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Safety Summary — Symbols on equipment:

A

The information contained in this manual is subject to change
without notice. Acromag, Inc., makes no warranty of any kind
with regard to this material, including, but not limited to, the
implied warranties of merchantability and fitness for a particular
purpose. Further, Acromag, Inc., assumes no responsibility for
any errors that may appear in this manual and makes no
commitment to update, or keep current, the information contained
in this manual. No part of this manual may be copied or
reproduced in any form, without the prior written consent of
Acromag, Inc.

Means “Caution, refer to this manual for additional
information”.
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IMPORTANT SAFETY CONSIDERATIONS

It is very important for the user to consider the possible adverse
effects of power, wiring, component, sensor, or software failures
in designing any type of control or monitoring system. This is
especially important where economic property loss or human life
is involved. It is important that the user employ satisfactory
overall system design. It is agreed between the Buyer and
Acromag, that this is the Buyer's responsibility.

Windows 95/98 & NT are registered trademarks of Microsoft
Corporation.

1.0 INTRODUCTION

These instructions cover hardware functionality of the
transmitter models listed in Table 1. Supplementary sheets are
attached for units with special options or features.

Table 1: Models Covered in This Manual

Series/ -Options/Output/ -Factory
Input/Type | Enclosure/Approvals' | Configuration?
895M3 -0800 -C
896M?3 -0800 -C

Notes (Table 1):
1. Approvals: cULus Listed.

Include the “-C” suffix to specify factory configuration option.
Otherwise, no suffix is required for standard configuration.

3. Model 896M-0800 units have two input channels, while
895M-0800 units have one input channel.

Module programming, transmitter operation, and the
IntelliPack Configuration Software are also covered in the
IntelliPack Transmitter Configuration Manual (8500-570).

DESCRIPTION

Series 895/896M Frequency Output Transmitters are
members of the popular Acromag IntelliPack Transmitter & Alarm
family. These models will accept one or two channels of DC
current or voltage input, and provide an isolated pulse or square
waveform output, whose frequency or duty cycle is controlled via
a programmed mathematical operation operating on one or both
input signals. Each channel also includes a solid-state output
whose ON/OFF state is controlled via a separate equation. Each
input, output, and control output has its own variable name that
allows it to be included in any output equation. All units are fully
reconfigurable via our user-friendly Windows 95/98® or NT®
IntelliPack Configuration Program. IntelliPacks contain an
advanced technology microcontroller with integrated down-
loadable flash memory for non-volatile program, configuration,
calibration, and parameter data storage. Once configured, these
modules may operate independent of a host computer for true
embedded computation, process monitoring, and control.

Module inputs may be field connected for either process
current or DC voltage input signals. The 896M provides two
current or voltage inputs, while the 895M provides one current or
voltage input. Mathematical operators and embedded functions
may be applied to one or both input signals to control either
output frequency or duty cycle, depending on the output response
type selected. Three types of output response are possible: a
frequency output with variable frequency in Hertz and fixed 50%
duty cycle, a pulse-width modulated output with a fixed output
frequency and variable duty cycle, and a low frequency output
pulse in counts per hour with a fixed pulse ON-time. Equations
for each output and each control output can be configured and
may include variables that represent the input signal, output
signal, or control output state. A wide variety of math and logical
operators and functions are provided. The module also includes
low dropout function support which allows a minimum input level
to be defined that below which, a zero input is assumed. A status
indicator on the front of the module flashes for input signals in the
low dropout region.
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This module includes open-drain frequency outputs with
optional pullups to +5V built-in. The open-drain frequency output
can be used to drive electronic counters (TTL or CMOS) directly
(using the internal pullup), or it can be used to drive electro-
mechanical counters when connected to an external DC power
source. For output frequency ranges from 10Hz to 10,000Hz full-
scale, the unit outputs a 50% duty-cycle pulse waveform. For
output frequency ranges from 10CPH to 100,000CPH full-scale,
the duty cycle defaults to a 50ms ON-time pulse width, but may
be alternately specified from 1ms to 255ms. A yellow LED for
each channel indicates input over/under-range status, plus zero
dropout status. A green “Run” LED indicates power and
operation status. Each channel also includes wire terminals that
may be used to externally signal the module to hold the
corresponding transmitter output at the last value.

In addition to the frequency outputs, these modules include
an isolated, solid-state, control output switch for each input that
will change states via its own control equation. Each channel
includes a yellow LED on the front of the module to provide visual
indication of the switch ON/OFF state.

The module uses a high resolution, low noise, Sigma-Delta,
Analog to Digital Converter (£-A ADC) to accurately convert the
input signals into digitized values. All scaling and computation is
performed using single-precision, floating point arithmetic within
the main microcontroller. Separate optically-isolated slave
controllers provide counter and timer regulation of the output
waveform for precise and accurate control.

All IntelliPack modules are designed to withstand harsh
industrial environments. They feature RFI, EMI, ESD, EFT, and
surge protection, plus low temperature drift, wide ambient
temperature operation, and isolation between input, output, and
power. They also have low radiated emissions per CE
requirements. As a wide-range DC-powered device, the unit may
be powered from DC power networks incorporating battery back-
up. Additionally, the input power terminal is diode-coupled,
providing reverse polarity protection. This allows the unit to be
connected to redundant power supplies, or several units to safely
share a single DC supply.

