad Pak rack Memory Map equivalent
Modllia|position Channel Module number Channel Starting addres§ for
number number channel config
20 5 0 F010 FO00
5 21 5) 1 F010 FOCO
22 5 2 F010 F180
23 5 3 FO010 F240
24 6 0 F011 2000
6 25 6 1 F011 20C0
26 6 2 F011 2180
27 6 3 FO011 2240
28 7 0 F011 5000
7 29 7 1 F011 50C0
30 7 2 FO011 5180
31 7 3 FO011 5240

CONFIGURING 1/0 CHANNELS

Before you can read or write to I/0 channels, you must make sure channel types and channel features are
configured as required.

See the section for your I/0 unit:

groov I/0 units page 17
groov RIO modules page 26
SNAP analog/digital I/0 units page 32
SNAP digital-only and G4EB2 1/O units page 40
E1 and E2 brain boards page 41

Configuring I/0 Channels for groov 1/0 Units

You can configure groov 1/0 units in three ways:

«  PAC Control—If you are programming a strategy with PAC Control (R10.0 or higher), configure channels
while you are programming the strategy.

«  groov Manage—If your control program is not a PAC Control strategy, configure channels in
groov Manage, either on the groov EPIC processor’s touchscreen or remotely from a computer or mobile
device. Configurations are automatically saved to flash memory.

«  OptoMMP—If OptoMMP is the ONLY communication to the groov /0O unit, then configure I/O channels
by selecting the appropriate configuration values as described below.

groov 1/0 Module Types and Channel Types

The table beginning on page 26 shows configuration values for groov /0 modules, divided by module and

channel types.

»  Some modules accept several ranges of values per channel, which is why they have multiple channel
types. If a module offers more than one range, choose the range you want from the Description column
and read across to the Channel ID (hex) column to find the corresponding configuration value. For
example, suppose the module in position (slot) 0 on the chassis is a GRV-IV-24 and you want to monitor a
range of £10V on the first two channels (channels 0 and 1). You find the module’s range in the
Description column and read across to see that the appropriate configuration value is 0x60000017.

«  Some modules accept only certain configuration values on specific channels. Those modules list the
specific channel that accepts a specific configuration value in the “Applies To” column. If the column says
“all’, that means all channels on that module accept all the configuration values available for that module.
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CONFIGURING 1/0 CHANNELS

+  Notes for the GRV-MM1001-10 module. This module offers 8 universal I/0 channels with a wide
range of configuration options for each channel.

- Forthe best thermocouple accuracy when also using current outputs or discrete outputs, always
configure thermocouples on the lowest channel numbers and outputs on the highest channel
numbers.

- For the best thermistor accuracy when also using current outputs, always configure thermistors on
the lowest channel numbers and current outputs on the highest channel numbers.

—  Forthe best resistance accuracy when also using current outputs, always configure the 0-400 kOhm
channel type on the lowest channel numbers and current outputs on the highest channel numbers.

After you select the configuration value for the module and channel type, go to page 43 to select the correct
configuration value for a specific feature.

i g 03 2 2
Part number § Description ag, g -é » @

5 S S . 2 )

-3 5 cg 2 =
GRV-CCANI-2 all  CAN, no termination 0C000027 08000066 2 N/A N/A N/A
GRV-CCANI-2 all  CAN, with termination 0C000027 08000067 2 N/A N/A N/A
GRV-CSERI-4 all  RS232 0CO00001E 08000026 4 N/A N/A N/A
GRV-CSERI-4 all  RS485, 2-Wire, no termination, no bias 0CO0001E 08000027 4 N/A N/A N/A
GRV-CSERI-4 all  RS485, 2-Wire, termination, no bias 0CO0001E 08000028 4 N/A N/A N/A
GRV-CSERI-4 all  RS485, 2-Wire, no termination, bias 0CO0001E 08000029 4 N/A N/A N/A
GRV-CSERI-4 all RS485, 2-Wire, termination, bias 0CO0001E  0800002A 4 N/A N/A N/A
GRV-CSERI-4 all  RS485, 4-Wire, no termination, no bias 0CO00001E  0800002B 4 N/A N/A N/A
GRV-CSERI-4 all  RS485, 4-Wire, termination, no bias 0CO0001E  0800002C 4 N/A N/A N/A
GRV-CSERI-4 all  RS485, 4-Wire, no termination, bias 0CO00001E  0800002D 4 N/A N/A N/A
GRV-CSERI-4 all RS485, 4-Wire, termination, bias 0CO0001E  0800002E 4 N/A N/A N/A
GRV-IAC-24 all  Digital Input 5000000F 50000000 24 N/A N/A N/A
GRV-IACDCTTL-24 all  Digital Input 50000005 50000000 24 N/A N/A N/A
GRV-IACDCTTLS-24 all  Simple Digital Input 54000007 54000000 24 N/A N/A N/A
GRV-IACHV-24 all  Digital Input 50000010 50000000 24 N/A N/A N/A
GRV-IACHVS-24 all  Simple Digital Input 54000008 54000000 24 N/A N/A N/A
GRV-IACI-12 all  Digital Input 5000000C 50000000 12 N/A N/A N/A
GRV-IACIHV-12 all  Digital Input 5000000D 50000000 12 N/A N/A N/A
GRV-IACIHVS-12 all  Simple Digital Input 54000009 54000000 12 N/A N/A N/A
GRV-IACIS-12 all  Simple Digital Input 5400000A 54000000 12 N/A N/A N/A
GRV-IACS-24 all  Simple Digital Input 5400001D 54000000 24 N/A N/A N/A
GRV-IDC-24 all  Digital Input 50000011 50000000 24 N/A N/A N/A
GRV-IDCI-12 all  Digital Input 5000000E 50000000 12 N/A N/A N/A
GRV-IDCI-12 all  10-25 VAC 5000000E  500000A2 12 N/A N/A N/A
GRV-IDCIFQ-12 0 Digital Input with Quadrature 5000001A  5000002F 12 N/A N/A N/A
GRV-IDCIFQ-12 1 Digital Input with Quadrature 5000001A  5000002F 12 N/A N/A N/A
GRV-IDCIFQ-12 2 Digital Input with Quadrature Index 5000001A 50000030 12 N/A N/A N/A
GRV-IDCIFQ-12 3 Digital Input with Quadrature 5000001A  5000002F 12 N/A N/A N/A
GRV-IDCIFQ-12 4 Digital Input with Quadrature 5000001A  5000002F 12 N/A N/A N/A
GRV-IDCIFQ-12 5 Digital Input with Quadrature Index 5000001A 50000030 12 N/A N/A N/A
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GRV-IDCIFQ-12 6 Digital Input with Quadrature 5000001A  5000002F 12 N/A N/A N/A
GRV-IDCIFQ-12 7 Digital Input with Quadrature 5000001A  5000002F 12 N/A N/A N/A
GRV-IDCIFQ-12 8 Digital Input with Quadrature Index 5000001A 50000030 12 N/A N/A N/A
GRV-IDCIFQ-12 9 Digital Input with Quadrature 5000001A  5000002F 12 N/A N/A N/A
GRV-IDCIFQ-12 10  Digital Input with Quadrature 5000001A  5000002F 12 N/A N/A N/A
GRV-IDCIFQ-12 11 Digital Input with Quadrature Index 5000001A 50000030 12 N/A N/A N/A
GRV-IDCIS-12 all  Simple Digital Input 5400000B 54000000 12 N/A N/A N/A
GRV-IDCS-24 all  Simple Digital Input 54000016 54000000 24 N/A N/A N/A
GRV-IDCSW-12 all  Switch Input, Powered 50000023 50000068 12 N/A N/A N/A
GRV-IICTD-12 all  ICTD Temperature Probe 6000001F 60000031 12 °C -270 150
GRV-IMA-24 all  +20 mA 60000001 60000014 24 mA -20 20
GRV-IMA-24 all  0-20 mA 60000001 60000015 24 mA 0 20
GRV-IMA-24 all  4-20 mA 60000001 60000016 24 mA 4 20
GRV-IMAI-8 all  0-20 mA 60000020 60000015 8 mA 0 20
GRV-IMAI-8 all  4-20 mA 60000020 60000016 8 mA 4 20
GRV-IRTD-8 all  RTD: 1000 Ohm @ 70F Ni 3-wire (°C) 60000024 60000044 8 °C -45 250
GRV-IRTD-8 all RTD: 1000 Ohm @ OC Ni 3-wire (°C) 60000024 60000045 8 °C -60 250
GRV-IRTD-8 all  RTD: 1000 Ohm Pt 3-wire (°C) 60000024 60000046 8 °C -200 850
GRV-IRTD-8 all  RTD: 120 Ohm Ni 3-wire (°C) 60000024 60000047 8 °C -80 260
GRV-IRTD-8 all  RTD: 100 Ohm Ni 3-wire (°C) 60000024 60000048 8 °C -60 250
GRV-IRTD-8 all  RTD: 100 Ohm Pt 3-wire (°C) 60000024 60000049 8 °C -200 850
GRV-IRTD-8 all  RTD: 10 Ohm Cu 3-wire (°C) 60000024  6000004A 8 °C -200 260
GRV-IRTD-8 all  0-8k Ohms (autorange) 60000024  6000004B 8 Ohms 0 8000
GRV-IRTD-8 all  0-4k Ohms (autorange) 60000024 6000004C 8 Ohms 0 4000
GRV-IRTD-8 all  0-2k Ohms (autorange) 60000024  6000004D 8 Ohms 0 2000
GRV-IRTD-8 all  0-1k Ohms (autorange) 60000024 6000004E 8 Ohms 0 1000
GRV-IRTD-8 all  0-800 Ohms (autorange) 60000024  6000004F 8 Ohms 0 800
GRV-IRTD-8 all  0-400 Ohms (autorange) 60000024 60000050 8 Ohms 0 400
GRV-IRTD-8 all  0-200 Ohms (autorange) 60000024 60000051 8 Ohms 0 200
GRV-IRTD-8 all  0-100 Ohms (autorange) 60000024 60000052 8 Ohms 0 100
GRV-IRTD-8 all  0-80 Ohms (autorange) 60000024 60000053 8 Ohms 0 80
GRV-IRTD-8 all  0-40 Ohms (autorange) 60000024 60000054 8 Ohms 0 40
GRV-IRTD-8 all  0-20 Ohms (autorange) 60000024 60000055 8 Ohms 0 20
GRV-IRTD-8 all  0-8k Ohms 60000024 60000056 8 Ohms 0 8000
GRV-IRTD-8 all  0—4k Ohms 60000024  6000003B 8 Ohms 0 4000
GRV-IRTD-8 all  0-2k Ohms 60000024  6000003C 8 Ohms 0 2000
GRV-IRTD-8 all  0-1k Ohms 60000024  6000003D 8 Ohms 0 1000
GRV-IRTD-8 all  0-800 Ohms 60000024 60000057 8 Ohms 0 800
GRV-IRTD-8 all  0-400 Ohms 60000024 60000058 8 Ohms 0 400
GRV-IRTD-8 all  0-200 Ohms 60000024 60000059 8 Ohms 0 200
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GRV-IRTD-8 all  0-100 Ohms 60000024  6000005A 8 Ohms 0 100
GRV-IRTD-8 all  0-80 Ohms 60000024  6000005B 8 Ohms 0 80
GRV-IRTD-8 all  0-40 Ohms 60000024  6000005C 8 Ohms 0 40
GRV-IRTD-8 all  0-20 Ohms 60000024  6000005D 8 Ohms 0 20
GRV-IRTD-8 all  0-10 Ohms 60000024  6000005E 8 Ohms 0 10
GRV-ITM-12 all  +1200 mV 60000026 60000002 12 mV -1200 1200
GRV-ITM-12 all  +600 mV 60000026 60000003 12 mV -600 600
GRV-ITM-12 all  +300 mV 60000026 60000004 12 mV -300 300
GRV-ITM-12 all  +150 mV 60000026 60000005 12 mV -150 150
GRV-ITM-12 all 75 mV 60000026 60000006 12 mV -75 75
GRV-ITM-12 all  £50 mV 60000026 60000007 12 mV -50 50
GRV-ITM-12 all 25 mV 60000026 60000008 12 mV -25 25
GRV-ITM-12 all  Type B Thermocouple (°C) 60000026 60000009 12 °C 0 1820
GRV-ITM-12 all  Type E Thermocouple (°C) 60000026  6000000C 12 °C -270 1000
GRV-ITM-12 all  Type J Thermocouple (°C) 60000026  6000000E 12 °C -210 1200
GRV-ITM-12 all  Type K Thermocouple (°C) 60000026 6000000F 12 °C -270 1372
GRV-ITM-12 all  Type N Thermocouple (°C) 60000026 60000010 12 °C -270 1300
GRV-ITM-12 all Type R Thermocouple (°C) 60000026 60000011 12 °C -50 1768
GRV-ITM-12 all  Type S Thermocouple (°C) 60000026 60000012 12 °C -50 1768
GRV-ITM-12 all  Type T Thermocouple (°C) 60000026 60000013 12 °C -270 400
GRV-ITMI-8 all  £1200 mV 60000006 60000002 8 mV -1200 1200
GRV-ITMI-8 all 600 mV 60000006 60000003 8 mV -600 600
GRV-ITMI-8 all 300 mV 60000006 60000004 8 mV -300 300
GRV-ITMI-8 all 150 mV 60000006 60000005 8 mV -150 150
GRV-ITMI-8 all  £75mV 60000006 60000006 8 mV -75 75
GRV-ITMI-8 all  #50 mV 60000006 60000007 8 mV -50 50
GRV-ITMI-8 all  #25mV 60000006 60000008 8 mV -25 25
GRV-ITMI-8 all  Type B Thermocouple (°C) 60000006 60000009 8 °C 0 1820
GRV-ITMI-8 all  Type E Thermocouple (°C) 60000006  6000000C 8 °C -270 1000
GRV-ITMI-8 all  Type J Thermocouple (°C) 60000006  6000000E 8 °C -210 1200
GRV-ITMI-8 all  Type K Thermocouple (°C) 60000006  6000000F 8 °C -270 1372
GRV-ITMI-8 all  Type N Thermocouple (°C) 60000006 60000010 8 °C -270 1300
GRV-ITMI-8 all  Type R Thermocouple (°C) 60000006 60000011 8 °C -50 1768
GRV-ITMI-8 all  Type S Thermocouple (°C) 60000006 60000012 8 °C -50 1768
GRV-ITMI-8 all  Type T Thermocouple (°C) 60000006 60000013 8 °C -270 400
GRV-ITR-12 all  Thermistor: 2252 Curve (°C) 60000021 6000003F 12 °C -40 150
GRV-ITR-12 all  Thermistor: 3K Curve (°C) 60000021 60000040 12 °C -40 150
GRV-ITR-12 all  Thermistor: 10K Type 2 Curve (°C) 60000021 60000041 12 °C -40 150
GRV-ITR-12 all  Thermistor: 10K Type 3 Curve (°C) 60000021 60000042 12 °C -40 150
GRV-ITR-12 all  Thermistor: Custom Curve (°C) 60000021 60000043 12 °C -40 150