Units are DIN-rail mounted and removable terminal blocks
facilitate ease of installation and replacement, without having to
remove wiring. Transmitter power and output wiring are inserted
at one side of the unit, while input wiring is inserted at the other
side. Connectors are an industry standard screw clamp type and
accept a wide range of wire sizes.

Variable input and output ranges, generous math and logical
operation support, flexible power requirements, plus convenient
reprogrammability makes this instrument extremely powerful and
useful over a broad range of applications. For example, it can be
used in telemetry systems where the DC signal is converted to a
frequency, transmitted over long lines, then converted back to a
DC signal at the receiving end by means of a frequency to DC
converter. It can also be used as a frequency input to a PLC.
When connected to a counter at the output, the module may be
used in totalizing applications, where the total number of pulses
counted in a given time period represents the time integral of the
DC input. That is, if the input represents flow in gallons per hour,
then the time integral of this flow signal (total count) will represent
total gallons.

Another use involves varying pulse-width on-time as a function of
the input signal at any frequency from 1 to 10KHz. The safe,
compact, rugged, reconfigurable, and reliable design of this
transmitter makes it an ideal choice for control room and field
applications. Custom IntelliPack module configurations are also
possible (please consult the factory).

Key IntelliPack 895M/896M Features

. Easy Windows® Reconfiguration - Via the user friendly
Windows 95/98® or NT® IntelliPack Configuration Program.

e  Separate Frequency & Control Output Equations - Each
output (frequency or pulse-width) is controlled via its own
output equation. The state of the control outputs is also
driven by their own equations.

. Supports Integrator/Totalizer Applications - When used
with a counter, these models can be used to integrate and
totalize input signals representing such process variables as
flow, weight, power, and BTU’s. Math support allows this
module to be configured with a linear response, square-root
response, or other user-defined integrator/totalizer type.

. Generous Mathematical Operator & Function Support -
This transmitter may mathematically combine one or two
inputs or outputs using addition, subtraction, multiplication,
and division. In addition, functions for square root, absolute
value, min/max detection, exponential, logarithmic, power,
sine, cosine, tangent, arc-sine, arc-tangent, and arc-cosine
generation are supported. Conditional constructs with IF-
THEN-ELSE are included. Variables are provided for each
input and output. Initial output values may be assigned and
take effect following power-up or a reset until the internal
computation takes control of the output. Other functions are
possible—please consult the factory.

. IF-THEN-ELSE Support - Evaluates conditional statements
IF-THEN-ELSE, AND, OR, plus >, >=, <, <=, =, and <>.

e  Supports Pulse-Width Modulation - A fixed output
frequency from 1Hz to 10KHz may have its pulse width
modulated between a minimum specified duty cycle and
maximum specified duty cycle with 0.1% resolution. PWM
outputs may be used in stepper controls, servo systems,
light dimmer controls, and variable frequency drives.

e  Supports Frequency Output Over Wide Range - This
module can generate a square-wave output waveform in the
range of 0 to 10KHz (50% duty cycle). Low frequency
ranges in counts per hour are also supported and allow the
pulse ON-time to be specified (see below).

. Generates Accurate Low Frequency Pulses in CPH -
Accurate low frequency pulse trains may be generated from
0 to 100000 Counts Per Hour (10 CPH minimum span). The
pulse ON-time may be configured from 1 to 255ms, or a
50% duty cycle may be used (On-Time=0).

. Includes Solid-State Control Outputs w/ LED Indication -
Each input includes an isolated solid-state control output (a
normally open 1 Form A switch) that is controlled via
separate user-defined control output equations. These
outputs may switch up to 60VDC at 500mA. Variables that
represent the current state of these outputs may be included
in output equations. A yellow “CONTROL” LED for each
output is included to indicate the switch “ON” condition.

. High Voltage & Current Open Drain Outputs - The open
drain outputs of this module may switch up to 60VDC at 1A.

e  Output HOLD Function - An external HOLD input terminal
is provided to optionally signal the module to hold the
module’s corresponding frequency output at the last value.
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Key IntelliPack 895M/896M Features...continued

e  Zero Drop Out Functionality - A zero drop out level from 0
to 10% of input span can be specified and the module will
evaluate input signals below this level as equivalent to zero.
The channel’s corresponding STATUS LED will blink to
indicate input signals in the zero drop out region.

. Convenient Scaling to Engineering Units — I/O signals
are easily scaled to units/ ranges to fit your application.

. Nonvolatile Reprogrammable Memory - This module has
an advanced technology microcontroller with integrated,
non-volatile, downloadable flash memory. This allows the
functionality of this device to be reliably reprogrammed
thousands of times.

. Fully Isolated - Input, frequency outputs, control outputs,
and power are isolated from each other for safety and
increased noise immunity. Inputs share common and are
not isolated channel-to-channel. Frequency outputs share
common and are not isolated output-to-output. Control
outputs are separately isolated.

. Convenient Output Excitation Supply - The open-drain
outputs may use the internal 470Q pullups to +5V, or
external pullups to some other supply up to 60VDC.

. Flexible DC Current or Voltage Inputs - Each input is
individually configurable for several ranges of process
current or voltage, without changing models.

e Wide-Range DC-Powered - This device operates from a
wide DC supply range and the power terminal is diode-
coupled. This makes this transmitter useful for systems with
redundant supplies, and/or battery back-up.

e  Wide Ambient Operation - The unit is designed for reliable
operation over a wide ambient temperature range.

. Hardened For Harsh Environments - The unit will operate
reliably in harsh industrial environments and includes
protection from RFI, EMI, ESD, EFT, and surges, plus low
radiated emissions per CE requirements.

. Convenient Mounting, Removal, & Replacement - The
DIN-rail mount and plug-in type terminal blocks make
module removal and replacement easy.

. High-Resolution Precise A/D Conversion - Includes a
high-resolution, low noise, Sigma-Delta, Analog-to-Digital
Converter (2-A ADC) for high accuracy and reliability.

. LED Indicators - Used to indicate power, operation, alarm,
zero-dropout, and channel over/under-range status.

ACCESSORY ITEMS

The following IntelliPack accessories are available from
Acromag. Acromag also offers other standard and custom
transmitter and alarm types to serve a wide range of applications
(please consult the factory).

IntelliPack Configuration Software (Model 5030-881)

IntelliPack alarms and transmitters are configured with this
user-friendly Windows 95/98® or NT® Configuration Program.
This software package includes the IntelliPack Alarm
Configuration Manual (8500-563) and IntelliPack Transmitter
Configuration Manual (8500-570). These manuals describe
software operation and various alarm and transmitter functions in
detail. The Configuration Software also includes an on-line help
function. All transmitter and alarm functions are programmable
and downloadable to the modules via this software. Non-volatile
memory provides program, configuration, and data storage within
the IntelliPack.

IntelliPack Serial Port Adapter (Model 5030-913)

This adapter serves as an isolated interface converter
between the EIA232 serial port of the host computer and the
Serial Peripheral Interface (SPI) port of the IntelliPack module. It
is used in conjunction with the Acromag IntelliPack Configuration
Software to program and configure IntelliPack modules. This
adapter requires no user adjustment, no external power, and
operates transparent to the user. It receives its power from the
IntelliPack module. The adapter has a DB9S connector that
mates to the common DB9P serial port connector of a host
computer. The adapter also has a 6-wire RJ11 phone jack to
connect to the IntelliPack alarm module via a separate
interconnecting cable (described below). Refer to Drawing 4501-
747 for computer to IntelliPack connection details.

IntelliPack Cable (Model 5030-902)

This 6-wire cable is used to connect the SPI port of the
IntelliPack Serial Port Adapter to the IntelliPack. This cable
carries the SPI data and clock signals, reset signal, and +5V
power and ground signals. The cable is 7 feet long and has a 6-
wire RJ11 plug at both ends which snap into jacks on the Serial
Port Adapter and the IntelliPack module.

IntelliPack USB-to-RS232 Serial Adapter (P/N 4001095)

This adapter is used to add a traditional RS232 serial port
to newer personal computers or laptops that do not support
legacy RS232 serial ports, but may have USB serial support.
This adapter requires no user adjustment, no external power, and
operates transparent to the user. The adapter has a USB
connector at one end of a 6 foot cable for connection to a host
computer, and a DB9P connector at the other end for connection
to serial port adapter 5030-913 of this kit. Refer to Drawing
4501-747 for computer to IntelliPack connection details.

IntelliPack Software Interface Package (Model 800C-SIP)

The IntelliPack Software Interface Package combines the
Configuration Software (5030-881), Transmitter Configuration
Manual (8500-570), Alarm Configuration Manual (8500-563),
Serial Port Adapter (5030-913), USB-to-RS232 Serial Adapter,
and Cable (5030-902), into a complete kit for interfacing with
IntelliPack Transmitters and Alarms.

2.0 PREPARATION FOR USE
UNPACKING AND INSPECTION

Upon receipt of this product, inspect the shipping carton for
evidence of mishandling during transit. If the shipping carton is
badly damaged or water stained, request that the carrier's agent
be present when the carton is opened. If the carrier's agent is
absent when the carton is opened and the contents of the carton
are damaged, keep the carton and packing material for the
agent's inspection. For repairs to a product damaged in
shipment, refer to the Acromag Service Policy to obtain return
instructions. It is suggested that salvageable shipping cartons
and packing material be saved for future use in the event the
product must be shipped.
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This module is physically protected
with packing material and electrically
protected with an anti-static bag
during shipment. However, it is
recommended that the module be
visually inspected for evidence of
mishandling prior to applying power.

%
\/
CAUTION

SENSITIVE ELECTRONIC DEVICES

DO NGT SHIP OR STORE NEAR STRONG
ELECTROSTATIC, ELECTROMAGNETIC
\MAGNETIC QR RADIOACTIVE FIELDQJ

This circuit utilizes static sensitive
components and should only be
handled at a static-safe workstation.