20 OptoMMP Protocol Guide



Part number

o
(7]
2
-y
o
<

Description

Module ID

CHAPTER 2: OVERVIEW OF PROGRAMMING

Channel ID

Channels

per module

Low Scale

High Scale

GRV-ITR-12 all  0-400k Ohms (autorange) 60000021 60000032 12  Ohms 0 400000
GRV-ITR-12 all  0-400k Ohms 60000021 60000033 12  Ohms 0 400000
GRV-ITR-12 all  0-200k Ohms 60000021 60000034 12  Ohms 0 200000
GRV-ITR-12 all  0-100k Ohms 60000021 60000035 12  Ohms 0 100000
GRV-ITR-12 all  0-50k Ohms 60000021 60000036 12  Ohms 0 50000
GRV-ITR-12 all  0-40k Ohms 60000021 60000037 12  Ohms 0 40000
GRV-ITR-12 all  0-20k Ohms 60000021 60000038 12  Ohms 0 20000
GRV-ITR-12 all  0-10k Ohms 60000021 60000039 12  Ohms 0 10000
GRV-ITR-12 all  0-5k Ohms 60000021  6000003A 12  Ohms 0 5000
GRV-ITR-12 all  0—4k Ohms 60000021 6000003B 12  Ohms 0 4000
GRV-ITR-12 all  0-2k Ohms 60000021  6000003C 12  Ohms 0 2000
GRV-ITR-12 all  0-1k Ohms 60000021 6000003D 12  Ohms 0 1000
GRV-ITR-12 all  0-500 Ohms 60000021 6000003E 12  Ohms 0 500
GRV-ITR-12 0 Disabled 60000021 600000A3 12 N/A 0 0
GRV-ITR-12 0 FastADC, Thermistor: 2252 Curve (°C) 60000021  600000B1 12 °C -40 150
GRV-ITR-12 0 FastADC, Thermistor: 3K Curve (°C) 60000021 600000B2 12  °C -40 150
GRV-ITR-12 0 FastADC, Thermistor: 10K Type 2 Curve (°C) 60000021 600000B3 12  °C -40 150
GRV-ITR-12 0 FastADC, Thermistor: 10K Type 3 Curve (°C) 60000021 600000B4 12 °C -40 150
GRV-ITR-12 0 FastADC, Thermistor: Custom Curve (°C) 60000021 600000B5 12 °C -40 150
GRV-ITR-12 0 FastADC, 0—400k Ohms (autorange) 60000021 600000A4 12  Ohms 0 400000
GRV-ITR-12 0 FastADC, 0—400k Ohms 60000021 600000A5 12  Ohms 0 400000
GRV-ITR-12 0 FastADC, 0—-200k Ohms 60000021 600000A6 12  Ohms 0 200000
GRV-ITR-12 0 FastADC, 0-100k Ohms 60000021 600000A7 12  Ohms 0 100000
GRV-ITR-12 0 FastADC, 0-50k Ohms 60000021 600000A8 12  Ohms 0 50000
GRV-ITR-12 0 FastADC, 0-40k Ohms 60000021 600000A9 12  Ohms 0 40000
GRV-ITR-12 0 FastADC, 0-20k Ohms 60000021 600000AA 12 Ohms 0 20000
GRV-ITR-12 0 FastADC, 0-10k Ohms 60000021 600000AB 12  Ohms 0 10000
GRV-ITR-12 0 FastADC, 0-5k Ohms 60000021 600000AC 12  Ohms 0 5000
GRV-ITR-12 0 FastADC, 0—4k Ohms 60000021 600000AD 12  Ohms 0 4000
GRV-ITR-12 0 FastADC, 0—2k Ohms 60000021 600000AE 12  Ohms 0 2000
GRV-ITR-12 0 FastADC, 0-1k Ohms 60000021 600000AF 12  Ohms 0 1000
GRV-ITR-12 0 FastADC, 0-500 Ohms 60000021 600000B0 12  Ohms 0 500
GRV-ITR-12 1-11  Thermistor: 2252 Curve (°C) 60000021  6000003F 12 °C -40 150
GRV-ITR-12 1-11  Thermistor: 3K Curve (°C) 60000021 60000040 12 °C -40 150
GRV-ITR-12 1-11  Thermistor: 10K Type 2 Curve (°C) 60000021 60000041 12  °C -40 150
GRV-ITR-12 1-11  Thermistor: 10K Type 3 Curve (°C) 60000021 60000042 12 °C -40 150
GRV-ITR-12 1-11  Thermistor: Custom Curve (°C) 60000021 60000043 12  °C -40 150
GRV-ITR-12 1-11  0-400k Ohms (autorange) 60000021 60000032 12  Ohms 0 400000
GRV-ITR-12 1-11  0-400k Ohms 60000021 60000033 12  Ohms 0 400000
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GRV-ITR-12 1-11  0-200k Ohms 60000021 60000034 12  Ohms 0 200000
GRV-ITR-12 1-11  0-100k Ohms 60000021 60000035 12  Ohms 0 100000
GRV-ITR-12 1-11  0-50k Ohms 60000021 60000036 12  Ohms 0 50000
GRV-ITR-12 1-11  0-40k Ohms 60000021 60000037 12  Ohms 0 40000
GRV-ITR-12 1-11  0-20k Ohms 60000021 60000038 12  Ohms 0 20000
GRV-ITR-12 1-11  0-10k Ohms 60000021 60000039 12  Ohms 0 10000
GRV-ITR-12 1-11  0-5k Ohms 60000021  6000003A 12  Ohms 0 5000
GRV-ITR-12 1-11  0—4k Ohms 60000021  6000003B 12  Ohms 0 4000
GRV-ITR-12 1-11  0-2k Ohms 60000021  6000003C 12  Ohms 0 2000
GRV-ITR-12 1-11  0-1k Ohms 60000021  6000003D 12  Ohms 0 1000
GRV-ITR-12 1-11  0-500 Ohms 60000021  6000003E 12  Ohms 0 500
GRV-ITR-12 1-11  Disabled 60000021  600000A3 12 N/A 0 0
GRV-IV-24 all  +160V 60000002 60000024 24 V -160 160
GRV-IV-24 all  +80V 60000002  6000000D 24 V -80 80
GRV-IV-24 all  +40V 60000002  6000000B 24 V -40 40
GRV-IV-24 all 20V 60000002  6000000A 24 V -20 20
GRV-IV-24 all 10V 60000002 60000017 24 V -10 10
GRV-IV-24 all 5V 60000002 60000019 24 V -5 5
GRV-IV-24 all 25V 60000002 60000025 24 V -2.5 25
GRV-IV-24 all  #1.25V 60000002 60000001 24 V -1.25 1.25
GRV-IVAPM-3: Additional parameters are available for configuration. See page 29 for details.
GRV-IVAPM-3 0@ 0-600 Vrms Delta 6000002A 60000087 64  Vrms 0 600
GRV-IVAPM-3 0@ 0-520 Vrms Delta 6000002A 60000088 64  Vrms 0 520
GRV-IVAPM-3 02 0-260 Vrms Delta 6000002A  6000008A 64  Vrms 0 260
GRV-IVAPM-3 0@ 0-400 Vrms Wye 6000002A 60000089 64  Vrms 0 400
GRV-IVAPM-3 0@ 0-300 Vrms Wye 6000002A  6000008E 64  Vrms 0 300
GRV-IVAPM-3 0@ 0-150 Vrms Wye 6000002A  6000008B 64  Vrms 0 150
GRV-IVAPM-3 1 0-5 Arms CT 6000002A  6000008C 64  Arms 0 bEUI-
GRV-IVAPM-3 1 0-1 Vrms CT 6000002A  600000A1 64  Arms 0 scale
GRV-IVAPM-3 1 0-0.333 Vims CT 6000002A  6000008D 64 Arms O Current
GRV-IVAPM-3 2 True Power 6000002A  6000008F 64 W -1¢ 1¢
GRV-IVAPM-3 3 Reactive Power 6000002A 60000090 64  VAr 0 1¢
GRV-IVAPM-3 4 Apparent Power 6000002A 60000091 64 VA 0 1¢
GRV-IVAPM-3 5 Power Factor 6000002A 60000092 64 N/A -1 1
GRV-IVAPM-3 6 Peak Voltage 6000002A 60000093 64 V -1¢ 1¢
GRV-IVAPM-3 7 Peak Current 6000002A 60000094 64 A -1¢ 1¢
GRV-IVAPM-3 8 Frequency 6000002A 60000095 64 Hz 0° 1¢
GRV-IVAPM-3 9 True Power At Fundamental Freq 6000002A 60000096 64 W -1¢ 1€
GRV-IVAPM-3 10 Harmonic True Power 6000002A 60000097 64 W -1¢ 1¢
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GRV-IVAPM-3 1" Reactive Power At Fundamental Freq 6000002A 60000098 64 VAr -1¢ 1€
GRV-IVAPM-3 12 Average Reactive Power 6000002A 60000099 64  VAr -1¢ 1€
GRV-IVAPM-3 13 Net Energy 6000002A  6000009A 64  kWh -1d 1d
GRV-IVAPM-3 14 Positive Energy 6000002A  6000009C 64  kWh ¢ 1@
GRV-IVAPM-3 15 Negative Energy 6000002A  6000009D 64  kWh -1d 1d
GRV-IVAPM-3 16 Net Reactive Energy 6000002A  6000009E 64  kVArh  -19 1@
GRV-IVAPM-3 17 Apparent Energy 6000002A  6000009F 64  kVAh -1d 1d
GRV-IVAPM-3 182  0-600 Vrms Delta 6000002A 60000087 64  Vrms 0 600
GRV-IVAPM-3 182 0-520 Vrms Delta 6000002A 60000088 64  Vrms 0 520
GRV-IVAPM-3 182 0-260 Vrms Delta 6000002A  6000008A 64  Vrms 0 260
GRV-IVAPM-3 182 0—400 Vrms Wye 6000002A 60000089 64  Vrms 0 400
GRV-IVAPM-3 182 0-300 Vrms Wye 6000002A  6000008E 64  Vrms 0 300
GRV-IVAPM-3 182 0-150 Vrms Wye 6000002A  6000008B 64  Vrms 0 150
GRV-IVAPM-3 19 0-5 Arms CT 6000002A  6000008C 64  Arms 0 bEU-
GRV-IVAPM-3 19 0-1 Vrms CT 6000002A  600000A1 64  Arms 0 scale
GRV-IVAPM-3 19 0-0.333Vrms CT 6000002A  6000008D 64 Arms 0 QTS
GRV-IVAPM-3 20 True Power 6000002A  6000008F 64 W -1° 1¢
GRV-IVAPM-3 21 Reactive Power 6000002A 60000090 64 VAr 0 1¢
GRV-IVAPM-3 22 Apparent Power 6000002A 60000091 64 VA 0 1°
GRV-IVAPM-3 23 Power Factor 6000002A 60000092 64  N/A = 1
GRV-IVAPM-3 24 Peak Voltage 6000002A 60000093 64 V -1° 1¢
GRV-IVAPM-3 25 Peak Current 6000002A 60000094 64 A -1C 1¢
GRV-IVAPM-3 26 Frequency 6000002A 60000095 64 Hz 0° 1¢
GRV-IVAPM-3 27 True Power At Fundamental Freq 6000002A 60000096 64 W -1¢ 1
GRV-IVAPM-3 28 Harmonic True Power 6000002A 60000097 64 W -1° 1¢
GRV-IVAPM-3 29 Reactive Power At Fundamental Freq 6000002A 60000098 64  VAr -1¢ 1
GRV-IVAPM-3 30 Average Reactive Power 6000002A 60000099 64  VAr -1¢ 1°¢
GRV-IVAPM-3 31 Net Energy 6000002A  6000009A 64  kWh -1d qd
GRV-IVAPM-3 32 Positive Energy 6000002A  6000009C 64  kWh -1d 1d
GRV-IVAPM-3 33 Negative Energy 6000002A  6000009D 64  kWh -1d qd
GRV-IVAPM-3 34 Net Reactive Energy 6000002A  6000009E 64  kVArh -1 1d
GRV-IVAPM-3 35 Apparent Energy 6000002A  6000009F 64  kVAh -1d qd
GRV-IVAPM-3 362  0-600 Vrms Delta 6000002A 60000087 64  Vrms 0 600
GRV-IVAPM-3 362  0-520 Vrms Delta 6000002A 60000088 64  Vrms 0 520
GRV-IVAPM-3 362  0-260 Vrms Delta 6000002A  6000008A 64  Vrms 0 260
GRV-IVAPM-3 362  0-400 Vrms Wye 6000002A 60000089 64  Vrms 0 400
GRV-IVAPM-3 362  0-300 Vrms Wye 6000002A  6000008E 64  Vrms 0 300
GRV-IVAPM-3 362  0-150 Vrms Wye 6000002A  6000008B 64  Vrms 0 150
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GRV-IVAPM-3 37 0-5 Arms CT 6000002A  6000008C 64 Arms O bEUL-
GRV-IVAPM-3 37 0-1Vrms CT 6000002A  600000A1 64 Arms O scale
GRV-IVAPM-3 37 0-0.333Vrms CT 6000002A  6000008D 64 Arms 0 Current
GRV-IVAPM-3 38 True Power 6000002A  6000008F 64 W e e
GRV-IVAPM-3 39 Reactive Power 6000002A 60000090 64  VAr 0 1¢
GRV-IVAPM-3 40 Apparent Power 6000002A 60000091 64 VA 0 1€
GRV-IVAPM-3 41 Power Factor 6000002A 60000092 64  N/A -1 1
GRV-IVAPM-3 42 Peak Voltage 6000002A 60000093 64 V e e
GRV-IVAPM-3 43 Peak Current 6000002A 60000094 64 A -1° 1¢
GRV-IVAPM-3 44 Frequency 6000002A 60000095 64 Hz 0° 1°
GRV-IVAPM-3 45 True Power At Fundamental Freq 6000002A 60000096 64 w -1¢ 1¢
GRV-IVAPM-3 46 Harmonic True Power 6000002A 60000097 64 W -1¢ 1¢
GRV-IVAPM-3 47 Reactive Power At Fundamental Freq 6000002A 60000098 64 VAr -1¢ 1¢
GRV-IVAPM-3 48 Average Reactive Power 6000002A 60000099 64  VAr AC e
GRV-IVAPM-3 49 Net Energy 6000002A  6000009A 64  kWh -1d 1d
GRV-IVAPM-3 50 Positive Energy 6000002A  6000009C 64  kWh -1d qd
GRV-IVAPM-3 51 Negative Energy 6000002A  6000009D 64  kWh -1d 1d
GRV-IVAPM-3 52 Net Reactive Energy 6000002A  6000009E 64  kVArh  -19 qd
GRV-IVAPM-3 53 Apparent Energy 6000002A  6000009F 64  kVAh -1d 1d
GRV-IVAPM-3 54 Total True Power (all phases) 6000002A  6000008F 64 W AC e
GRV-IVAPM-3 55 Total Reactive Power 6000002A 60000090 64  VAr 0 1¢
GRV-IVAPM-3 56 Total Apparent Power 6000002A 60000091 64 VA 0 e
GRV-IVAPM-3 57 Total Net Energy 6000002A  6000009A 64  kWh -1d 1d
GRV-IVAPM-3 58 Total Unsigned Energy 6000002A  6000009B 64  kWh -1d qd
GRV-IVAPM-3 59 Total Positive Energy 6000002A  6000009C 64  kWh -1d 1d
GRV-IVAPM-3 60 Total Negative Energy 6000002A  6000009D 64  kWh -1d qd
GRV-IVAPM-3 61 Total Net Reactive Energy 6000002A  6000009E 64  kVArh  -19 1d
GRV-IVAPM-3 62 Total Apparent Energy 6000002A  6000009F 64  kVAh -1d qd
GRV-IVAPM-3 63 Average Power Factor (all phases) 6000002A 60000092 64 N/A -1 1

Notes for GRV-IVAPM-3:

a Channels 0, 18, and 36 must be set to the same channel ID.

b See “Additional Configuration Parameters for GRV-IVAPM-3 & GRV-R7-11VAPM-3” on page 29.

c Actual low scale and high scale values depend on configured values. See “Additional Configuration Parameters for GRV-IVAPM-3 &
GRV-R7-11VAPM-3” on page 29.

d See “Reading and Writing Energy Values in GRV-IVAPM-3 & GRV-R7-11VAPM-3” on page 31.

GRV-IVI-12 all  +160V 60000025 60000024 12 V -160 160
GRV-IVI-12 all  +80V 60000025  6000000D 12 V -80 80
GRV-1VI-12 all 40V 60000025  6000000B 12 V -40 40
GRV-IVI-12 all 20V 60000025  6000000A 12 V -20 20
GRV-1VI-12 all 10V 60000025 60000017 12 V -10 10
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GRV-IVI-12 all 5V 60000025 60000019 12 V -5 B
GRV-IVI-12 all  #25V 60000025 60000025 12 V -2.5 25
GRV-IVI-12 all 125V 60000025 60000001 12 V -1.25 1.25
GRV-IVIRMS-10 all 0-300 Vs 60000028  6000007C 10 Vs 0 300
GRV-IVIRMS-10 all 0-150 Vs 60000028  6000007D 10 Vs 0 150
GRV-IVIRMS-10 all 0-60 Vs 60000028  6000007E 10 Vs 0 60
GRV-IVIRMS-10 all 0-30 Vs 60000028  6000007F 10 Vs 0 30
GRV-IVIRMS-10 all 0-20 Vs 60000028 60000080 10 Vs 0 20
GRV-IVIRMS-10 all 0-10 Vs 60000028 60000081 10 Vs 0 10
GRV-IVIRMS-10 all 0-5 Vs 60000028 60000082 10 Vs 0 5
GRV-IVIRMS-10 all 0—1 Vs 60000028 60000083 10 Vs 0 1
GRV-IVIRMS-10 all 0-0.5 Vs 60000028 60000084 10 Vs 0 0.5
GRV-MM1001-10 0-3 5-30 VDC FO00002B 50000079 10 VDC B 30
GRV-MM1001-10 0-3 Switch Input, Powered FO00002B 50000068 10 N/A N/A N/A
GRV-MM1001-10 0-3 5-30 VDC FO00002B  9000007B 10  VDC B 30
GRV-MM1001-10 0-3 +150 mV FO00002B 60000005 10 mV -150 150
GRV-MM1001-10 0-3 +75 mV FO00002B 60000006 10 mV -75 75
GRV-MM1001-10 0-3 +25 mV FO00002B 60000008 10 mV -25 25
GRV-MM1001-10 0-3 Type B Thermocouple (°C) FO00002B 60000009 10 °C 0 1820
GRV-MM1001-10 0-3 Type E Thermocouple (°C) FO00002B  6000000C 10 °C -270 1000
GRV-MM1001-10 0-3 Type J Thermocouple (°C) FO00002B  6000000E 10 °C -210 1200
GRV-MM1001-10 0-3 Type K Thermocouple (°C) FO00002B  6000000F 10 °C -270 1372
GRV-MM1001-10 0-3 Type N Thermocouple (°C) FO00002B 60000010 10 °C -270 1300
GRV-MM1001-10 0-3 Type R Thermocouple (°C) FO00002B 60000011 10 °C -50 1768
GRV-MM1001-10 0-3 Type S Thermocouple (°C) FO00002B 60000012 10 °C -50 1768
GRV-MM1001-10 0-3 Type T Thermocouple (°C) FO00002B 60000013 10 °C -270 400
GRV-MM1001-10 0-3 0-20 mA FO00002B 60000015 10 mA 0 20
GRV-MM1001-10 0-3 4-20 mA FO00002B 60000016 10 mA 4 20
GRV-MM1001-10 0-3 0-10V FO00002B 60000018 10 V 0 10
GRV-MM1001-10 0-3 ICTD Temperature Probe FO00002B 60000031 10 °C -270 150
GRV-MM1001-10 0-3 0-400k Ohms FO00002B 60000033 10  Ohms 0 400000
GRV-MM1001-10 0-3 Thermistor: 2252 Curve (°C) FO00002B  6000003F 10 °C -40 150
GRV-MM1001-10 0-3 Thermistor: 3K Curve (°C) FO00002B 60000040 10 °C -40 150
GRV-MM1001-10 0-3 Thermistor: 10K Type 2 Curve (°C) FO00002B 60000041 10 °C -40 150
GRV-MM1001-10 0-3 Thermistor: 10K Type 3 Curve (°C) FO00002B 60000042 10 °C -40 150
GRV-MM1001-10 0-3 Thermistor: Custom Curve (°C) F000002B 60000043 10 °C -40 150
GRV-MM1001-10 4-7 5-30 VDC FO00002B 50000079 10 VDC B 30
GRV-MM1001-10 4-7 Switch Input, Powered FO00002B 50000068 10 N/A N/A N/A
GRV-MM1001-10 4-7 5-30 VDC FO00002B  9000007B 10  VDC B 30
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2 =) a @3 2 2
Part number § Description % g g E b »