INSTALLATION

The transmitter module is packaged in a general purpose
plastic enclosure. Use an auxiliary enclosure to protect the unit in
unfavorable environments or vulnerable locations, or to maintain
conformance to applicable safety standards. Stay within the
specified operating temperature range. As shipped from the
factory, the unit is factory calibrated for all valid input ranges and
has the default configuration shown in Table 3 below.

WARNING: Applicable IEC Safety Standards may require that
this device be mounted within an approved metal enclosure or
sub-system, particularly for applications with voltages greater
than or equal to 75VDC or 50VAC.

Table 3: 895M/896M Default Factory Configuration1

PARAMETER CONFIGURATION/CALIBRATION
Input 1 Range?® 0to 10V DC

Input 1 Zero Dropout 0.0%

Input 2 Range?® 0to 10V DC

Input 2 Zero Dropout 0.0%

Output 1 Range Type Frequency (Hertz)

Output 2 Range Type Frequency (Hertz)

Input 1 Scaling 0V = 0%; 10V = 100%

Output 1 Scaling 0Hz=0; 10KHz = 100

Input 2 Scaling 0V = 0%; 10V = 100%

Output 2 Scaling 0Hz=0; 10KHz = 100

Output 1 Equation? A
Control Out 1 Equation? A>50
Output 2 Equation? D

Control Out 2 Equation? D > 50

Notes (Table 3):
1. Shaded entries apply to 896M-0800 units only which have two

1/O channels.

2. Variables A, B, C, D, E, and F are used in the output
equations to represent input 1, output 1, control output 1,
input 2, output 2, and control output 2, respectively.

3. For process current input ranges, a short jumper wire must be
inserted between the input “I+” and “V+” terminals (not
included). This jumper is removed for voltage input ranges.

Your application may differ from the default configuration and
will require that the transmitter be reconfigured to suit your needs.
This is accomplished with Acromag’s user-friendly Windows
95/98% or NT® Configuration Program and Serial Port Adapter. It
is usually more convenient to configure the module prior to field
installation. See Software Configuration for details and refer to
the Transmitter Configuration Manual (8500-570) for additional
instructions.

Jumper Installation (Current Input)

For process current input, a short jumper wire must be
installed between the input “I+” and “V+” terminals. This jumper
is not included from the factory. Remove this jumper for voltage
input applications. Refer to the Electrical Connections Drawing
4501-744.

Pullup Installation (Open-Drain Frequency Output)

The frequency outputs are an open-drain type and require a
pullup resistor to complete the drive circuit (see Drawing 4501-
744). Internal pullups of 470Q to +5V are provided at the PUL1
and PUL2 terminals. Simply install a jumper between the open-
drain output (FRQ1 or FRQ2) and the pullup terminal (PUL1 or
PUL2). This will be adequate for building a simple logic level
interface for TTL and CMOS, but may be inadequate for other
interfaces requiring higher voltages and currents. As such,
outputs may also be pulled up externally by installing an
appropriate pullup resistor between the open drain output and an
external excitation supply up to 60VDC (do not connect to PUL1
or PUL2). Limit drain currents to less than 1A. Configure the
output pullup(s) as required by your application. Refer to the
Electrical Connections Drawing 4501-744.

Mounting

Refer to Enclosure Dimensions Drawing 4501-745 for
mounting and clearance dimensions.

DIN Rail Mounting: This module can be mounted on "T"
type DIN rails. Use suitable fastening hardware to secure the
DIN rail to the mounting surface. Units may be mounted
side-by-side on 1-inch centers for limited space applications.
"T" Rail (35mm), Type EN50022: To attach a module to this
style of DIN rail, angle the top of the unit towards the rail and
locate the top groove of the adapter over the upper lip of the
rail. Firmly push the unit towards the rail until it snaps solidly
into place. To remove a module, first separate the input
terminal block(s) from the bottom side of the module to
create a clearance to the DIN mounting area. Next, insert a
screwdriver into the lower arm of the DIN rail connector and
use it as a lever to force the connector down until the unit
disengages from the rail.

Electrical Connections

Terminals can accommodate wire from 14-26 AWG (stranded
or solid), or 12 AWG stranded. Strip back wire insulation 1/4-inch
on each lead before installing into the terminal block. Input wiring
should be shielded twisted-pair. Since common mode voltages
can exist on signal wiring, adequate wire insulation should be
used and proper wiring practices followed. It is recommended
that transmitter output and power wiring be separated from the
input signal wiring for safety, as well as for low noise pickup.

Note that input, power, and output terminal blocks are a plug-in
type and can be easily removed to facilitate module removal or
replacement without removing individual wires. If your input is
process current, you must install a short jumper wire between the
input “I+” and “V+” terminals to complete the input circuit. Be
sure to remove power and/or disable the load before unplugging
the terminals to uninstall the module, installing or removing
jumpers, or before attempting service. All connections must be
made with power removed.
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CAUTION: Risk of Electric Shock - More than one disconnect
switch may be required to de-energize the equipment before
servicing.