-3 ° = < 3 <

& 2 5 58 5 7
GRV-MM1001-10 4-7 0-10V F000002B 60000018 10 V 0 10
GRV-MM1001-10 4-7 ICTD Temperature Probe F000002B 60000031 10 °C -270 150
GRV-MM1001-10 4-7 0-400k Ohms F000002B 60000033 10 Ohms 0 400000
GRV-MM1001-10 4-7 Thermistor: 2252 Curve (°C) F000002B  6000003F 10 °C -40 150
GRV-MM1001-10 4-7 Thermistor: 3K Curve (°C) F000002B 60000040 10 °C -40 150
GRV-MM1001-10 4-7 Thermistor: 10K Type 2 Curve (°C) F000002B 60000041 10 °C -40 150
GRV-MM1001-10 4-7 Thermistor: 10K Type 3 Curve (°C) F000002B 60000042 10 °C -40 150
GRV-MM1001-10 4-7 Thermistor: Custom Curve (°C) F000002B 60000043 10 °C -40 150
GRV-MM1001-10 4-7 0-20 mA F000002B  AO00001B 10 mA 0 20
GRV-MM1001-10 4-7 0-10V F000002B  A0000020 10 V 0 10
GRV-MM1001-10 8-9 Form C Relay F000002B 94000078 10 N/A N/A N/A
GRV-OAC-12 all  Digital Output 90000012 90000000 12 N/A N/A N/A
GRV-OACI-12 all  Digital Output 90000014 90000000 12 N/A N/A N/A
GRV-OACIS-12 all  Simple Digital Output 94000017 94000000 12 N/A N/A N/A
GRV-OACS-12 all  Simple Digital Output 9400001C 94000000 12 N/A N/A N/A
GRV-ODCI-12 all  Digital Output 90000015 90000000 12 N/A N/A N/A
GRV-ODCIS-12 all  Simple Digital Output 94000018 94000000 12 N/A N/A N/A
GRV-ODCSRC-24 all  Digital Output 90000013 90000000 24 N/A N/A N/A
GRV-OMRIS-8 all  Simple Digital Output 94000019 94000000 8 N/A N/A N/A
GRV-OVMAILP-8 all  0-20 mA A0000004  A000001B 8 mA 0 20
GRV-OVMAILP-8 all 0-24mA A0000004  A000001C 8 mA 0 24
GRV-OVMAILP-8 all  4-20 mA A0000004  A000001D 8 mA 4 20
GRV-OVMAILP-8 al 0-10V A0000004  A0000020 8 \ 0 10
GRV-OVMAILP-8 al 05V A0000004  A0000022 8 \ 0 5
GRV-OVMAILP-8 all  Analog Hi-Z A0000004  A0000023 8 None 0 0
GRV-OVMALC-8 all  0-20 mA A0000003  A000001B 8 mA 0 20
GRV-OVMALC-8 all 0-24mA A0000003  A000001C 8 mA 0 24
GRV-OVMALC-8 all  4-20 mA A0000003  A000001D 8 mA 4 20
GRV-OVMALC-8 al 10V A0000003  AO00001F 8 \ -10 10
GRV-OVMALC-8 al 010V A0000003  A0000020 8 \ 0 10
GRV-OVMALC-8 al 5V A0000003  A0000021 8 \ -5 5
GRV-OVMALC-8 al 05V A0000003  A0000022 8 \ 0 5
GRV-OVMALC-8 all  Analog Hi-Z A0000003  A0000023 8 None 0 0

Configuring 1/0 Channels for groov RIO Modules

You can configure groov RIO modules in three ways:

«  PAC Control—If you are using PAC Control to create a strategy for your groov EPIC or SNAP PAC
controller, configure channels there while you are programming your strategy.
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« groov Manage—If your control program is not a PAC Control strategy, or if you are not using a control
program, configure channels in groov Manage using a web browser on a computer or mobile device.
Configurations are automatically saved to flash memory.

«  OptoMMP—If OptoMMP is the ONLY communication to the groov RIO, then configure I/O channels
using the tables of configuration values on the following pages.

The module ID is a read-only value that identifies the type of module. Each groov RIO model is associated with
a unique module ID as follows:

«  GRV-R7-MM1001-10 (groov RIO MM1): module ID 0xF0000022
«  GRV-R7-MM2001-10 (groov RIO MM2): module ID 0xF000002C
«  GRV-R7-1TVAPM-3 (groov RIO EMU): module ID 0x6000002D

groov RIO Universal /0 Modules (groov RIO MM1 and groov RIO MM2)

For GRV-R7-MM1001-10 and GRV-R7-MM2001-10, use the following channel IDs to configure each channel.
Check the column at the far left to make sure the channel you're configuring can use the signal you want.

IMPORTANT: Thermocouple inputs and discrete sinking outputs cannot be mixed on channels 0-3.
To achieve the best thermocouple accuracy when also using current outputs or discrete outputs, always configure
thermocouples on the lowest channel numbers and outputs on the highest channel numbers.

Function
Discrete DC input with
features (see page 186)

Simple discrete DC input
(on/off state only)

Discrete switch input with
features (see page 186)

Simple discrete switch input
(on/off state only)

Discrete DC output, sinking
Analog current input
Analog current input
Thermocouple input
Thermocouple input
Thermocouple input
Thermocouple input
Thermocouple input
Thermocouple input
Thermocouple input
Thermocouple input
Analog millivolt input
Analog millivolt input
Analog millivolt input
Analog voltage input
Resistor input

ICTD (with ICTD probe)

Thermistor input

Signal

5-30 VDC

5-30 VDC

Switch input, powered

Switch input, powered

5-30 VDC
0-20 mA
4-20 mA

Type B
Type E
Type J
Type K
Type N
Type R
Type S
Type T
-150 to +150 mV
-75to +75 mV
-25 to +25 mV
0-10 VDC
0-400k Ohms
-40to 100 °C
2252 Curve

Channel ID

(hex)

50000079

5400007A

50000068

54000085

9000007B
60000015
60000016
60000009
6000000C
6000000E
6000000F
60000010
60000011

60000012
60000013
60000005
60000006
60000008
60000018
60000033
60000031

6000003F

Default units

VvDC

VDC

n/a

n/a

VDC
mA
mA
mV
mV
mV
mV
mV
mV
mV
mV
mV
mV
mV

VDC

Ohms
Degrees C
°C

Low High Overrange
Scale Scale
5 30 30
5 30 30
n/a n/a n/a
n/a n/a n/a
5 30 30
0 20 20.8
4 20 2.0t020.8
-75 75 -78to +78
-75 75 -78to0 +78
-75 75 -78to +78
-75 75 -78to +78
-75 75 -78to +78
-75 75 -78to +78
-75 75 -78to +78
-75 75 -78to +78
-150 150 165.0
-75 75 78.0
-25 25 27.5
0 10 1
0 400000 n/a
-40 100 100
-40 150 n/a
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Channels Function Che(a::f)l Ib Default units :;g:; Overrange
0-7 Thermistor input 3K Curve 60000040 °C -40 150 n/a
0-7 Thermistor input 10K Type 2 Curve 60000041 °C -40 150 n/a
0-7 Thermistor input 10K Type 3 Curve 60000042 °C -40 150 n/a
0-7 Thermistor input Custom Curve 60000043 °C -40 150 n/a
4-7 Analog voltage output Oto10V A0000020 Vv 0 10 10
4-7 Analog current output 0to 20 mA A000001B mA 0 20 20
8-9 Mechanical relay output Form C 94000078 n/a n/a n/a n/a

groov RIO Energy Monitoring Units (groov RIO EMU)

For GRV-R7-11VAPM-3, use the following channel IDs. In the Channels column, the first number corresponds to
phase A, the second to phase B, and the third to phase C.

Additional parameters are available for configuration. See page 29 for details.

Channels Description Channel ID Def?ult Low High
(hex) units Scale Scale
0, 18,362 Phase A, B, C: 0-600 Vrms Delta 60000087 Vrms 0 600
0, 18,362 PhaseA, B, C: 0-520 Vrms Delta 60000088 Vrms 0 520
0, 18,362 PhaseA, B, C: 0-260 Vrms Delta 6000008A Vrms 0 260
0, 18,362 PhaseA, B, C: 0-400 Vrms Wye 60000089 Vrms 0 400
0, 18,362 PhaseA, B, C: 0-300 Vrms Wye 6000008E Vrms 0 300
0, 18,362 PhaseA, B, C: 0-150 Vrms Wye 6000008B Vrms 0 150
1,19,37 PhaseA, B, C: 0-5 Arms CT 6000008C Arms 0 PEUII-
1,19,37 PhaseA, B, C: 0-1 Vrms CT 600000A1 Arms 0 scale
1,19,37 PhaseA, B, C: 0-0.333 Vrms CT 6000008D Arms o Current
2,20,38 PhaseA, B, C: True Power 6000008F w -1¢ 1¢
3,21, 39 Phase A, B, C: Reactive Power 60000090 VAr 0 1¢
4,22,40 Phase A, B, C: Apparent Power 60000091 VA 0 1@
5,23, 41 Phase A, B, C: Power Factor 60000092 N/A -1 1
6,24,42 PhaseA, B, C: Peak Voltage 60000093 \% -1¢ 1¢
7,25,43 PhaseA, B, C: Peak Current 60000094 A -1¢ 1¢
8,26,44 PhaseA, B, C: AC Frequency 60000095 Hz 0° 1¢
9,27, 45 E:\eaqs:eﬁ,cs, C: True power at Fundamental 60000096 W -1¢ 1¢
10, 28,46 Phase A, B, C: Harmonic True Power 60000097 w -1¢ 1¢
11, 29, 47 ES?ZZ‘ rﬁéf{a szzi‘:;‘g power at 60000098 VAr -1° 1°
12, 30,48 Phase A, B, C: Average Reactive Power 60000099 VAr -1¢ 1¢
13,31,49 PhaseA, B, C: Net Energy 6000009A kWh -1d 19
14, 32,50 Phase A, B, C: Positive Energy 6000009C kWh d 1d
15,33,51 Phase A, B, C: Negative Energy 6000009D kWh -1d 1d
16, 34,52 Phase A, B, C: Net Reactive Energy 6000009E kVArh d 19
17,35,53 Phase A, B, C: Apparent Energy 6000009F kVAh -1d 19
54 Total True Power (all phases) 6000008F w -1¢ 1¢
55 Total Reactive Power 60000090 VAr 0 1°©
56 Total Apparent Power 60000091 VA 0 1¢
57 Total Net Energy 6000009A kWh -1d 1d
58 Total Unsigned Energy 60000098 kWh d 19
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Parameter

Full-scale Current

Potential Transformer
Turns Ratio

Minimum Voltage
Threshold Ratio

Special Wiring
Configuration (Electri-
cal Service Type)

Minimum Current
Threshold

Power Creep
Adjustment

Transformer Phase
Compensation

Channels Description
59 Total Positive Energy
60 Total Negative Energy
61 Total Net Reactive Energy
62 Total Net Apparent Energy
63 Average Power Factor (all phases)

CHAPTER 2: OVERVIEW OF PROGRAMMING

Channel ID

(hex)

6000009C
6000009D
6000009E
6000009F
60000092

Low High
Scale Scale
-1d 19
1 d 1d
1 d 1d
1d qd
-1 1

a Channels 0, 18, and 36 must be set to the same channel ID.
b See “Additional Configuration Parameters for GRV-IVAPM-3 & GRV-R7-11VAPM-3” on page 29.

¢ Actual low scale and high scale values depend on configured values. See “Additional Configuration Parame-
ters for GRV-IVAPM-3 & GRV-R7-11VAPM-3” on page 29.
d See “Reading and Writing Energy Values in GRV-IVAPM-3 & GRV-R7-11VAPM-3” on page 31.

Additional Configuration Parameters for GRV-IVAPM-3 & GRV-R7-11"VAPM-3

The following configuration parameters are available only for:
«  groov |/O power monitoring module (GRV-IVAPM-3)

«  groov RIO EMU energy monitoring unit (GRV-R7-1TVAPM-3)

Description

(Required) Full-scale current in amps for the CT used

on the associated phase. Examples:

e 0-5ACT, where 5Ais measured on the
secondary indicates 100 A in the associated
phase: configure Full-scale Current as 100.0 A

e 0-0.333 V CT, where 0.333 V means 25 Aiin the
associated phase: configure Full-scale Current as
25.0A

(Optional) Configure separately for each channel.
Float. The number of turns in the potential transformer
primary winding divided by the number of turns in the
secondary winding. Default of 1.0 means no potential
transformer is in use for the associated phase.

(Optional) Configure separately for each channel.
Float indicating the fraction of the high-scale voltage
below which the module will set all measured values
for this phase (except energy totals) to zero."

(Optional) Configuration for the entire module. Integer
value indicating electrical hookup information. Default
indicates common 3-phase delta or wye hookup with
3 CTs. (No additional values supported at this time.)

(Optional) Configure separately for each channel.
Float in RMS amps indicating minimum current below
which all measurements for this phase (except volt-
age and energy totals) are set to zero.

(Optional) Configure separately for each channel.
Float as a % of full-scale apparent power (full-scale
Vrms * full-scale Irms) that specifies the power thresh-
old below which all measured values for the phase
(except Vrms, Irms, and energy totals) are set to
zero.?

(Optional) Configure separately for each channel.
Float in units of degrees (°) that adjusts the phase dif-
ference between the voltage and current channels.
Possible range: —-8.0 to 8.0

Channels

1,19, 37

0,18, 36

0,18, 36

1,19, 37

2,20, 38

3, 21,39

Default value

5.0Afor0-5ACT
1.0Afor0-1VCT
1.0 Afor 0-0.333 V

CT

0.0%

Memmap section

Analog & Digital Config-
uration (Gain address;
see F010 0010),

page 99

Analog & Digital Config-
uration (Gain address;
see F010 0010),

page 99

Analog & Digital Config-
uration (Offset address,
F010 000C), page 99

Analog & Digital Config-
uration (SMA address;
see F010 0088),

page 99

Analog & Digital Config-
uration (Offset address;
see F010 000C),

page 99

Analog & Digital Config-
uration (Offset address;
see F010 000C),

page 99

Analog & Digital Config-
uration (Offset address;
see F010 000C),

page 99
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Parameter Description Channels  Default value Memmap section

1 For example, if you’ve configured the channel as type 0-520 Vrms Delta and set the Minimum Voltage Threshold Ratio to 0.05, all input
values (except energy totals) for this phase will be set to 0 when the voltage measured on this phase drops below (520*0.05) = 26 Vrms.
To set all input values for this phase to zero regardless of the measured voltage (to disable this phase), set the Minimum Voltage Thresh-
old Ratio to 1.0.

2 For example, to set all power values for this phase to zero when the power drops below 10%, enter 10.0. If you've configured the chan-
nel as type 0-300 Vrms Wye and set Full-scale Current to 50 Arms, all values for this phase will be set to zero when apparent power is
below 300 Vrms * 50 Arms * 0.10 = 1500 VA.
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Reading and Writing Energy Values in GRV-IVAPM-3 & GRV-R7-1M"VAPM-3

This section applies only to:
«  groov |/0 power monitoring module (GRV-IVAPM-3)
«  groov RIO energy monitoring unit (EMU) (GRV-R7-11VAPM-3)

These modules provide accumulated energy at the following channels:

Channels Phase

13-17 A
31-35 B
49-53 Cc
57-62 Totals for All Phases

On all these channels, you can:

«  Read accumulated energy as a 32-bit IEEE floating point value in units of kWh (kvarh or kVAh). This value
rolls over at 9,223,372,013,568.0 t0 -9,223,372,013,568.0.

NOTE: With this data type, you lose precision as the magnitude of the value increases. This loss is due to the
properties of the 32-bit IEEE floating-point data type. For more information, see form 2386, Using IEEE Floats in
Opto 22 Products. If your application requires a higher level of precision, use the 64-bit signed integer instead
(see below).

«  Read as a 32-bit signed integer in units of mWh (mvarh or mVAh). This value rolls over at +2,147,483,647
t0 -2,147,483,647.

«  Read as a 64-bit signed integer in units of mWh (mvarh or mVAh). This value rolls over at
9,223,372,036,854,775,807 t0 -9,223,372,036,854,775,808 and is preserved to non-volatile memory every
30 seconds.

«  Write (or read) as a 64-bit signed integer in units of mWh (mvarh or mVAh)
«  Read and clear as a 64-bit signed integer in units of mWh (mvarh or mVAh)

Read Energy Value as a 32-bit IEEE Float
To read accumulated energy as a float, use “(Expanded) Analog Channel Read—Read Only”on page 103.

Determine the base address for the channel using its module position on the chassis and its channel number
in the following equation:

Base address for channel = 0xF0260000 + <position>*0x1000 + <channel number>*0x40

Remember that the groov RIO EMU (GRV-R7-11VAPM-3) always uses module position 0. The groov I/0 power
monitoring module (GRV-IVAPM-3) can be in any module position on the groov EPIC chassis. Examples:

«  The base address for the Positive Energy for phase A (channel 14) of a groov RIO EMU (GRV-R7-11VAPM-3)
is: 0xF0260000 + 0x0*0x1000 + OxE*0x40 = 0xF0260380

»  The base address for the Net Energy for phase B (channel 31) of a GRV-IVAPM-3 module in slot 4 is:
0xF0260000 + 0x4*0x1000 + 0x1F*0x40 = 0xF02647C0

Read Energy Value as a 32-bit or 64-bit Signed Integer

To read accumulated energy as a 32-bit or 64-bit signed integer, you can use the same memory map area as
for a float, “(Expanded) Analog Channel Read—Read Only”on page 103.

1. Determine the base address for the channel using its module position on the chassis and its channel
number in the same way as for a float:

Base address for channel = 0xF0260000 + <position>*0x1000 + <channel number>*0x40
2. Then add the offset for the integer type you want:
- Forasigned 32-bit integer, add 0x20

OptoMMP Protocol Guide 31


https://www.opto22.com/support/resources-tools/documents/2386-using-ieee-floats-in-opto-22-products
https://www.opto22.com/support/resources-tools/documents/2386-using-ieee-floats-in-opto-22-products

CONFIGURING 1/0 CHANNELS

- Forasigned 64-bit integer, add 0x24

Write (or Read) Energy Value as a 64-bit Signed Integer

You can write (and also read) accumulated energy as a 64-bit signed integer using the memory map area
“64-bit Counters—Read/Write"on page 106.

NOTE: Writing an accumulated energy value as a 64-bit signed integer using an 8-byte block write presets the value
and immediately stores it to non-volatile memory. For example, write 0x0 to clear the total energy or write
0x00000000000003E8 to set the value to 1000 mWh (or mvarh or mVAh.)

Determine the base address for the channel you want, using its module position on the chassis and its
channel number in the following equation:

Base address for channel = 0xF02F8000 + <position>*0x200 + <channel number>*0x8

Remember that the groov RIO EMU (GRV-R7-11VAPM-3) always uses module position 0. The groov I/0 power

monitoring module (GRV-IVAPM-3) can be in any module position on the groov EPIC chassis. Examples:

«  The base address for the Positive Energy for phase A (channel 14) of a groov RIO EMU (GRV-R7-11VAPM-3)
is: 0xFO2F8000 4+ 0x0*0x200 + OxE*0x8 = 0xF02F8070

«  The base address for the Net Energy for phase B (channel 31) of a GRV-IVAPM-3 module in position 4 is:
0xFO2F8000 + 0x4*0x200 + OxTF*0x8 = 0xFO2F88F8

Read and Clear Energy Value

To atomically read and clear accumulated energy, use “Read & Clear 64-bit Counters—Read/Write” on

page 102. Reading an accumulated energy value as a 64-bit signed integer using an 8-byte block read
atomically returns the current value and sets the current value to zero in a way that guarantees no
accumulated energy will be lost during the operation. The cleared value is immediately stored to non-volatile
memory after this operation.

Determine the base address for the channel you want, using its module position on the chassis and its
channel number in the following equation:

Base address for channel = 0xF01C8000 + <position>*0x200 + <channel number>*0x8

Remember that the groov RIO EMU (GRV-R7-1TVAPM-3) always uses module position 0. The groov /0 power

monitoring module (GRV-IVAPM-3) can be in any module position on the groov EPIC chassis. Examples:

«  The base address for the Positive Energy for phase A (channel 14) of a groov RIO EMU (GRV-R7-11VAPM-3)
is: 0xFO1C8000 4 0x0*0x200 + OxE*0x8 = 0xFO1C8070

«  The base address for the Net Energy for phase B (channel 31) of a GRV-IVAPM-3 module in position 4 is:
0xFO1C8000 + 0x4*0x200 + 0x1F*0x8 = 0xFO1C88F8

Configuring I/0 Channels for SNAP Analog/Digital 1/0 Units

All SNAP analog/digital I/0 units recognize analog, serial, and high-density digital modules on the rack.
Positions on the rack that don't contain modules the I/O unit recognizes are assumed to contain digital input
modules. If the individual channel types on the module differ from the default type for that module, you must
configure the channels.

You can configure SNAP 1/0 units in three ways:
»  PAC Control—If you are using PAC Control, configure channels there while you are programming your
strategy.

«  PACManager—If you are not using PAC Control, configure channels in PAC Manager and save to flash
memory.

CAUTION: Store to flash only once! Storing to flash memory in a loop can wear out the memory.
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«  OptoMMP —If OptoMMP is the ONLY communication to the SNAP I/O unit, then use the values in the
SNAP 170 module types and channel types tables (starting on page 33) to configure I/0 channels. For
SNAP digital-only I/0 units, G4EB2s, and E1 and E2 brain boards, see page 40.

About ETand E2 brain boards: You can configure ETs and E2s like any other /O unit if you have E1/E2 firmware R1.2a
(and higher) and PAC Project 9.5000 (and higher). Also, if a SNAP PAC controller communicates with the £1 or E2, the
controller must have PAC firmware R9.5a (or higher) to use this simplified configuration method. If you are not using
these firmware and software versions (or if you prefer to use the previous method to reconfigure existing £1s or E25),
see /O Configuration for ET an E2 Brain Boards (form 1576).

SNAP I/0 Module Types and Channel Types

The following tables help you configure channels by showing the part number, the channel type in decimal
and in hex, and the module type in hex (module type is read-only). For analog modules, tables also include
the number of channels per module, the unit of measurement for the module, and its range. (Some older /0O
units cannot use all of these modules; see the module’s data sheet for compatibility.)

Default channel types are shaded. If a channel differs from the default, use the value in the Channel Type (Hex)
column to configure the channel. For example, if the module in position 0 on the rack is a SNAP-AIV with a -5
to +5 Vinput, it is not the default for that module. Therefore, you must configure its channels.

As another example, suppose the module in position 1 on the rack is a 4-channel digital output module. Since
the default is a 4-channel digital input module, you must configure its channels.

In This Section

SNAP Digital Inputs and Outputs Below
SNAP Analog Inputs page 33
SNAP Analog Outputs page 40
Digital-only SNAP and G4EB2 I/0 units. page 40
E1 and E2 brain boards. page 41

SNAP Digital Inputs and Outputs

Channel Type Channel Type

Module & Description Module Type (Hex)

(Dec) (Hex)
4-channel digital input module* 256 100 00
4-channel digital output module* 384 180 00

* High-density digital modules are automatically recognized; channels do not require configuration.

SNAP Analog Inputs

Use this data for configuring channel types (see page 32) and features (see page 43).
If a module has multiple listings, the default channel type is shaded.