1. Power: Refer to Electrical Connections Drawing 4501-744.
Variations in power supply voltage within rated limits has
negligible effect on module accuracy. For supply
connections, use No. 14-24 AWG wires rated for at least
90°C. The power terminal is diode-coupled for reverse
polarity protection. Choose a power supply capable of
providing the maximum steady state current draw of the
module, plus the peak inrush current that is required when
power is first switched on, or startup problems may occur. As
a general rule, the peak current approaches twice the
maximum steady state current. Peak currents are reduced
with higher supply voltages.

2. DC Voltage/Current Inputs: Connect input(s) per Drawing
4501-744. Observe proper polarity (see label for input type).
For process current input, the input “I+” terminal must be
jumpered to the input “V+” terminal. Place a short jumper
between these terminals to complete the input circuit for
current inputs only. Otherwise, voltage is delivered to the
“V+” input directly with this jumper removed.

Optional HOLD Wiring: A TTL or open collector/drain signal
may be wired to the hold (labeled “HLD1” & “HLD2") and
return (HRTN) terminals of the module to hold the
transmitter’s corresponding output at the last value while
HOLD is asserted low (only the analog output is held, not the
engineering units computation). HOLD is pulled-up internally
(deasserted) and is part of the input circuit which is isolated
from the output. HOLD return (HRTN) and input return (RTN)
are not equivalent potentials and should never be tied
together. Make sure that HOLD return is not inadvertently
tied to ground which may be connected to input return.

3. Frequency Output Connections: Wire outputs as shown in
Electrical Connections Drawing. Observe proper polarity.
Either install a jumper from the open-drain output to the
pullup terminal, or wire a pullup resistor to an external supply
as appropriate to your application (see Pullup Installation).

Additional Output Protection: The open-drain outputs of
this module already include a shunt-diode from drain-to-
source to absorb the reverse potential that may develop while
switching inductive loads. However, to further protect the
circuit and increase its useful life, external protection local to
the load is recommended, especially with inductive loads.

For DC inductive loads, place a diode across the load
(1N4006 or equivalent) with cathode to (+) and anode to (-).

IMPORTANT - For Increased Noise Immunity: For low
current applications, such as driving simple logic level inputs,
a 50Q) resistor connected in series with the output will
significantly reduce the negative effects of ground bounce in
the output signal at the signal transitions. This bounce may
cause false triggering of counter/timers or other high speed
inputs and produce erroneous or erratic readings. To further
reduce transition noise and ground bounce, outputs should
be properly grounded.

4. Control Output Connections: Wire the solid-state relay
outputs as shown in Electrical Connections Drawing
4501-744. Observe proper polarity. Output control is limited
to voltages less than 60V DC and currents below 500mA. If
necessary, an interposing relay can be used to switch higher
currents.

Solid-State Relay Contact Protection: The solid state
control outputs of this module already include a shunt-diode
to absorb the reverse potential that may develop while
switching inductive loads. However, to maximize relay life
with inductive loads and minimize radiated energy, external
protection local to the load is recommended. For DC
inductive loads, place a diode across the load (1N4006 or
equivalent) with cathode to (+) and anode to (-).

5. Grounding: See Electrical Connections Drawing 4501-744.
The module housing is plastic and does not require an earth
ground connection.

WARNING: For compliance to applicable safety and
performance standards, the use of shielded cable is
recommended as shown in Drawing 4501-744. Further, the
application of earth ground must be in place as shown in
Drawing 4501-744. Failure to adhere to sound wiring and
grounding practices may compromise safety & performance.

3.0 MODULE CONFIGURATION

This computation transmitter needs to be configured for your
application. Input and output ranges must be scaled and
equations that relate the input, output, and control variables must
be entered for the frequency and control outputs. Configuration
is done using Acromag’s Windows 95/98% or NT® IntelliPack
Configuration Program and Serial Port Adapter. Additional
transmitter configuration details are included in the IntelliPack
Transmitter Configuration Manual (8500-570) and in Section 6 of
this manual. The following section provides information regarding
the formulation of the equation that relates the input signal(s) to
the outputs of this module.

MATH FORMULATION

Three types of output response are configurable via this
module: 1) a variable high frequency square waveform from OHz
to 10Hz to 0 to 10KHz (50% duty cycle), 2) a variable low
frequency pulse train from 0-10 counts per hour (CPH) to
0-100,000 counts per hour with a fixed specified ON-time, and 3)
a fixed output frequency of 1Hz to 10KHz with a variable duty-
cycle from a specified minimum duty cycle to a maximum duty
cycle with 0.1% resolution. In each of these configurations, either
the output frequency or the duty cycle (but not both
simultaneously) is being varied in response to the input signal(s)
with applied math formulation and scaling. Variables that
represent the inputs, outputs, and control outputs may be
combined with constants, math operators, functions, and logical
operators to perform complex input to output conversion and
control. An optional HOLD signal may be wired to the module at
the hold terminals (HLD1, HLD2, HRTN) and is asserted low to
hold the analog output at the last value (hold does not hold the
engineering units computation, only the resultant analog output).