—_ o~ 2
%) X X =
é i % K 5 e o
= =0 o 2 o g
2 o 8 = c £ = 8 s =
Part Number & > > 2 g Sg o # 3 ©
Description L =3 @ 3 p 5
g 2 2 ¢ &g 2 ] z 2
€ € 3 £ ° 2 > = 0 o
g & 8 s a
o o = §
SNAP-AIARMS: 0-10 AAC/DC 71 47 71 2 A 0.0 0.0 10.0 11.0
SNAP-AIARMS-i: 0-10 AAC/DC 71 47 29 2 A 0.0 0.0 10.0 11.0
SNAP-AIARMS-i-FM: 0-10 AAC/DC 71 47 29 2 A 0.0 0.0 10.0 11.0
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SNAP-AICTD: ICTD Temp. Probe 4 4 04 2 DegreesC -273.0 -40.0 150.0 150.0
SNAP-AICTD-4: ICTD Temp. Probe 4 4 42 4 DegreesC -273.0 -40.0 150.0 150.0
SNAP-AICTD-8: ICTD Temp. Probe 4 4 4C 8 DegreesC -273.0 -40.0 150.0 150.0
SNAP-AILC: -2 to +2 mV/V Fast 34 22 0B 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AILC: -2 to +2 mV/V Slow 36 24 0B 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AILC: -3 to +3 mV/V Fast 35 23 0B 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AILC: -3 to +3 mV/V Slow 37 25 0B 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AILC: Filter of 1st channel 0 0 0B 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AILC-2: -3 to +3 mV/V Fast 35 23 0C 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AILC-2: -3 to +3 mV/V Slow 37 25 0C 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AILC-2: -4 to +4 mV/V Fast 34 22 0C 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AILC-2: -4 to +4 mV/V Slow 36 24 0C 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AILC-2: Filter of 1st channel 0 0 0C 2 Percent -110.0 -100.0 100.0 110.0
SNAP-AIMA: -20 to +20 mA 64 40 64 2 mA -22.0 -20.0 20.0 22.0
SNAP-AIMA: 0 to +20 mA 2 2 64 2 mA -22.0 0.0 20.0 22.0
SNAP-AIMA: 4 to +20 mA 3 3 64 2 mA -22.0 4.0 20.0 22.0
SNAP-AIMA2-i: -1 to +1 mA 85 55 27 2 mA -1.1 -1.0 1.0 11
SNAP-AIMA-i: -20 to +20 mA 64 40 22 2 mA -22.0 -20.0 20.0 22.0
SNAP-AIMA-i: 0 to +20 mA 2 2 22 2 mA -22.0 0.0 20.0 22.0
SNAP-AIMA-i: 4 to +20 mA 3 3 22 2 mA -22.0 4.0 20.0 22.0
SNAP-AIMA-iH: 4 to +20 mA 3 3 2A 2 mA 3.2 4.0 20.0 24.0
SNAP-AIMA-iSRC: -20 to +20 mA 64 40 26 2 mA -22.0 -20.0 20.0 22.0
SNAP-AIMA-iSRC: 0 to +20 mA 2 2 26 2 mA -22.0 0.0 20.0 22.0
SNAP-AIMA-iSRC: 4 to +20 mA 3 3 26 2 mA -22.0 4.0 20.0 22.0
SNAP-AIMA-iSRC-FM: -20 to +20 mA 64 40 26 2 mA -22.0 -20.0 20.0 22.0
SNAP-AIMA-iSRC-FM: 0 to +20 mA 2 2 26 2 mA -22.0 0.0 20.0 22.0
SNAP-AIMA-iISRC-FM: 4 to +20 mA 3 3 26 2 mA -22.0 4.0 20.0 22.0
SNAP-AIMA-4: -20 to +20 mA 64 40 40 4 mA -22.0 -20.0 20.0 22.0
SNAP-AIMA-4: 0 to +20 mA 2 2 40 4 mA -22.0 0.0 20.0 22.0
SNAP-AIMA-4: 4 to +20 mA 3 3 40 4 mA -22.0 4.0 20.0 22.0
SNAP-AIMA-8: -20 to +20 mA 64 40 4A 8 mA -22.0 -20.0 20.0 22.0
SNAP-AIMA-8: 0 to +20 mA 2 2 4A 8 mA -22.0 0.0 20.0 22.0
SNAP-AIMA-8: 4 to +20 mA 3 3 4A 8 mA -22.0 4.0 20.0 22.0
SNAP-AIMA-32: -20 to +20 mA 64 40 4D 32 mA -22.0 -20.0 20.0 22.0
SNAP-AIMA-32: 0 to +20 mA 2 2 4D 32 mA -22.0 0.0 20.0 22.0
SNAP-AIMA-32: 4 to +20 mA 3 3 4D 32 mA -22.0 4.0 20.0 22.0
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SNAP-AIMA-32-FM: -20 to +20 mA 64 40 4D 32 mA -22.0 -20.0 20.0 22.0
SNAP-AIMA-32-FM: 0 to +20 mA 2 2 4D 32 mA -22.0 0.0 20.0 22.0
SNAP-AIMA-32-FM: 4 to +20 mA 3 3 4D 32 mA -22.0 4.0 20.0 22.0
SNAP-AIMV-4: -150 to +150 mV 66 42 44 4 mV -165.0 -150.0 150.0 165.0
SNAP-AIMV-4: -75 to +75 mV 68 44 44 4 mV -82.5 -75.0 75.0 82.5
SNAP-AIMV2-4: -50 to +50 mV 9 9 45 4 mV -55.0 -50.0 50.0 55.0
SNAP-AIMV2-4: -25 to +25 mV 67 43 45 4 mV -27.5 -25.0 25.0 27.5
SNAP-AIPM (channel 0 only) 70 46 OA * AC VRMS 0.0 0 250 275
SNAP-AIPM (channel 1 only) 71 47 OA * AC ARMS 0.0 0 10 11.0
SNAP-AIPM (channel 2 only) 82 52 0A *  True power n/a n/a n/a n/a
SNAP-AIPM (channel 3 only) 83 53 0A ~ Volt/Amps n/a n/a n/a n/a
SNAP-AIPM-3 (channels 0, 4 & 8) 70 46 49 * ACVRMS 0.0 0 300 330
SNAP-AIPM-3 (channels 1, 5 & 9) 71 47 49 * AC ARMS 0.0 0 5 5.5
SNAP-AIPM-3 (channels 2, 6 & 10) 82 52 49 *  True power n/a n/a n/a n/a
SNAP-AIPM-3 (channels 3, 7 & 11) 83 53 49 -~ Volt/Amps n/a n/a n/a n/a
SNAP-AIPM-3 (channels 12 & 13) 86 56 49 *  True power n/a n/a n/a n/a
SNAP-AIPM-3V (channels 0, 4 & 8) 100 64 48 * ACVRMS 0.0 0 300 330
SNAP-AIPM-3V (channels 1, 5 & 9) 89 59 48 * VACfromCT 0.0 0 0.333 0.366
SNAP-AIPM-3V (channels 2, 6 & 10) 90 5A 48 *  True power n/a n/a n/a n/a
SNAP-AIPM-3V (channels 3, 7 & 11) 90 5A 48 * Volt/Amps n/a n/a n/a n/a
SNAP-AIPM-3V (channels 12 & 13) 184 B8 48 *  True power n/a n/a n/a n/a
SNAP-AIRATE: Rate (Frequency) 69 45 69 2 Hz 0.0 0.0 25000.0 27500.0
::QE;‘:'S?ATE'HF“ RELD (I BeEE 68 44 2B 2 Hz 2 2 500,000 500,000
fsrgsﬁ‘]f];ﬁgATE'HFi: Rate (1 s data 69 45 2B 2 Hz 20 20 500,000 500,000
SNAP-AIRTD: 100 Ohm Pt 3-wire 10 OA 10 2 DegreesC -200.0 -200.0 850.0 850.0
SNAP-AIRTD: 100 Ohm Ni 3-wire 46 2E 10 2 DegreesC -60.0 -60.0 250.0 250.0
g';lzijn'sr‘;z 0-400 Ohms, Lead 15 OF 10 2  Ohms 0 0 400 440
SNAP-AIRTD: 120 Ohm Ni 3-wire 48 30 10 2 DegreesC -80.0 -80.0 260.0 260.0
SNAP-AIRTD-10: 10 Ohm Cu 3-wire 14 OE OE 2 DegreesC -180.0 -180.0 260.0 260.0
g';'ﬁ';jn'szg'm: 0-25 Ohms, Lead 15 OF OE 2  Ohms 0 0 25 275
SNAP-AIRTD-1K: 1000 Ohm Pt 3-wire 92 5C OF 2 DegreesC -200.0 -200.0 850.0 850.0
SNAP-AIRTD-1K: 1000 Ohm Ni 3-wire 93 5D OF 2 DegreesC -60.0 -60.0 250.0 250.0
SNAP-AIRTD-1K: 1000 Ohm Ni 3-wire 94 OSE OF 2 DegreesF -50.0 -50.0 275.0 275.0
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Compansated 15 OF OF 2  Ohms 0 0 4000 4400
SNAP-AIRTD-8U: 0-8000 Ohms - Fixed 155 98 55 8  Ohms 0 0 8000 8800
SVPARTD-BU10000MMNISWIe @ 45, B 55 8 DegreesF 46 46 1489 1489
STQP'A'RTD'8U:1OOOOhm NISwre@ 151 B5 55 § DegreesC -40 40 135 135
SNAP-AIRTD-8U: 1000 OhmPt@0°C 180 B4 55 8 DegreesC -200 -200 850 850
SNAP-AIRTD-8U: 120 OhmNi @ 0°C 179 B3 55 8 DegreesC  -80  -80 260 260
SNAP-AIRTD-8U: 100 OhmNi @ 0°C 178 B2 55 8 DegreesC  -60  -60 250 250
SNAP-AIRTD-8U: 100 OhmPt@0°C ~ 177 B1 55 8 DegreesC -200 -200 850 850
SNAP-AIRTD-8U: 10 Ohm Cu 176 BO 55 8 DegreesC 60 60 355 355
SNAP-AIRTD-8U: 0-8000 Ohms -Auto 171 AB 55 8  Ohms 0 0 8000 8800
SNAP-AIRTD-8U: 0-4000 Ohms -Auto 170 AA 55 8  Ohms 0 0 4000 4400
SNAP-AIRTD-8U: 0-2000 Ohms -Auto 169 A9 55 8  Ohms 0 0 2000 2200
SNAP-AIRTD-8U: 0-1000 Ohms -Auto 168 A8 55 8  Ohms 0 0 1000 1100
SNAP-AIRTD-8U: 0-800 Ohms -Auto 167 A7 55 8  Ohms 0 0 800 880
SNAP-AIRTD-8U: 0-400 Ohms -Auto 166 A6 55 8  Ohms 0 0 400 440
SNAP-AIRTD-8U: 0-200 Ohms -Auto 165 A5 55 8  Ohms 0 0 200 220
SNAP-AIRTD-8U: 0-100 Ohms -Auto 164 A4 55 8  Ohms 0 0 100 110
SNAP-AIRTD-8U: 0-80 Ohms -Auto 163 A3 55 8  Ohms 0 0 80 88
SNAP-AIRTD-8U: 0-40 Ohms -Auto 162 A2 55 8  Ohms 0 0 40 44
SNAP-AIRTD-8U: 0-20 Ohms -Auto 161 A1 55 8  Ohms 0 0 20 22
SNAP-AIRTD-8U: 0-10 Ohms -Auto 160 A0 55 8  Ohms 0 0 10 1
SNAP-AIRTD-8U: 0-4000 Ohms - Fixed 154 9A 55 8  Ohms 0 0 4000 4400
SNAP-AIRTD-8U: 0-2000 Ohms - Fixed 153 99 55 8  Ohms 0 0 2000 2200
SNAP-AIRTD-8U: 0-1000 Ohms - Fixed 152 98 55 8  Ohms 0 0 1000 1100
SNAP-AIRTD-8U: 0-800 Ohms - Fixed ~ 151 97 55 8  Ohms 0 0 800 880
SNAP-AIRTD-8U: 0-400 Ohms - Fixed 150 96 55 8  Ohms 0 0 400 440
SNAP-AIRTD-8U: 0-200 Ohms - Fixed ~ 149 95 55 8  Ohms 0 0 200 220
SNAP-AIRTD-8U: 0-100 Ohms - Fixed ~ 148 94 55 8  Ohms 0 0 100 110
SNAP-AIRTD-8U: 0-80 Ohms - Fixed 147 93 55 8  Ohms 0 0 80 88
SNAP-AIRTD-8U: 040 Ohms - Fixed 146 92 55 8  Ohms 0 0 40 44
SNAP-AIRTD-8U: 0-20 Ohms - Fixed 145 91 55 8  Ohms 0 0 20 22
SNAP-AIRTD-8U: 0-10 Ohms - Fixed 144 90 55 8  Ohms 0 0 10 1
SNAP-AITM: -150 to +150 mV 66 42 66 2 mv  -1650 -1500 1500 1650
SNAP-AITM: -75 to +75 mV 68 44 66 2 mv 825 -750 750 825
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SNAP-AITM: Type E Thermocouple 19 13 66 2 DegreesC -270.0 -270.0 1000.0 1000.0
SNAP-AITM: Type J Thermocouple 5 5 66 2 DegreesC -210.0 -210.0 1200.0 1200.0
SNAP-AITM: Type K Thermocouple 8 8 66 2 DegreesC -270.0 -270.0 1372.0 1372.0
SNAP-AITM-i: -150 to +150 mV 66 42 20 2 mV -165.0 -150.0 150.0 165.0
SNAP-AITM-i: -75 to +75 mV 68 44 20 2 mV -825 -75.0 75.0 82.5
SNAP-AITM-i: Type E Thermocouple 19 13 20 2 DegreesC -270.0 -270.0 1000.0 1000.0
SNAP-AITM-i: Type J Thermocouple 5 5 20 2 DegreesC -210.0 -210.0 1200.0 1200.0
SNAP-AITM-i: Type K Thermocouple 8 8 20 2 DegreesC -270.0 -270.0 1372.0 1372.0
SNAP-AITM-4i: -150 to +150 mV 66 42 32 4 mV -165.0 -150.0 150.0 165.0
SNAP-AITM-4i: -75 to +75 mV 68 44 32 4 mV -825 -75.0 75 82.5
SNAP-AITM-4i: -50 to +50 mV 9 9 32 4 mV -55.0 -50.0 50.0 55.0
SNAP-AITM-4i: -25 to +25 mV 67 43 32 4 mV -275 -25.0 25.0 275
SNAP-AITM-4i: Type B Thermocouple 24 18 32 4 DegreesC 42.0 42.0 1820.0 1820.0
SNAP-AITM-4i: Type C Thermocouple 32 20 32 4 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM-4i: Type D Thermocouple 33 21 32 4 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM-4i: Type E Thermocouple 19 13 32 4 DegreesC -270.0 -270.0 1000.0 1000.0
SNAP-AITM-4i: Type G Thermocouple 31 1F 32 4 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM-4i: Type J Thermocouple 5 5 32 4 DegreesC -210.0 -210.0 1200.0 1200.0
SNAP-AITM-4i: Type K Thermocouple 8 8 32 4 DegreesC -270.0 -270.0 1372.0 1372.0
SNAP-AITM-4i: Type N Thermocouple 30 1E 32 4 DegreesC -270.0 -270.0 1300.0 1300.0
SNAP-AITM-4i: Type R Thermocouple 177 11 32 4 DegreesC -50.0 -50.0 1768.0 1768.0
SNAP-AITM-4i: Type S Thermocouple 23 17 32 4 DegreesC -50.0 -50.0 1768.0 1768.0
SNAP-AITM-4i: Type T Thermocouple 18 12 32 4 DegreesC -270.0 -270.0 400.0 400.0
SNAP-AITM-8: -75 to +75 mV 68 44 4F 8 mV -825 -75.0 75.0 82.5
SNAP-AITM-8: -50 to +50 mV 9 9 4F 8 mV -55.0 -50.0 50.0 55.0
SNAP-AITM-8: -25 to +25 mV 67 43 4F 8 mV -275 -25.0 25.0 275
SNAP-AITM-8: Type B Thermocouple 24 18 4F 8 DegreesC 42.0 42.0 1820.0 1820.0
SNAP-AITM-8: Type C Thermocouple 32 20 4F 8 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM-8: Type D Thermocouple 33 21 4F 8 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM-8: Type E Thermocouple 19 13 4F 8 DegreesC -270.0 -270.0 1000.0 1000.0
SNAP-AITM-8: Type G Thermocouple 31 1F 4F 8 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM-8: Type J Thermocouple 5 5 4F 8 DegreesC -210.0 -210.0 1200.0 1200.0
SNAP-AITM-8: Type K Thermocouple 8 8 4F 8 DegreesC -270.0 -270.0 1372.0 1372.0
SNAP-AITM-8: Type N Thermocouple 30 1E 4F 8 DegreesC -270.0 -270.0 1300.0 1300.0
SNAP-AITM-8: Type R Thermocouple 177 11 4F 8 DegreesC -50.0 -50.0 1768.0 1768.0
SNAP-AITM-8: Type S Thermocouple 23 17 4F 8 DegreesC -50.0 -50.0 1768.0 1768.0
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SNAP-AITM-8: Type T Thermocouple 18 12 4F 8 DegreesC -270.0 -270.0 400.0 400.0
SNAP-AITM-8-FM: -75 to +75 mV 68 44 4F 8 mV -82.5 -75.0 75.0 82.5
SNAP-AITM-8-FM: -50 to +50 mV 9 9 4F 8 mV -55.0 -50.0 50.0 55.0
SNAP-AITM-8-FM: -25 to +25 mV 67 43 4F 8 mV 275 250 25.0 27.5
SNAP-AITM-8-FM: Type B Thermocouple 24 18 4F 8 DegreesC 42.0 42.0 1820.0 1820.0
SNAP-AITM-8-FM: Type C Thermocouple 32 20 4F 8 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM-8-FM: Type D Thermocouple 33 21 4F 8 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM-8-FM: Type E Thermocouple 19 13 4F 8 DegreesC -270.0 -270.0 1000.0 1000.0
SNAP-AITM-8-FM: Type G Thermocouple 31 1F 4F 8 Degrees C 0.0 0.0 2320.0 2320.0
SNAP-AITM-8-FM: Type J Thermocouple 5 5 4F 8 DegreesC -210.0 -210.0 1200.0 1200.0
SNAP-AITM-8-FM: Type K Thermocouple 8 8 4F 8 DegreesC -270.0 -270.0 1372.0 1372.0
SNAP-AITM-8-FM: Type N Thermocouple 30 1E 4F 8 DegreesC -270.0 -270.0 1300.0 1300.0
SNAP-AITM-8-FM: Type R Thermocouple 17 11 4F 8 DegreesC -50.0 -50.0 1768.0 1768.0
SNAP-AITM-8-FM: Type S Thermocouple 23 17 4F 8 DegreesC -50.0 -50.0 1768.0 1768.0
SNAP-AITM-8-FM: Type T Thermocouple 18 12 4F 8 DegreesC -270.0 -270.0 400.0 400.0
SNAP-AITM2: -50 to +50 mV 9 9 09 2 mV -55.0 -50.0 50.0 55.0
SNAP-AITM2: -25 to +25 mV 67 43 09 2 mV -27.5 -250 25.0 27.5
SNAP-AITM2: Type B Thermocouple 24 18 09 2 DegreesC 42.0 42.0 1820.0 1820.0
SNAP-AITM2: Type C Thermocouple 32 20 09 2 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM2: Type D Thermocouple 33 21 09 2 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM2: Type G Thermocouple 31 1F 09 2 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM2: Type N Thermocouple 30 1E 09 2 DegreesC -270.0 -270.0 1300.0 1300.0
SNAP-AITM2: Type R Thermocouple 17 11 09 2 DegreesC -50.0 -50.0 1768.0 1768.0
SNAP-AITM2: Type S Thermocouple 23 17 09 2 DegreesC -50.0 -50.0 1768.0 1768.0
SNAP-AITM2: Type T Thermocouple 18 12 09 2 DegreesC -270.0 -270.0 400.0 400.0
SNAP-AITM2-i: -50 to +50 mV 9 9 21 2 mV -55.0 -50.0 50.0 55.0
SNAP-AITM2-i: -25 to +25 mV 67 43 21 2 mV -27.5 -250 25.0 27.5
SNAP-AITM2-i: Type B Thermocouple 24 18 21 2 DegreesC 42.0 42.0 1820.0 1820.0
SNAP-AITM2-i: Type C Thermocouple 32 20 21 2 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM2-i: Type D Thermocouple 33 21 21 2 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM2-i: Type G Thermocouple 31 1F 21 2 DegreesC 0.0 0.0 2320.0 2320.0
SNAP-AITM2-i: Type N Thermocouple 30 1E 21 2 DegreesC -270.0 -270.0 1300.0 1300.0
SNAP-AITM2-i: Type R Thermocouple 17 1 21 2 DegreesC -50.0 -50.0 1768.0 1768.0
SNAP-AITM2-i: Type S Thermocouple 23 17 21 2 DegreesC -50.0 -50.0 1768.0 1768.0
SNAP-AITM2-i: Type T Thermocouple 18 12 21 2 DegreesC -270.0 -270.0 400.0 400.0
SNAP-AIV: -10 to +10 VDC 12 C 12 2 VDC -11.0 -10.0 10.0 11.0
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SNAP-AIV: -5 to +5 VDC 11 B 12 VvDC -5.5 -5.0 5.0 5.5
SNAP-AIV-i: -10 to +10 VDC 12 C 23 VDC -11.0 -10.0 10.0 11.0
SNAP-AIV-i: -5 to +5 VDC 1 B 23 VvDC -5.5 -5.0 5.0 5.5
SNAP-AIV-4: -10 to +10 VDC 12 C 41 VDC -11.0 -10.0 10.0 11.0
SNAP-AIV-4: -5 to +5 VDC 1" B 41 VvDC -5.5 -5.0 5.0 5.5
SNAP-AIV-8: -10 to +10 VDC 12 C 4B VDC -11.0 -10.0 10.0 11.0
SNAP-AIV-8: -5 to +5 VDC 1" B 4B VvDC -5.5 -5.0 5.0 5.5
SNAP-AIV-32: -10 to +10 VDC 12 C 4E 32 VDC -11.0 -10.0 10.0 11.0
SNAP-AIV-32: -5 to +5 VDC 1" B 4E 32 VvDC -5.5 -5.0 5.0 5.5
SNAP-AIV-32-FM: -10 to +10 VDC 12 C 4E 32 VDC -11.0 -10.0 10.0 11.0
SNAP-AIV-32-FM: -5 to +5 VDC 11 B 4E 32 VDC -5.5 -5.0 5.0 5.5
SNAP-AIV2-i: -100 to +100 VDC 72 48 24 2 VDC -110.0 -100.0 100.0 110.0
SNAP-AIV2-i: -50 to +50 VDC 73 49 24 2 vDC -55.0 -50.0 50.0 55.0
SNAP-AIVRMS: 0-250 VAC/VDC 70 46 70 2 VAC/VDC 0.0 0.0 250.0 275.0
SNAP-AIVRMS-i: 0-250 VAC/VDC 70 46 28 2 VAC/VDC 0.0 0.0 250.0 275.0
SNAP-AIVRMS-i-FM: 0—250 VAC/VDC 70 46 28 2 VAC/VDC 0.0 0.0 250.0 275.0
SNAP-AIR40K-4: 0 to 40K Ohms 74 4A 43 4 Ohms 0 0 40,000 44,000
SNAP-AIR40K-4: 0 to 20K Ohms 75 4B 43 4 Ohms 0 0 20,000 22,000
SNAP-AIR40K-4: 0 to 10K Ohms 76 4C 43 4 Ohms 0 0 10,000 11,000
SNAP-AIR40K-4: 0 to 5K Ohms 77 4D 43 4 Ohms 0 0 5000 5500
SNAP-AIR400K-8: 0 to 400K Ohms 105 69 54 8 Ohms 0 0 400,000 440,000
SNAP-AIR400K-8: 0 to 400K Autorange 188 BC 54 8 Ohms 0 0 400,000 440,000
SNAP-AIR400K-8: 0 to 200K Ohms 106 6A 54 8 Ohms 0 0 200,000 220,000
SNAP-AIR400K-8: 0 to 100K Ohms 107 6B 54 8 Ohms 0 0 100,000 110,000
SNAP-AIR400K-8: 0 to 50K Ohms 108 6C 54 8 Ohms 0 0 50,000 55,000
SNAP-AIR400K-8: 0 to 40K Ohms 74 4A 54 8 Ohms 0 0 40,000 44,000
SNAP-AIR400K-8: 0 to 20K Ohms 75 4B 54 8 Ohms 0 0 20,000 22,000
SNAP-AIR400K-8: 0 to 10K Ohms 76 4C 54 8 Ohms 0 0 10,000 11,000
SNAP-AIR400K-8: 0 to 5K Ohms 77 4D 54 8 Ohms 0 0 5000 5500
SNAP-AIR400K-8: 0 to 4K Ohms 38 26 54 8 Ohms 0 0 4000 4400
SNAP-AIR400K-8: 0 to 2K Ohms 39 27 54 8 Ohms 0 0 2000 2200
SNAP-AIR400K-8: 0 to 1K Ohms 40 28 54 8 Ohms 0 0 1000 1100
SNAP-AIR400K-8: 0 to 500 Ohms 41 29 54 8 Ohms 0 0 500 550
SNAP-pH/ORP: -1 to +1 VDC 78 4E 25 2 VDC -1.1 -1.0 1.0 1.1
SNAP-pH/ORP: 0-14 pH 79 4F 25 2 pH -1.4 0.0 14.0 15.4
SNAP-pH/ORP: -0.5 to +0.5 VDC 80 50 25 2 VvDC -0.55 -0.5 0.5 0.55
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Part Number &
Description

Measurement
Underrange
Low Scale
Full Scale
Overrange
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Module Type (Hex)
Channels per Module

SNAP-PID-V 99 63 DO 4 Percent 0 0 100.0 110.0

* The SNAP-AIPM module monitors one device from channel 0 (volts) and channel 1 (amps). Channels 2 and 3
return calculated values. The SNAP-AIPM-3 and SNAP-AIPM-3V monitor three phases from channels 0,4, & 8
(volts) and channels 1,5, & 9 (amps). All other channels return calculated values. See the SNAP AIPM Modules
Data Sheet (form 1453) for details.

SNAP Analog Outputs

Use this data for configuring channel types (see page 32) and features (see page 43).
If a module has multiple listings, the default channel type is shaded.
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SNAP-AOA-3: 4-20 mA 131 83 83 1 mA 4.0 4.0 20.0 20.0
SNAP-AOV-5: 0-10 VDC 133 8 85 1 vDC 0.0 0.0 10.0 10.0
SNAP-AOA-23: 4-20 mA 163 A3 A3 2 mA 4.0 4.0 20.0 20.0
SNAP-AOA-23-iSRC: 4-20 mA 163 A3 B3 2 mA 4.0 4.0 20.0 20.0
SNAP-AOA-23-iSRC-FM: 4-20 mA 163 A3 B3 2 mA 4.0 4.0 20.0 20.0
SNAP-AOA-23-iH: 4-20 mA 163 A3 AB 2 mA 4.0 4.0 20.0 20.0
SNAP-AOV-25: 0-10 VDC 165 A5 A5 2 VvDC 0.0 0.0 10.0 10.0
SNAP-AOV-27: -10 to +10 VDC 167 A7 A7 2 vDC -10.0 -10.0 10.0 10.0
SNAP-AOA-28: 0-20 mA 168 A8 A8 2 mA 0.0 0.0 20.0 20.0
SNAP-AOVA-8: 0-5 VDC 144 90 CF 8 vDC 0.0 0.0 5.0 5.0
SNAP-AOVA-8: 0-10 VDC 145 91 CF 8 VvDC 0.0 0.0 10.0 10.0
SNAP-AOVA-8: -5 to +5 VDC 146 92 CF 8 VvDC -5.0 -5.0 5.0 5.0
SNAP-AOVA-8: -10 to +10 VDC 147 93 CF 8 VvDC -10.0 -10.0 10.0 10.0
SNAP-AOVA-8: 4-20 mA 148 94 CF 8 mA 4.0 4.0 20.0 20.0
SNAP-AOVA-8: 0-20 mA 149 95 CF 8 mA 0.0 0.0 20.0 20.0
SNAP-AOD-29: TPO 5-60 VDC 169 A9 A9 2 Percent n/a 0.0 100.0 n/a
SNAP-AOD-29-HFi: TPO 2.5-24 VDC 131 83 B9 2 Percent nla 0.0 100.0 n/a

uIo Digital-only SNAP and G4EB2 I/O units. The digital-only SNAP-UP1-D64 and SNAP-ENET-D64 /O units
EIO assume that all positions on the rack contain 4-channel digital input modules. If a position contains an output
G4EB2 module, you must configure its channels as outputs (using the channel type 180).
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See "(Expanded) Analog & Digital Channel Configuration—Read/Write” on page 99.

E1 and E2 brain boards. The method for configuring E1 and E2 brain boards was simplified in

PAC Manager R9.5a and E1/E2 firmware R1.2a. Newer installations should use the new method, but you don't
need to change any I/0 unit that's already configured. You can still use the earlier method (documented in I/0
Configuration for E1 and E2 Brain Boards, form 1576) for changes to existing 1/0 units.

Before trying to read or write to channels, use PAC Manager R9.5a (or higher) or the “(Expanded) Analog &
Digital Channel Configuration—Read/Write” on page 99 area to configure channel types and features for all
channels on the rack.

E1—If the E1 has firmware R1.2a or higher, the channel type defaults to 0x100, which indicates a digital input.
For an output, change the channel type to 0x180.

If your ET has firmware lower than R1.2a, the channel type defaults to 0x00. Write 0x100 for an input or 0x180
foran output.

E2—To use the new simplified configuration method, upgrade E2 firmware to version R1.2a or higher. The
new method uses new module/channel types for the G1 modules on the E2 rack. See “Analog Channel Type
Configuration Table (E2)"on page 41.

IMPORTANT: E2 I/0 unit modules configured with the new method will report Engineering units as G1 counts (0
to +4095 nominal range). Modules configured with the old method (from form 1576) will report Engineering units
as SNAP counts (0 to +25000, or -25000 to +25000).

Analog Channel Type Configuration Table (E2)

The method for configuring E1 and E2 brain boards was simplified in PAC Manager R9.5a and E1/E2 firmware
R1.2a (see details on page 32), so you can now configure E1s and E2s in the same way you would SNAP PAC
brains.

IMPORTANT: £2 /0 unit modules configured with the new method will report Engineering units as G1 counts (0
to +4095 nominal range). Modules configured with the old method (described in form 1576) will report Engineering
units as SNAP counts (0 to +25000, or -25000 to +25000).

The new method uses new module/channel types for the G1 modules on the E2 rack.

The following table shows the module part number, the channel type to write, and the equivalent old method
if you need to change methods on an existing I/0 unit (not required).

New method
Module/
Channel Type

Module Part
Number

Old method
SNAP I/0 Channel Type Equivalents

Range and Units

AD2T 0x202 0-20 mA 0x40 (SNAP-AIMA: -20 to +20 mA)

AD3 0x203 4-20 mA 0x22 (SNAP-CUSTOM-AI: Mode 1)

AD4 0x204 ICTD Temp. Probe 0x04 (SNAP-AICTD: ICTD Temp. Probe)
AD5 0x205 Type J Thermocouple 0x05 (SNAP-AITM: Type J Thermocouple)
AD6 0x206 0-5VDC 0x49 (SNAP-AIV2-i: -50 to +50 VDC)

AD7 0x207 0-10 VDC 0x48 (SNAP-AIV2-i: -100 to +100 VDC)
AD8 0x208 Type K Thermocouple 0x08 (SNAP-AITM: Type K Thermocouple)
ADOT 0x209 0-50 mV 0x09 (SNAP-AITM2-i: -50 to +50 mV)
AD10T2 0x20A 100 Ohm RTD 0x0A (SNAP-AIRTD: 100 Ohm Pt 3-wire)
AD11 0x20B -5to +5 VDC 0x0B (SNAP-AIV: -5 to +5 VDC)

AD12 0x20C -10to +10 VDC 0x0C (SNAP-AIV: -10 to +10 VDC)
AD13T 0x20D 0-100 mV 0x42 (SNAP-AITM: -150 to +150 mV)
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Module Part

Number

New method

Old method
SNAP /O Channel Type Equivalents

AD14T
AD15T
AD16T
AD17T
AD18T
AD19T
AD20
AD17T
DA3(T)
DA4(T)
DA5
DA6
DA7
DA8

Module/ Range and Units
Channel Type
0x20E 10 Ohm RTD
0x20F 28-140 VAC
0x210 0-5 AAC/DC
0x211 Type R Thermocouple
0x212 Type T Thermocouple
0x213 Type E Thermocouple
0x214 Rate (Frequency)
0x217 Type S Thermocouple
0x283 4-20 mA
0x284 0-5VDC
0x285 0-10 VDC
0x286 -5 to +5 VDC
0x287 -10to +10 VDC
0x288 0-20 mA

0x30 (SNAP-AIRTD: 120 Ohm Ni 3-wire)
0x46 (SNAP-AIVRMS: 0 to 250 VAC/VDC)
0x47 (SNAP-AIARMS: 0 to 10 AAC/DC)
0x11 (SNAP-AITM2: Type R Thermocouple)
0x12 (SNAP-AITM2: Type T Thermocouple)
0x13 (SNAP-AITM: Type E Thermocouple)
0x45 (SNAP-AIRATE: Rate - Frequency)
0x17 (SNAP-AITM2: Type S Thermocouple)
0x83 (SNAP-AOA-3: 4 to 20 mA)

0xA5 (SNAP-AQOV-25: 0 to 10 VDC)

0x85 (SNAP-AQV-5: 0 to 10 VDC)

0xA7 (SNAP-AOV-27: -10 to +10 VDC)
0x87 (SNAP-AQOV-7: -10 to +10 VDC)

0xA8 (SNAP-AOA-28: 0 to 20 mA)
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CONFIGURING CHANNEL FEATURES

Channel features vary based on the 1/0 processor (brain, brain board, or on-the-rack controller or processor)
and the module. A few channel features are not accessible through the OptoMMP memory map and can only
be used with PAC Control commands; these include analog ramping and analog totalizing.

NOTE: This section uses the terms “digital” and “discrete” interchangeably.

The following channel features are not automatic and must be configured for each channel that uses them:

«  Digital input counters and quadrature counters (Exception: Counters on high-density digital modules are
automatic and don't need configuring unless you are using PAC Control.)

«  Digital and analog watchdogs
«  Analog scaling, clamping, offset and gain, and average filter weight

Selecting Configuration Values for I/0 Channel Features

NOTE: groov I/0 and groov RIO do not include 4-channel digital modules. They are considered to be high-density
digital.

Some channels on groov RIO are “simple” discrete channels that support only on/off state and no other features (see
“groov RIO Features” on page 186). Similarly, the following groov “simple” discrete I/O modules support state only
and no other digital features.

* GRV-IACDCTTLS-24 + GRV-IACIS-12 * GRV-IDCS-24 * GRV-ODCIS-12
* GRV-IACHVS-24 * GRV-IACS-24 * GRV-OACIS-12 * GRV-OMRIS-8
* GRV-IACIHVS-12 * GRV-IDCIS-12 * GRV-OACS-12

The I/0 channel features available on 1/0 units depend on the combined capabilities of the I/O processor, the
module, and in some cases, the protocol used. To determine which features are available for the devices you
are using, see:

«  Appendix C: SNAP Features Comparison Chart
«  Appendix D: groov EPIC and groov RIO Features and Comparison Charts.

For more information on using them in your application, see the referenced pages.

Feature Description See

(digital inputs and outputs)—A digital channel is either on or off. You can read the

State current state of a digital input or write an on/off state to a digital output.

page 44
(digital inputs)}—When the value of a digital input channel changes from off to on,
an on-latch is automatically set. While the value of the channel may return to off,

Latches the on-latch remains set, as a record of the change, until you clear it. Similarly, an  page 45
off-latch is set when the value of a digital channel changes from on to off, and it
remains set until cleared.

(digital inputs)—A counter keeps track of the number of times a digital input
changes from off to on. The count accumulates until it reaches the maximum count
available in the 1/0O unit or until you reset the counter to zero. For example, to count
Counters the number of widgets produced per shift, you would clear the counter at the start of page 45
each shift and read it at the end of each shift.
The speed of the counter depends upon the I/O processor’s capabilities and the
speed of the module used.

(digital input)}—A quadrature counter requires a SNAP quadrature input module,
Quadrature  which is attached to the encoder device. The module sends a pulse to the I/O unit
counters upon each change in quadrature state, and the 1/O unit counts the pulses and
keeps track of the direction and rotation.

page 46
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Feature Description See

(digital input}—Frequency is the speed with which a digital channel changes state
Frequency and is usually measured in counts per second. For example, reading the frequency

measurement can help you determine the speed of rotating machinery. Frequency measurement page 47
can be one-time or continuous.
(digital input)—Period refers to the elapsed time for a complete on-off-on transition
Period on a digital channel. Measurement starts on the first transition (either off-to-on or page 47

measurement on-to-off) and stops on the next transition of the same type. Period measurement
can be one-time or continuous.

Pulse

measurement (digital input)}—Measures the duration of a pulse, either an on-pulse or an off-pulse. page 46

(digital input)—A digital totalizer accumulates the total amount of time that a digital

Digital input is on (or off). The on-time totalizer shows how long the channel has been on;

Totalizer the off-time totalizer shows how long the channel has been off. Totalizers are often
used to determine maintenance or use schedules.

page 47

(digital and analog channels)—A watchdog monitors communication on the
OptoMMP port (port 2001, unless you have changed it). If nothing accesses the
port for the length of time set in the watchdog, the 1/0O unit automatically sets desig-
nated digital and analog I/O channels to the values you have determined.

A watchdog helps make sure that a communication failure doesn’t result in disaster.
If communication fails between the host and the /O unit controlling a process, the
watchdog makes sure the process is automatically brought to a safe state. For
example, a valve could automatically close to avoid completely emptying a tank.

Watchdog page 48

(analog channels)—Analog input and output channels can be scaled as needed.

For example, you can scale a -5 V to +5 V input channel to reflect 0% to 100% FEEAE

Scaling
(analog inputs)—Minimum and maximum values are sometimes called peaks and
Minimumand valleys. You can read these values at any time, for example, to record minimum
maximum  and maximum temperatures. You can also reset min/max values. For example, if page 49
values you want to record the maximum temperature at channel 2 in each 24-hour period,
you must reset the values after they are read each day.

(analog inputs) Offset and gain calculations are used to calibrate analog channels.
Offsetand If a-50 mV to +50 mV input receives signals that are slightly off (not exactly -50 mV
gain at the lowest channel, for example), the offset and gain can be calculated so that
values will appear accurately when read.

page 49

(analog outputs)}—Clamping limits values that can be sent to analog output chan-
nels so they do not go above or below a specific value. For example, if you are
Clamping using a 0—-10 VDC output module, but the device attached to one of its channels page 49
can only handle a maximum of 5 VDC, you can set an upper clamp of 5 VDC for
that channel. The values for upper and lower clamp are set in engineering units.

Average (analog inputs)—A filter weight smooths analog input signals that are erratic or

filter weight change suddenly. page 49

_Slmple Mov- (groov analog inputs)—A simple moving average smooths analog input signals that

ing Average ) page 50
(SMA) are erratic or change suddenly.

States (Digital Channels)

You can read the ON or OFF state of a digital input channel or write to a digital output channel to turn it on or
off. This feature is automatic and needs no configuration.

For E1 brain boards, each channel on the unit is treated like the first channel on a SNAP module; that is, only
the first of every four channels contains data. For more information on interpreting data formats, see page 71.
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Latches (Digital Channels)

PR1/2, RI0O—Does not apply to groov simple 1/0 modules or groov RIO simple discrete channels. For details,
see NOTE on page 43.

SNAP, and G4EB2—Latching is available on single-channel, 4-channel, and high-density digital channels. It
is automatic and needs no configuration. Using memory map values, you can read the on-latch or off-latch
state of a digital channel, and you can clear latches.

E1—Latching is available on all modules used with the E1. Note that latching is different on an E1 depending
on the protocol used with the brain board. When the E1 is used with the Optomux protocol, only one latch is
available and you must configure it to be an on-to-off latch or an off-to-on latch. When you use an E1 with
PAC Control or OptoMMP, however, both types of latches are automatically available for each channel, and no
configuration is required.

To read and/or clear latches, remember that each channel on an E1 is treated like the first channel on a SNAP
module, and each channel on a G4EB2 falls within the first four channels of a SNAP module. For example, to
read latches for E1 or G4EB2 channels using the Digital Channel Read area of the memory map, read the
following addresses:

This module position on E1: 0 1 2 3
Or this channel on G4EB2: 0 4 8 12
Is like this module,channel on SNAP: 0,0 1,0 2,0 3,0

Address for on-latch state:| F080 0004 F080 0104 F080 0204 | FO080 0304
Address for off-latch state:| F080 0008 | F080 0108 | F080 0208 | F080 0308

Counters (Digital Channels)

PR1/2, RI0O—Does not apply to groov simple 1/0 modules or groov RIO simple discrete channels. For details,
see NOTE on page 43.

SNAP—Any SNAP digital input can be used as a counter. Note the differences in counting between
4-channel and high-density digital modules:

SNAP 4-channel digital counters SNAP high-density digital counters

SNAP-PAC-RT (-FM, -W)
SNAP-PAC-R2 (-FM, -W)

SNAP-PAC-EB1 (-FM, -W)
SNAP-PAC-EB1 (-FM, -W) SNAP-PAC-EB2 (-FM, -W)

SNAP-PAC-SB1
Processor compatibility | SVAP-PAC-SB1 SNAP-PAC-SB2

SNAD-BI000-ENET SNAP-B3000-ENET

SNAP-ENET-RTC

SNAP-UP1-ADS SNAP-ENET-RTC
SNAP-ENET-S64

SNAP-UP1-ADS

SNAP-UP1-M64

SNAP-PAC-R1 (-FM, -W)

Counting is done on... | ...the brain ...the module

High speed (depends on speed of

module; modules available up to 20 KHz) Low speed (up to 50 Hz)

Counting speed

* Each channel to be used as a counter Configure channels only if using
must be configured. PAC Control.