The IntelliPack Configuration Software provides the interface
for scaling the input and output values, and entering the
frequency and control output equations via the transmitter
configuration screen shown on the following page.
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i1 IntelliPack Configuration - 896M-0800 - Examplel .itp

P |

File Module Setting: Help
D|=|E| S| 2|W] = x|
General  #mitr Configuration | Test I Input Calibration I
Scaling:
Zero Zero Full Scale Full 5cale | Initial
1o LT Signal Engr Units Signal Engr Units EU En_gr
LI Value Value Value Value Value Rl
Input 1 A 0.0 HDE 1] 10.0 WwDC 100 3
Output1 | B 0.0 H= 0: 1o0.0 H= 100 1] 5
Cont 1 C Open ] Closed <=0 ]
Input 2 1] 0.0 ¥DC 1] 10.0 WwDC 100 3
Output 2 | E 0.0 Hz 0: 1o0.0 H= 100 1] %
Cont 2 F Open ] Closed <=0 ]
e Shiow Sirulator I
Dutput 1 (8] = [& =

For Help, presz F1

The 895M/896M will mathematically combine the scaled input
signal value(s) according to a preprogrammed output equation
entered via the IntelliPack Configuration Software. In the
Transmitter Configuration Screen shown above, a simple edit box
is provided to enter each output equation that operates on the
scaled input and output values from each channel. Use the scroll
arrows to the right of the equation field to cycle through each
output equation. Equations are entered in a free-form format,
similar to entering a cell formula in Microsoft Excel. The equation
combines standard math operators and functions, with floating
point constants, and variables that represent the scaled input
channel value(s), the current output values, and the current
control output values. The variables A, B, C, D, E, and F are
used in the output equations to represent the scaled equivalent
values of input 1, output 1, control output 1, input 2, output 2, and
control output 2, respectively (see Table 3). The module will
operate on scaled I/O values and compute a solution to the
output equation, then scale the computed value to the desired
output frequency or duty cycle, depending on the output type
configured. Initial output values are defined and take effect
following power-up or reset, until the computation takes control of
the corresponding output.

All scaling and computation is performed using single precision,
floating point arithmetic. A simulator is provided to check scaling
and computation for each channel. Click on the Show Simulator
button to use this feature.

It is important to note that the built-in equation interpreter
operates on scaled input and output values only. Scaled values
are floating-point numbers in the engineering units of your
application and are limited to 8 characters. Large numbers may
be entered in scientific notation (i.e. 123456E3). Each input, plus
the output must be scaled. That is, for each input, you must
specify a scaled value in engineering units for the nominal zero
and full-scale input range endpoints which use mA or volts,
according to the input range configured. You must also specify a
scaled value in engineering units for the nominal zero and full-
scale output range endpoints which use Hz, CPH, or %,
according to the output range configured. The nominal output
zero and full-scale endpoints may also be defined (i.e. a subset of
the output range may be used), while the input zero and full-scale
endpoints are fixed per the configured input range.
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The computed output value in engineering units, is then scaled to
output frequency (Hz or CPH), or duty cycle (%), using the zero
and full-scale frequency endpoints of the desired output range, or
the minimum and maximum duty cycle of a specified fixed output
frequency, depending on the output range selected. The output
signal is then updated accordingly if HOLD is not asserted. Note
that the hold signal does not hold the computation, only the
resultant analog output, and has no effect on the control output.
For example, 4-20mA channel 1 can be scaled to 0-5000Hz at
the output—the 4mA input signal endpoint is scaled to OHz and
the 20mA full-scale signal is scaled to 5000Hz. In this case, the
engineering units correspond directly to the output units, but this

is not required.

Up to 200 characters may be entered into the output equation
fields to define a formula that relates the scaled 1/O values to the
scaled output value. Note that equation constants can be
entered as floating point numbers, or in scientific notation.
Equation operators are shown in Table 3 below. Channels 1 and
2 may have different input and range type configurations.

Table 3A: IntelliPack 896M/895M Math Operators

OPERATOR

DESCRIPTION

+

Add (Do Not Use “+” To Indicate Polarity)

Subtract or unary minus for constants

Multiply

Divide

Left Parenthesis

!
(
)

Right Parenthesis

e

A constant followed by the suffix “e” or
“E” represents scientific notation and a
power of 10 follows (i.e. 10e8 =
100,000,000.0).

Represents the scaled value of input 1

The current scaled value of output 1

The current state of control output 1.
Note: C= 0.0 = False (Switch Open); C
not equal to 0.0 implies True (Switch
Closed).

Represents the scaled value of input 2

The current scaled value of output 2

The current state of control output 2.
Note: F= 0.0 = False (Switch Open); F
not equal to 0.0 implies True (Switch
Closed).

Table 3B:

IntelliPac|

k 896M/895M Math Functions

FUNCTION

DESCRIPTION

MIN(n1,n2,..,n5)

Return the minimum value of two to five
channels, numbers, or expressions.

MAX(n1,n2,..,n5)

Return the maximum value of two to five
channels, numbers, or expressions.

SQRT(n1) Return the square root of a channel,

n1>=0 number, or expression.

ABS(n1) Return the absolute value of a channel,
number, or expression.

EXP(n1) Compute the exponential (e"") of a
channel, number, or expression.

LN(n17) Compute the natural logarithm (base e) of

n1>0 a channel, number, or expression.