* Counters start as soon as configured. Counters are always counting.

Counters can be Started, Stopped, Counters can be Read or Read &

Read, and Read & Cleared. Cleared.

* Counters cannot be Started or
Stopped.

Configuration and Use
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G4EB2—Any digital input can be used as a counter. Counters must be configured. They start as soon as they
are configured and can be Started, Stopped, Read, and Read & Cleared.

E1—Any digital input can be used as a counter. Counters must be configured, either in PAC Manager or in
your custom application.

Use memory map values in the Channel Configuration area to work with counters.

Quadrature Counters (Digital Inputs)

PR1/2—Does not apply to groov simple I/O modules. For details, see NOTE on page 43.

SNAP—I/0 units with the following SNAP I/O processors support quadrature counters for quadrature
encoder devices:

o SNAP-PAC-R1

«  SNAP-PAC-EB1

«  SNAP-PAC-SBI1

«  SNAP-UP1-ADS

«  SNAP-B3000-ENET

«  SNAP-ENET-RTC

In SNAP 1/0 units, a quadrature counter requires a SNAP quadrature input module (SNAP-IDC5Q), which is
attached to the encoder device. The module sends a pulse to the processor upon each change in quadrature
state, and the processor counts the pulses and keeps track of the direction and rotation. For each axis, the
counter counts up if Phase A leads Phase B; it counts down if Phase A lags behind Phase B. Each axis can have
counts from 0 to 2,147,483,647.

If your encoder device has an index feature, you can use two separate digital input channels as indexes, one
for each axis. The index automatically resets the count, and it shows what the count was when the index was
triggered. Counts are sometimes lost, due to noise or encoder problems, for example; with the index, you can
see whether the count varies too much.

See the Using Quadrature Counters technical note (form 1823), for details on programming quadrature
counters.

Pulse Measurement (Digital Inputs)

PR1/2, RI0O—Does not apply to groov simple 1/O modules or groov RIO simple discrete channels. For details,
see NOTE on page 43.

You can measure the duration of a pulse on any digital input. Pulse measurement must be configured by
writing to the Channel Feature memory map address as follows (for example, for module 0 channel 0, you
would write one of these values to address FO10 0008):

«  On-pulse: 0x00000009
«  Off-pulse: 0x0000000A

Measurement begins at the next leading edge and ends at the following trailing edge. When the
measurement is complete, the feature number is cleared, the counter stops, and a completion bit is set for the
channel (for example, for module 0 channel 0, in address F040 0024). When the Channel Feature is reset, the
completion bit is cleared.

Read the pulse measurement in the Feature Value field (see “Digital Channel Read—Read Only”on

page 138)—for example, for module 0 channel 0, in address FO80 0010. This value is a 32-bit unsigned integer.
Units and resolution are in increments of 100 microseconds (0.1 msec or 0.0001 seconds). For example, a

60 Hz frequency can be counted with a resolution of 166.6, which is calculated as follows:

Resolution = 1/ (Frequency * Resolution) = 1/(60 * 0.0001) = 166.6
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Frequency or Period Measurement (Digital Inputs)

PR1/2, RI0O—Does not apply to groov simple 1/0 modules or groov RIO simple discrete channels. For details,
see NOTE on page 43.

You can measure frequency or period, either one-time or continuously, on digital inputs. You must configure
frequency or period measurement for each channel.

After you've configured the channel feature, you can read the frequency or period measurement in the
Feature Value field (see “Digital Channel Read—Read Only” on page 138)—for example, for module 0 channel
0, in address F080 0010. This value is a 32-bit unsigned integer. Units and resolution are in increments of 100
microseconds. For example, a 60 Hz frequency can be counted with a resolution of 166.6, which is calculated
as follows:

Resolution = 1/ (Frequency * Resolution) = 1/(60 * 0.0001) = 166.6
One-Time Measurement

Write to the Channel Feature memory map address as follows (for example, for module 0 channel 0, you
would write one of these values to address FO10 0008):

«  Forone-time period measurement: 0x0000000B
«  Forone-time frequency measurement: 0x0000000C
When the measurement is complete, the feature number is cleared, the counter stops, and a completion bit is

set for the channel (for example, for module 0 channel 0, in address F040 0024). When the Channel Feature is
reset, the completion bit is cleared.

Continuous Measurement

Write to the Channel Feature memory map address as follows (for example, for module 0 channel 0, you
would write one of these values to address FO10 0008):

«  For continuous period measurement: 0x00000003
«  For continuous frequency measurement: 0x00000005

Digital Totalizer

PR1/2, RI0O—Does not apply to groov simple 1/0 modules or groov RIO simple discrete channels. For details,
see NOTE on page 43.

A digital totalizer can be configured for any digital channel (exception: totalizing is not available on groov RIO
discrete outputs). Write to the Channel Feature memory map address as follows (for example, for module 0
channel 0, you would write one of these values to address FO10 0008):

«  Foron-time totalizer: 0x00000002

«  Foroff-time totalizer: 0x00000012

Read the totalizer value in the Feature Value field (see “Digital Channel Read—Read Only”on page 138)—for
example, for module 0 channel 0, in address FO80 0010.
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Watchdog (Digital and Analog Channels)

PR1/2, RI0O—Does not apply to groov simple 1/0 modules or groov RIO simple discrete channels. For details,
see NOTE on page 43.

To configure a watchdog, set the watchdog when configuring the //O unit. Then when you configure a digital
or analog output channel, you can choose the status or value the channel should be set to if the watchdog
timer expires.

Some older SNAP I/O units do not include watchdogs on high-density digital channels. For details, see
Appendix C: SNAP Features Comparison Chart.

Scaling (Analog Channels)

You can scale analog input or output channels to match your needs. For example, you can scale a
-5V to +5 Vinput channel to reflect 0% to 100%. Channel types may be unipolar or bipolar.

Examples of Unipolar Channels Examples of Bipolar Channels
4-20 mA analog output -25 mVto +25 mV analog input
0-10 A RMS analog input -10to +10VDC analog output

Unipolar and bipolar channels are scaled in the same way, with the lowest reading reflecting the low scale and
the highest reading reflecting the high scale. Here are two examples:

Unipolar Input Channel Bipolar Input Channel
Low scale High scale Low scale High scale
Actual reading 0 mA 20 mA 5V oV +5V
Scaled for percentage 0% 100% 0% 50% 100%
Scaled for counts* 0 +25,000 -25,000 0 +25,000

*Counts for input channels always range -25,000 to +25,000.

Unipolar Output Channel Bipolar Output Channel
Low scale High scale Low scale High scale
Actual reading 4 mA 20 mA -10 VDC 0VvDC +10 VDC
Scaled for percentage 0% 100% 0% 50% 100%
Scaled for counts* 0 4,095 0 2,047.5 4,095

*Counts for output channels always range 0—4,095.
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NOTE: With SNAP PAC firmware version R8.1 and higher, you can also use inverted scaling with analog input
channels; however, inverted scaling is not supported with analog output channels. Here's an example of inverted

scaling:
0mA 20mA
742 fom -27fom

To scale an analog channel, see the instructions in the PAC Manager User’s Guide (form 1704).

Minimum and Maximum Values (Analog Channels)

All memory-mapped I/0 units with analog capability automatically keep track of minimum and maximum
values on analog channels.

You can read these values using the memory map (see “(Expanded) Analog Channel Read—Read Only”on
page 103). You can also read and clear them at the same time (see “(Expanded) Analog Channel Read &
Clear—Read/Write"on page 102).

Offset and Gain (Analog Channels)

Memory-mapped I/0 units with analog capability can calculate offset and gain for analog input channels.
Calculate offset first, and then calculate gain.

For SNAP, see the PAC Manager User’s Guide for instructions.

NOTE: If you are using Modbus/TCP, you will need to calculate the offset and gain yourself. Then you can write offset
and gain values to the I/O unit. See the PAC Manager User’s Guide for more information.

Clamping (Analog Channels)

SNAP Ethernet-based I/0 units with analog capability can clamp values sent to analog output channels so
they do not go above or below a specific limit.

For example, if you are using a 0—10 VDC output module, but the device attached to one of its channels can
only handle a maximum of 5VDC, you can set an upper clamp of 5 VDC for that channel.

The values for upper and lower clamp are set in engineering units. Set upper and lower clamps when
configuring the channel.

Average Filter Weight (Analog Channels)

Afilter weight can smooth analog input signals that are erratic or change suddenly.

Below is the formula for filtering, where Y is the filtered value, X is the new unfiltered value, and W is the filter
weight.

v o XYy
W

OptoMMP Protocol Guide 49


http://www.opto22.com/site/documents/drilldown.aspx?aid=3161

CONFIGURING CHANNEL FEATURES

PR1/2
RIO

The following graph shows the effect of filter weights (W) 2, 5, and 10 on a step input signal:

Y = (X-Y)/W+Y
Filter Response for Different values of 'W'

4 As this graph shows, the
larger the filter weight (W),
the smoother the analog
signal.

Filter weight values can be:

«  Zero (0), which turns off the filter. If you supply a value less than or equal to 0.5, it is changed to zero
because those values would cause an unstable signal.

«  One (1), which is the default value.
«  Anyinteger from 2 to 4096.

For SNAP 1/0 units, filtering is applied to values that are in engineering units, including minimum and
maximum values. Filtering does not apply to values that are in counts.

Set filter weight when configuring the analog channel.

Simple Moving Average (Analog Channels)

For groov 1/0 and groov RIO I/0 units, a simple moving average (SMA) filter can help smooth an analog signal.
A simple moving average is the average of the N most recent input readings (i).

(i, +i,_ ... Fiy)
N

In the above formula:

« jistheinput value.
«  Nisthe number of readings.
« nisthe most recent reading.

You provide the value for number of readings; this value can be:

«  Zero (0), which indicates that you want to use the module’s default value. You can find the module’s
default value in the specifications table.

«  One (1), which indicates that you want to turn off SMA filtering.
« Anyinteger from 2 up to and including 32. If you provide a value larger than 32, it is changed to 32.

Set the number of readings when you configure the analog channel.
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Scratch Pad

The following contain Scratch Pad areas within their memory maps.
«  groov /O units

«  groov RIO modules

o SNAP PAC S-series and SNAP-LCE standalone controllers

«  SNAP PAC R-series and SNAP Ultimate on-the-rack controllers
o SNAP PAC and SNAP Ethernet brains

SNAP Simple brains and ET and E2 brain boards do not contain a Scratch Pad.

The Scratch Pad is a convenient place to store data and easily exchange it with other groov EPIC processors,
groov RIO modules, and SNAP PAC controllers, as well as HMI, OPC, and SCADA software.

The Scratch Pad is user-defined, meaning that you define and use its addresses to fit your needs, and you can
redefine them whenever necessary. The Scratch Pad area includes sections for up to five data types
(depending on device type): bits, integers, floats, and strings.

«  The Scratch Pad bits section is a 64-bit mask.

«  The Scratch Pad 32-bit integer section is a table of 10,240 four-byte elements.

«  The Scratch Pad 64-bit integer section is a table of 1024 eight-byte elements.

«  The Scratch Pad float section is a table of 10,240 elements; each float is four bytes.

«  The Scratch Pad strings section is a table of 64 elements. Each element can hold 128 characters or 128
bytes of binary data.

NOTE: Scratch Pad float and 32-bit integer tables are not made up of contiguous addresses in the memory map;
each table is in two address sections. You won't notice this if you are using PAC Control Scratch Pad commands, but
ifyou are addressing these tables in another application, check Appendix A: Opto 22 Hardware Memory Map to
make sure you have the correct addresses for the table elements you want.

Scratch Pad strings, floats, and integers sections can be used to transfer data from one peer to another on the
network (see “I/O Units—Scratch Pad Commands”in Chapter 10 of the PAC Control User’s Guide). For SNAP,
you can also use PAC Manager for one-time reads and writes.

Scratch Pad bits section can be used to transfer data or to track events and alarms on 1/0 units that support
events and alarms (see “Using Scratch Pad Bits for Events and Alarms”).

Using Scratch Pad Bits for Events and Alarms

When Scratch Pad bits are used to track events and alarms, the 64 bits in the mask do not represent channel
numbers. Instead, they represent whatever you decide they should be. For example, you might decide that
bit 1 in the Scratch Pad will indicate a temperature level in Vat #12 (if the temperature reaches 48 °C, bit 1 is
turned on). Bit 2 might indicate the status of Pump A (if the pump is off, the bit is off; if the pump is on, the bit
ison).

Because you can use Scratch Pad bits to keep track of events and alarms, you can set up reactions based on a
variety of conditions. In the example above, you could set up a reaction on an EB brain that sends a stream
packet if bit 1is on and bit 2 is off.

Cascading Events, Alarms, and Reactions

Scratch Pad bits are really a way to set up cascading events and reactions (that is, a series of events and
reactions dependent on each other). For example, the first event in the cascade could be the temperature in
Vat #12 reaching 40 degrees, and the reaction to it is setting Scratch Pad bit 1. The second event in the
cascade is that Scratch Pad bit #1 is set, and the reaction to that is some other action. A cascade of any number
of events and reactions can be configured, as needed.
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Using Event/Reactions

(Does not apply to groov I/O units or groov RIO modules.) Event/reactions are available on SNAP PAC R-series,
SNAP PAC EB and SB brains, SNAP Ultimate, and SNAP Ethernet 1/0 units. SNAP Simple I/0O units and E1 and E2
brain boards do not have event/reaction capability.

CAUTION: Event/reactions occur on the /O side of a SNAP PAC R-series or SNAP Ultimate controller, independently
of any PAC Control strategy running on the control side. If you are using PAC Control, it is best to use flowchart logic
to handle reactions to events. If you do set up event/reactions, be very careful that they do not conflict with PAC
Control logic.

Types of Events, Alarms, and Reactions

NOTE: groov I/0 units and SB brains do not support serial events and reactions nor reactions requiring an Ethernet
network, such as sending email.

Effect of Firmware on Events and Reactions

The following table shows the types of events and reactions available, depending on your processor and the
SNAP PAC firmware version you are using. The event or reaction can consist of one or a combination of the
following. The reaction can take place immediately or after a delay.

PAC Firmware > 8.1  PAC Firmware < 8.0
PAC-R, EB SB PAC-R, EB UIO, EIO

Events

On/off state of digital channel on 4-channel module ° ° ° °
State of on-latch or off-latch for digital channel on 4-ch mod ° °

On/off state of digital channel on HDD module ° °

State of on-latch or off-latch for digital channel on HDD mod ° °

High or low value of analog channel (in EU) . ° . .
Number on a digital counter or high or low number on . . . .
quadrature counter

Analog channel value or quadrature counter that is outside . . . .
allowable range

State of a bit in the Scratch Pad bits area . ° ° °
State of a bit in the Scratch Pad integer 64 area . .

Specific string received by serial module ° ° °
Turn on/off digital channel on 4-channel module . . ] °
Turn on/off digital channel on HDD module ° °

Clear on-latch or off-latch on 4-channel or HDD module (] (]

Copy data from one memmap location to another ° ° ° °
Log data . . ° °
Turn on or off a bit in the Scratch Pad bits area ° . ° °
Turn on or off a bit in the Scratch Pad integer 64 area o o

Send stream packet . . °
Send email message . ° °
Send string through a serial module to a serial device o ° °
Send SNMP trap . ° °
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The following table shows the number and type of events available, depending on the processor and the

firmware version.

PAC Firmware > 8.1
PAC-R, EB

Event Type

PAC Firmware < 8.0

Digital events—Expanded

(formerly called Timers) 512
Digital events—Old 128
Alarm events 64
Serial events 32

SB PAC-R, EB ulo, EIO
512 64 64
128 128 128
64 64 64
n/a 32 32

Note that the memory map section formerly called Timers, which provided digital events with a delay
between an event and the reaction to it, has been expanded in firmware 8.1 to include additional options
such as latches and HDD modules. All new digital events should be configured in Digital Events - Expanded to

take advantage of the new flexibility.

Digital events you already configured still exist in Digital Events - Old. Timers you already configured still exist

in Digital Events - Expanded.

Steps for Configuring Events and Reactions—PAC Firmware R8.1 and Higher

The following table shows steps you would use to configure possible events and reactions if you are using
firmware R8.1 or higher with SNAP PAC I/0 units. (For older firmware, see “Steps for Configuring Events and
Reactions—PAC Firmware R8.0 and Lower” on page 55.) Page numbers refer you to the memory map
addresses in Appendix A: Opto 22 Hardware Memory Map that you would use for configuration.

See explanations starting on page 57 for important information you'll need to set up the different kinds of

events and reactions.