LOG10(n1) Compute the base 10 logarithm of a

n1>0 channel, number, or expression.

POWER(n1,n2) Compute channel, number, or expression

n1 raised to the n2 power (n1"2).

Table 3B: IntelliPack 896M/895M Math Functions

FUNCTION DESCRIPTION

SIN(n1) Compute the sine of a channel, number,

n1is in radians or expression.

COS(n1) Compute the cosine of a channel,

n1is in radians number, or expression.

TAN(n1) Compute the tangent of a channel,

n1is in radians number, or expression.

ASIN(n1) Compute the arc-sine (sin™', -I1/2 <=

-1<=n1<=1 radians <= I1/2) of a channel, number, or
expression.

ACOS(n1) Compute the arc-cosine (cos™', 0 <=

-1<=n1<=1 radians <= IT) of a channel, number, or
expression.

ATAN(n1) Compute the arc-tangent (tan™!, -T1/2 <=
radians <= I1/2) of a channel, number, or
expression.

IF(condition) Conditional Expression. If the conditional

THEN(n1) expression is true, then the expression n1

ELSE(n2) is performed, otherwise the expression n2

is performed. Can only be used one time
in a formula. ELSE must be included.

AND(n1,n2,..,n5)

Conditional construct AND of two to five
channels, numbers, or expressions. True
if all n1..n5 are true.

OR(n1,n2,..,n5)

Conditional construct OR of two to five
channels, numbers, or expressions. True
if any one or more of n1..n5 are true.

XOR(n1,n2) Conditional construct Exclusive OR of two
to five channels, numbers, or expressions.
True if either of n1 or n2 are true, but not
both.

NOT(n1) Conditional construct for inversion of a
channel, number, or expression. True if
n1is false.

< Conditional construct -less than.

<= Conditional construct -less than or equal
to.

> Conditional construct -greater than.

>= Conditional construct -greater than or
equal to.

= Conditional construct -equal to.

<> Conditional construct -not equal to.

Notes (Tables 3A & 3B):

« 0

1. Inthe table, “n” is used to represent a channel variable,
number, or expression (another function or equation).

2. Do not use the plus symbol as a polarity indicator, it is only
used for the add operation.

3. Do not type or embed space between the sign of a number
and the number itself.

4. Do not type or embed space between the function keyword
and left parenthesis.

5. The use of control variables C & F within an equation will
return the result of their respective computation equations,
not their “0” or “1” states.

Show Simulator

The IntelliPack Configuration Software also provides a Show
Simulator function that you can use to test your input formulation
and ensure that a correct output response within range is
produced, without having to drive the inputs with real world
signals. For each input, a slider control is provided to simulate
the input signal. For fine control of the slider, use the left and
right arrow keys. The corresponding output value is displayed
using scaled units, and signal units (%, Hz, or CPH).
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Computations that return values beyond the defined range will be
“clipped” to the minimum or maximum scaled values to ensure
that a valid output response is always returned. Error checking in
this area is limited, and it is up to the user to verify correct output
formulation for all possible conditions of input. As such, use of
the Show Simulator function is highly recommended for critical
control applications.

The following example equations are entered into the
Equation field exactly as they are shown below to the right of the
equal “=" sign.

Equation Examples

Compute a simple linear output response to the input signal:
OUTPUT1 (B)=A

Compute a square root output response to the input signal:
OUTPUT 1 (B) = SQRT(MAX(0,A))

Note that the use of the MAX function in the above example will
prevent negative input signals from being computed.

Compute the average of both input signals:
OUTPUT 1 (B) = (A + D)/2

Compute the smallest square root of 2 input signals:
OUTPUT 1 (B) = MIN(SQRT(ABS(A)), SQRT(ABS(D)))

Compute the square of the scaled value of input 1:
OUTPUT 1 (B) = POWER(A,2)

Compute the sum of the minimum and maximum of 2 signals:
OUTPUT 1 (B) = MIN(A, D) + MAX(A, D)

Compute the maximum of 2 input signals greater than 10:
OUTPUT 1 (B) = MAX(A, D, 10)

Examples of Conditional expressions follow:
OUTPUT 1 (B) = IF(AND(A>D,A>10)) THEN(A*2) ELSE(D*3)
OUTPUT 1 (B) = IF(OR(A>=D,A=50)) THEN(A) ELSE(D) - 12.56

Implement a control output equation for C with a high setpoint
above A=50 and a deadband of 2:

C=IF(OR(AND(C=0, A>50), AND(C=1, A>48))) THEN(1) ELSE(0)

or simplified
C=OR(AND(C=0, A>50), AND(C=1, A>48))

or simplified further
C=0OR((A>50), AND(C=1, A>48))

When formulating an equation or response, it is important to
keep the limits of module resolution in mind (see Table 5). In
some cases, it may be necessary to normalize your variables or
output response. Always use the Show Simulator function to test
your equation over the full range of input to ensure a valid output
response. A computation that returns a value beyond the defined
range will be “clipped” to the minimum or maximum scaled values
to ensure a valid response is always returned. Due to memory
constraints of the module, some lengthy equations may be too
complex and an error will be indicated in the Show Simulator
screen.

For additional help with your computation and to view other
examples, use the online HELP function of the Configuration
Software.

4.0 THEORY OF OPERATION

Refer to Simplified Schematic 4501-741 and Functional Block
Diagram 4501-743 to gain a better understanding of the circuit.
Note that this transmitter will pre-filter a signal and convert the
signal to a scaled voltage--either through a voltage divider circuit
(voltage input), or a current sink resistor (current input). An A/D
converter stage then applies appropriate gain to the signal,
performs analog-to-digital conversion, and digitally filters the
signal. The digitized signal is then transmitted serially to the
main microcontroller. The main microcontroller completes the
transfer function for the frequency output(s) and the control
output(s) according to its configuration and programmed
equation. The main microcontroller then serially transmits a
scaled output signal to optically isolated slave controllers, one per
output channel. The slave controller uses its internal
counter/timer to regulate the output frequency or pulse-width
under direction of the main controller. The main controller also
switches the corresponding control outputs on or off according to
the resultant of the control output equation. Embedded
configuration and calibration parameters are stored in non-volatile
memory integrated within the microcontroller. Only the functions
required by an application are actually stored in memory—new
functionality can be downloaded via the IntelliPack Configuration
Program and Serial Port Adapter. A wide input range switching
regulator (isolated flyback mode) provides isolated +5V power to
the circuit, plus an isolated +5V output circuit supply.

5.0 SERVICE AND REPAIR

WARNING: To prevent electric shock, be sure to remove
power and/or disable the load before unplugging terminals to
uninstall the module or before attempting service. All

connections must be made with power removed.

SERVICE AND REPAIR ASSISTANCE

This module contains solid-state components and requires no
maintenance, except for periodic cleaning and transmitter
configuration parameter (zero, full-scale, scaling, etc) verification.
Since Surface Mounted Technology (SMT) boards are generally
difficult to repair, it is highly recommended that a non-functioning
module be returned to Acromag for repair. The board can be
damaged unless special SMT repair and service tools are used.
Further, Acromag has automated test equipment that thoroughly
checks and calibrates the performance of each module. Please
refer to Acromag’s Service Policy Bulletin or contact Acromag for
complete details on how to obtain service parts and repair.

PRELIMINARY SERVICE PROCEDURE

Before beginning repair, be sure that all installation and
configuration procedures have been followed. The unit routinely
performs internal diagnostics following power-up or reset. During
this period, all LED’s will turn ON momentarily, and the green
“Run” LED flashes. If the diagnostics complete successfully, the
“Run” LED will stop flashing after approximately one second and
remain ON. This indicates that the unit is operating normally.



IntelliPack Series 895M/896M Frequency Transmitter User's Manual

DC Voltage/Current Input

If the “Run” LED continues to flash, then this is indicative of a
problem. In this case, use the Acromag IntelliPack Configuration
Software to reconfigure the module or download its firmware and
this will usually cure the problem. If the diagnostics continue to
indicate a problem (a continuously flashing green LED), or if other
evidence points to a problem with the unit, an effective and
convenient fault diagnosis method is to exchange the
questionable module with a known good unit.

The IntelliPack Serial Port Adapter also contains a red LED
visible at the small opening in the enclosure to the right of the
RJ11 receptacle. If this LED is OFF or Flashing and power is
ON, then a communication interface problem exists. Note that
the adapter receives its power from the IntelliPack module. A
constant ON LED indicates a properly working and powered
serial interface adapter.

Acromag’s Application Engineers can provide further

technical assistance if required. When needed, complete repair
services are available from Acromag.

6.0 SPECIFICATIONS

895M-0800-C, One I/V Input, Single Open-Drain & SSR Output
896M-0800-C, Two I/V Inputs, Dual Open-Drain & SSR Outputs

General: The IntelliPack Model 895M-0800 and 896M-0800
are DC-powered computation transmitters which
mathematically combine one or two channels of process
current or voltage, and provide one or two isolated open drain
frequency outputs whose response is the result of a
programmed equation that operates on the input and output
variables. A separate isolated control output is included for
each input and may also have an equation defined for
ON/OFF control of DC loads. Isolation is supplied between
the input, frequency output, control outputs, and power. Input
channels share common and are not isolated from each
other. Frequency outputs also share common and are not
isolated from each other. Control outputs are individually
isolated. This transmitter is DIN-rail mounted.

The unit is configured and calibrated with our user-friendly
Window 95/98® or NT® IntelliPack Configuration Program.
All calibration and configuration information is stored in non-
volatile reprogrammable memory in the module.

MODEL NUMBER DEFINITION

Transmitters are color coded with a white label. The prefix “8”
denotes the IntelliPack Series 800, while the “M” suffix specifies
that this device is primarily a computation (Math) transmitter.

89xM: Provides one or two channels of isolated open-drain
output waveforms with variable duty cycle or frequency in
response to mathematical equations that operate on the
input and output variables. Additionally, it provides one
or two solid-state control output(s) that are switched ON
or OFF via the resultant of a programmed mathematical
equation that operates on the input and output variables.
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-0800: The four digits of this model suffix rep