Event Reaction Configuration Steps SED
page
Turn digital channel on/off | Configure Expanded Digital Events, with or without 145
on same |/O unit delay
or clear on-latch or off-latch
on same I/O unit
If digital channel is | Turn digital channel on/off | 1. Configure Expanded Digital Events—set Scratch | 145
on/off on different 1/O unit Pad bit 161
or or clear on-latch or off-latch | 2. (Email message only) Configure Email 136
If on-latch or on different I/O unit (Streaming only) Configure Streaming 131
off-latch is set or log data (SNMP only) Configure SNMP
or copy memory map data | 3. (Except data logging) Configure Event 158
or send message (stream, Messages—send message or data 171
email, serial, or SNMP (Data logging) Configure Data Logging and 161
trap). configure Email (optional)
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Event

If analog channel
value (Engineering
Units) goes above
or below a speci-

fied value
or

If digital counter
reaches a speci-

fied value

If analog channel
value (Engineering
Units) or quadra-
ture counter goes
outside an allow-

able range
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Reaction Configuration Steps S
page
Turn digital channel on/off | 1. Configure Alarm Events (high alarm or low
on same |/O unit alarm)—set Scratch Pad bit 157
or clear on-latch or off-latch | 2. Configure Expanded Digital Events—turn on/off 145
on same |/O unit channel or clear latch
Turn digital channel on/off 1. Configure Alarm Events (high alarm or low
on different 1/O unit alarm)—set Scratch Pad bit 157
or clear on-latch or off-latch | 2. (Delay only) Configure Expanded Digital 145
on different I/O unit Events—set time delay and set a Scratch Pad bit
or log data after the delay
or copy memory map data | 3. (Email message only) Configure Email 161
or send message (stream, (Streaming only) Configure Streaming 136
email, serial, or SNMP (SNMP only) Configure SNMP 131
trap). 4. (Except data logging) Configure Event
Messages—send message or data based on 158
timer-expired bit 171
(Data logging) Configure Data Logging based on | 161
timer-expired bit and configure Email (optional)
Turn digital channel on/off 1. Configure Alarm Events (deviation alarm)—set
on same |/O unit Scratch Pad bit 157
or clear on-latch or off-latch | 2. Configure Expanded Digital Events—turn on/off 145
on same |/O unit channel
Turn digital channel on/off | 1. Configure Alarm Events (deviation alarm)—set 157
on different 1/O unit Scratch Pad bit
or clear on-latch or off-latch | 2. (Delay only) Configure Expanded Digital 145
on different I/O unit Events—set time delay and set a Scratch Pad bit | 161
or log data after the delay 136
or copy memory map data | 3. (Email message only) Configure Email 131
or send message (stream, (Streaming only) Configure Streaming
email, serial, or SNMP (SNMP only) Configure SNMP 158
trap). 4. (Except data logging) Configure Event 171
Messages—send message or data based on 161

timer-expired bit
(Data logging) Configure Data Logging based on
timer-expired bit and configure Email (optional)




Event
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If a specific string
is received by a
serial module

(Data logging) Configure Data Logging based on
timer-expired bit and configure Email (optional)

Reaction Configuration Steps S
page
Turn digital channel on/off | 1. Configure Serial Events—set Scratch Pad bit
on same |/O unit 2. Configure Expanded Digital Events—turn on/off 161
or clear on-latch or off-latch channel or clear latch 145
on same |/O unit
Send SNMP trap 1. Configure Serial Events—set Scratch Pad bit 161
2. (Delay only) Configure Expanded Digital
Events—set time delay and set a Scratch Pad bit | 145
after the delay 131
3. Configure SNMP
4. Configure Event Messages—send trap based on 158
timer-expired bit
Send one-time email 1. Configure Serial Events—send email 161
2. Configure Email 161
Turn digital channel on/off 1. Configure Serial Events—set Scratch Pad bit 161
on different 1/O unit 2. (Except data logging) Configure Event
or clear on-latch or off-latch Messages—send message or data 158
on different I/O unit (Data logging) Configure Data Logging and 171
or log data configure Email (optional) 161
or copy memory map data 1 "Configure Serial Events—set Scratch Pad bit 161
or send message (stream, | 5 (pelay only) Configure Expanded Digital
email, serial, or SNMP Events—set time delay and set a Scratch Pad bit | 145
trap). after the delay 161
3. (Email message only) Configure Email 136
(Streaming only) Configure Streaming
4. (Except data logging) Configure Event 158
Messages—send message or data based on 171
timer-expired bit 161

Steps for Configuring Events and Reactions—PAC Firmware R8.0 and Lower

(Does not apply to groov I/0 units.) The following table shows steps you would use to configure possible
events and reactions if you are using SNAP firmware R8.0 or lower with PAC Manager 8.0 or 8.1 (see “Types of
Events, Alarms, and Reactions”on page 52 for more details). Page numbers refer you to the memory map
addresses in Appendix A that you would use for configuration.

See explanations starting on page 57 for important information you'll need to set up the different kinds of

events and reactions.
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Reaction

Configuration Steps

Turn 4-channel digital Now | Configure Digital Events 144
channel on/off (on After a | Configure Timers 145
same |/O unit) delay
Turn 4-channel digital Now | 1. Configure Digital Events—set Scratch Pad bit 144
channel on/off (on 2. (Except data logging) Configure Event Messages—send
different 1/0O unit) message or data 158
or Log data (Data logging) Configure Data Logging and configure Email 171
If 4-channel digital | or Copy memory map (optional) 161
channel is on/off data After a | 1. Configure Timers—set Scratch Pad bit 145
or Send message delay |2. (Email message only) Configure Email 161
(strgam, email, (Streaming only) Configure Streaming 136
serial, or SNMP (SNMP only) Configure SNMP 131
trap). 3. (Except data logging) Configure Event Messages—send
message or data 158
(Data logging) Configure Data Logging and configure Email 171
(optional) 161
Turn 4-channel digital Now | 1. Configure Alarm Events (high alarm or low alarm)—set Scratch 157
channel on/off (on Pad bit 144
same |/O unit). 2. Configure Digital Events—turn on/off channel
After a | 1. Configure Alarm Events (high alarm or low alarm)—set Scratch 157
delay Pad bit 145
2. Configure Timers—turn on/off channel
Turn 4-channel digital Now | 1. Configure Alarm Events (high alarm or low alarm)—set Scratch 157
If analog channel channel on/off (on Pad bit
value (Engineering different I/O unit) 2. (Except data logging) Configure Event Messages—send 158
Units) goes above or | or Copy memory map message or data 171
below a specified data (Data logging) Configure Data Logging and configure Email 161
value or Log data (optional)
. or Send message After a | 1. Configure Alarm Events (high alarm or low alarm)—set Scratch 157
If digital counte.r. (stream, email, delay Pad bit 145
reaches a specified serial, or SNMP 2. Configure Timers—set time delay and set a Scratch Pad bit after
VI trap). timer expires 161
3. (Email message only) Configure Email 136
(Streaming only) Configure Streaming 131
(SNMP only) Configure SNMP
4. (Except data logging) Configure Event Messages—send 158
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Event Reaction When? Configuration Steps S
page
Turn 4-channel digital Now | 1. Configure Alarm Events (deviation alarm)—set Scratch Pad bit 157
channel on/off (on 2. Configure Digital Events—turn on/off channel 144
same 1/O unit) After a | 1. Configure Alarm Events (deviation alarm)—set Scratch Pad bit 157
delay |2. Configure Timers—turn on/off channel 145
Turn 4-channel digital Now | 1. Configure Alarm Events (deviation alarm)—set Scratch Pad bit 157
channel on/off (on 2. (Except data logging) Configure Event Messages—send
different 1/0 unit) message or data 158
If analog channel or Copy memory map (Data logging) Configure Data Logging and configure Email 171
value (Engineering data (optional) 161
Units) or quadrature | or Log data After a | 1. Configure Alarm Events (deviation alarm)—set Scratch Pad bit 157
counter goes outside | or Send message delay | 2. Configure Timers—set time delay and set a Scratch Pad bit after
an allowable range (stream, email, timer expires 145
serial, or SNMP 3. (Email message only) Configure Email 161
trap). (Streaming only) Configure Streaming 136
(SNMP only) Configure SNMP 131
4. (Except data logging) Configure Event Messages—send
message or data based on timer-expired bit 158
(Data logging) Configure Data Logging based on timer-expired 171
bit and configure Email (optional) 161
Turn4-channel digital Now | 1. Configure Serial Events—set Scratch Pad bit 161
channel on/off (on 2. Configure Digital Events—turn on/off channel 144
same /O unit) After a | 1. Configure Serial Events—set Scratch Pad bit 161
delay | 2. Configure Timers—turn on/off channel 145
Send SNMP trap Now | 1. Configure Serial Events—send SNMP trap 161
2. Configure SNMP 131
After a | 1. Configure Serial Events—set Scratch Pad bit 161
delay | 2. Configure Timers—set time delay and set a Scratch Pad bit after
timer expires 145
3. Configure SNMP 131
4. Configure Event Messages—send trap based on timer-expired
bit 158
If a specific string is | Send one-time email Now | 1. Configure Serial Events—send email 161
received by a serial 2. Configure Email 161
module Turn 4-channel digital Now | 1. Configure Serial Events—set Scratch Pad bit 161
channel on/off (on 2. (Except data logging) Configure Event Messages—send
different 1/0 unit) message or data 158
or Copy memory map (Data logging) Configure Data Logging and configure Email 171
data (optional) 161
or Log data After a | 1. Configure Serial Events—set Scratch Pad bit 161
or Send message delay | 2. Configure Timers—set time delay and set a Scratch Pad bit after
(stream, serial, or timer expires 145
multiple e-mails) 3. (Email message only) Configure Email 161
(Streaming only) Configure Streaming 136
4. (Except data logging) Configure Event Messages—send
message or data based on timer-expired bit 158
(Data logging) Configure Data Logging based on timer-expired 171
bit and configure Email (optional) 161

Reactions” on page 52.

Using Digital Events and Reactions

NOTE: Availability varies depending on /0 processor, firmware, and module. See “Types of Events, Alarms, and

(Does not apply to groov I/O units or groov RIO modules.) In a digital event, the I/O unit monitors one or more
inputs, outputs, and Scratch Pad bits for a match to a specific pattern (the event). When the pattern is
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matched, the I/0 unit reacts in a predetermined way. The reaction can turn digital channels on or off and can
also set bits in the Scratch Pad. You can configure up to 128 digital events and reactions.

Digital event/reactions can be as simple as turning on a light (reaction) when a door opens (event). They can
also be very complex, depending on your needs. For example, suppose you need to monitor a critical group of
switches. If switches 1, 2, and 3 are all off at the same time, you want to turn on an emergency light and sound
an alarm. You can set up a digital event for the state of the three switches, and a reaction that automatically
turns on the emergency light and alarm.

In addition to digital states, events can include alarm or other conditions noted in the Scratch Pad. For
instance, to regulate the temperature of a room, you might set up an alarm event that turns on a bit in the
Scratch Pad when the temperature reaches 78° F (see “Using Alarms and Reactions”on page 61). Then you
would set up a digital event/reaction to turn on a fan when that Scratch Pad bit is on.

NOTE: If you want to turn on or off digital channels that are located on a different I/O unit, you can do so by using the
memory map copying feature when setting up event messages (see page 63).

Digital On/Off and Scratch Pad Masks

Both events and reactions are in the form of a mask. Digital channel masks represent 64 possible digital states;
you choose whether these represent channel states or on-latch or off-latch states. Scratch Pad masks
represent whatever you decide each bit should be.

For each digital event/reaction, you set up two to eight masks (up to four for the event and up to four for the
reaction), as shown below.

For the event: The table below shows possible triggers for the event, in the form of four masks. You can
configure only Trigger #1, only Trigger #2, or both. If you configure both, both must be true for the event to be
true. Choose the trigger(s) you want to use; then set up the masks.

Trigger #1

On mask

Digital channel state
Digital channel on-latch
Digital channel off-latch
HDD channel state
HDD on-latches

HDD off-latches
Scratch Pad bits

Off mask

Digital channel state
Digital channel on-latch
Digital channel off-latch
HDD channel state
HDD on-latches

HDD off-latches
Scratch Pad bits

Trigger #2

On mask

Scratch Pad bits
Scratch Pad Integer 64
Digital channel state
Digital channel on-latch
Digital channel off-latch

Off mask

Scratch Pad bits
Scratch Pad Integer 64
Digital channel state
Digital channel on-latch
Digital channel off-latch

For the reaction: This table shows possible reactions, again in the form of four masks. You can configure
only Reaction #1, only Reaction #2, or both. When the event occurs, all configured reactions will take place.
Choose the reaction(s) you want to occur, and then set up the masks.

Reaction #1

Set digital channel state
Clear digital channel latch | Clear digital channel latch
Set HDD channel state

Set HDD channel state
Clear HDD latch
Set Scratch Pad bits

Off mask

Set digital channel state

Clear HDD latch
Set Scratch Pad bits

Set Scratch Pad bits

Set Scratch Pad Integer 64
Set digital channel state
Clear digital channel latch

Reaction #2

Off mask

Set Scratch Pad bits

Set Scratch Pad Integer 64
Set digital channel state
Clear digital channel latch

NOTE: Trigger #1 does NOT control Reaction #1, Trigger #2 does not control Reaction #2. Instead, all the masks work
as a group. All the event masks must be a match for the I/0 unit to set the reaction(s), and if the event occurs, any

and all reactions will be set. If it doesn’t matter whether a specific channel or bit is on or off, leave its value at zero in
both the on mask and the off mask.
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To choose the triggers and reactions from the tables above, you also set up another mask: the event detail
mask (see “Event Detail Mask,” below, for examples).

When you configure events and reactions, the masks are in hex notation. If you are setting up a Digital On
mask for channels on the first two modules, for example, you might do so as follows:

Module position: 1 0
Channel number: 2 1 0 3 2 1 0
State:/| On | — [On | On | — - - | On
Binary notation: 0 1 1 0 0 0 1
Hex notation: B 1

(For more information on mask data format, see page 71.)

You can also configure the I/0 unit to send a message as a reaction to digital events. See page 63.

Event Detail Mask

In addition to the two to eight on/off bitmasks mentioned above, there’s also a separate bitmask that indicates
the details for the event—which triggers to use and which reactions should occur. For Event 0, for example,
this mask goes in memory map address FFFF FOD4 0044.

The table on the following page shows which bits to set in this detail mask to achieve the triggers and
reactions you want. In the table the triggers and reactions are separated for clarity, but you build only one
mask that includes all the elements you need. See the example below the table.

Remember that bit numbering starts at 0.

Event Detail Mask Bits

For this
Trigger #1
Digital Channel State
Digital Channel On-Latch
Digital Channel Off-Latch
HDD Channel State
HDD Channel On-Latch
HDD Channel Off-Latch
Scratch Pad Bits

Event

Scratch Pad Bits
Scratch Pad Integer 64
Digital Channel State
Digital Channel On-Latch
Digital Channel Off-Latch

Set these bits

None

1,2

N

4
1,2,4
1,4
15

None

6

16

16, 17,18
16, 17

Binary example

0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0110
0000 0000 0000 0000 0000 0000 0000 0010
0000 0000 0000 0000 0000 0000 0001 0000
0000 0000 0000 0000 0000 0000 0001 0110
0000 0000 0000 0000 0000 0000 0001 0010
0000 0000 0000 0000 1000 0000 0000 0000

0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0100 0000
0000 0000 0000 0001 0000 0000 0000 0000
0000 0000 0000 0111 0000 0000 0000 0000
0000 0000 0000 0011 0000 0000 0000 0000
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Hex example

0x00000000
0x00000006
0x00000002
0x00000010
0x00000016
0x00000012
0x00008000

Trigger #2

0x00000000
0x00000040
0x00010000
0x00070000
0x00030000
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Bit #:
Binary:

Hex:

For this
Reaction #1
Digital Channel State

Clear Digital Channel
Latches

HDD Channel State
Clear HDD Latches
Scratch Pad Bits

Reaction

Scratch Pad Bits
Scratch Pad Integer 64
Digital Channel State

Clear Digital Channel
Latches

Reaction occurs once*

Set these bits

None

3

5

8

Binary example

0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 1000

0000 0000 0000 0000 0000 0000 0010 0000
0000 0000 0000 0000 0000 0000 0010 1000
0000 0000 0001 0000 0000 0000 0000 0000

0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 1000 0000
0000 0000 0000 1000 0000 0000 0000 0000

0000 0000 0010 0000 0000 0000 0000 0000

How reaction occurs (applies to both Reaction #1 and Reaction #2)

Hex example

0x00000000
0x00000008

0x00000020
0x00000028
0x00100000

Reaction #2

0x00000000
0x00000080
0x00080000

0x00200000

0000 0000 0000 0000 0000 0001 0000 0000 | 0x00000100

* By default, the reaction occurs continuously. See “How Digital Events Trigger Reactions” on page 60).

Event Detail Mask Example

In the table above, the triggers and reactions are separated for clarity, but in practice you build only one mask
tha