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PREFACE
How to Use This Manual

The Fluke Helios Plus Data Acquisition and Control
Front End is a member of an exceptional family of Front
Ends and Data Loggers. This Front End offers a full

line of field-proven data acquisition hardware. It is

both easy to configure and to integrate into a
mainframe or personal computer-based measurement

system.

This manual has been designed with a variety of readers
in mind. The job you will be doing with the Front End
will partly determine how you can get the most benefit
from this manual.

Volume 1 contains Sections 1 through 4. Volume 2
contains Sections 5 through 9. An index covering both
volumes is found at the end of each volume.

System Designers

To design and assemble the components of a
measurement/data acquisition system you need in-depth
information about the capabilities, specifications, and
available operations of the proposed equipment. As a
system designer, you are not as interested in
keystroke-level operations as in the operational
characteristics of the unit. If you need this kind of
information, begin in Section 2, Specifications.

Section 2 gives the specifications of the Front End and
all available options. If you need to know more about
how the Front End operates, read the introductory parts
of Section 4, Using the Commands. You might also look
up selected topics of interest in the index.
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Applications Engineers

This manual was written mainly for applications
engineers who will be installing, connecting, and
programming the Helios Plus Front End. The major
sections are tab-divided for quick reference when
you're in a hurry. Also, the sections are divided into
conveniently sized tasks.

When you're just beginning to use this manual, you'll
probably make the best headway by first scanning it to
familiarize yourself with its organization. Then,
depending on your specific task, you might branch to
the section on installation. If someone else has

already installed the system and you need to begin
programming the Front End, then Section 4 will get you
going quickly. After that, you'll probably only need
Section 5 as a reference to the commands.

Technicians

Persons installing, operating, troubleshooting, or
changing the configuration of the measurement system
may need just about any piece of information in this
manual. If you are to be the system technician, you

will probably need to consult the table of contents and
the index to locate what you need. For schematics or
other servicing information, order Fluke Part Number
873794, Helios Plus Front End Service Manual from your
local Fluke Service Center (see Appendix D).

Carefully follow all the installation instructions when
you are first setting up the system. If you feel you
have a service problem, be sure to call your Fluke
service representative for assistance,
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Purchasing Agents

If you make purchasing decisions, you have probably
already seen the specifications for the Helios Plus
Front End. This manual can still help in your task.
Section 2 is entirely devoted to the specifications of
the mainframe and all the available options.

However, specifications alone may not provide enough
information to evaluate the instrument. You may be
interested in some less tangible factors, like

ease-of-use. Reading the introductory parts of Section

3, Installation, can help you get a feel for the task

of setting up the system you have in mind. Similarly,
glancing over Section 4, Using the Commands, should
indicate how communications are established between the
computer and the measurement system.

Incoming Inspectors/QA
If you wish to put Helios Plus through its paces,
Section 2A provides everything you need. Performance

testing procedures for the mainframe and all option
assemblies are included here.
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GETTING STARTED - INTRODUCTION

The Fluke Helios Plus Data Acquisition Front End is a
data acquisition and control subsystem that can be used
Wwith any kind of personal or mainframe computer. The
Front End combines a full range of measurement
capabilities with easy programmability. It includes:

o An RS-232-C and an RS-422 standard serial interface
port for communication with a host computer.

o} A microcomputer with ROM and RAM to provide local
intelligence.
o] Six option slots that accept any of a range of

measurement and control modules, supporting a
variety of both analog and digital inputs and
outputs. Expansion chassis can be added to
accommodate a maximum of 1000 channels in the
system.

The Data Acquisition Front End is a smart intermediary
between a computer and a real world measurement
application. Through a standard computer interface, the
Front End gathers data about physical quantities and
generates control or stimulus signals.

The Front End is a medium speed, highly accurate
measurement and control system. It can be adapted to a
very broad spectrum of applications, with a capacity
ranging from a single channel in a minimal
configuration to 1000 channels in a fully expanded
system.

A microcomputer in the Front End executes commands
received from the host computer, drives the measurement
and control hardware, and sends appropriate responses
back to the host. The command set is a collection of
high level instructions, presented in a readable and
easy-to-grasp format.
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Channel definition commands select ranges and sensor
types. From then on, automatic signal conditioning and
data conversion take place for sensors as common as
thermocouples, RTDs and strain gauges, or as unique as

a user-defined sensor type. Thus, the Front End responds
to a measurement request command by returning a value in
appropriate units of measurement. Conversely, a channel
set command, which assigns a value to a control output,
is translated into an electrical signal.

Each of four different channel groups can be scanned
over time intervals specified directly by Helios Plus.
If the host computer is allocated to a higher priority
task, data buffers can be used for temporary storage of
monitored inputs or outputs.

Helios Plus provides for extensive alarm testing and
communications. Two high alarm limits and two low alarm
limits can be established for each channel. Alarm
outputs can be coupled to a regular status output
channel or to special audible and/or visual alarm
indicators. If the host computer does not communicate
with Helios Plus for a specified period, alarm data can
be logged on a printer connected directly to Helios
Plus. Further, Helios Plus can initiate communication
with the host computer if an alarm condition has
occurred.

Information from monitored channels can also be logged
on a printer (or crt terminal) connected directly to
Helios Plus.

Math functions are available to deal with minimum or
maximum values, to show the average or total of values
measured, or to treat values as inputs to polynomlal or
square root functions.
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Functions

Helios Plus can be fitted with a High Performance A/D
Converter (-161) or a Fast A/D Converter (-165).
Combinations of a/d converters are also allowed. Note
that speed and accuracy specifications may differ for
the same function, depending on the a/d converter in
use. These specification differences are mentioned in
Section 2 of this manual.

Table 1-1 lists the functions supported by each a/d
converter.

Table 1-1. A/D Converter Functions

-161 -165
High Performance A/D Fast A/D
ANALOG INPUTS
DCV Yes Yes
ACV Yes
Temperature
Thermocouples Yes Yes
RTDs
Config. A Yes
Config. B Yes Yes
Config. C Yes
Thermistors Yes
Resistance
Config. A Yes
Config. B Yes Yes
Config. C Yes
DCA Yes Yes
Strain Yes Yes
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The following functions require one or more option
assemblies, but do not require an a/d converter; Helios
Plus can be equipped for these functions irrespective
of the a/d converter configuration.

O 0O0OO0OO0O0O0

Frequency Measurement
Totalizing Measurement
DC Voltage Output

DC Current Output
Digital Inputs

Status Inputs

Digital Outputs

Additional Capabilities (Fast A/D Converter)

The Fast A/D Converter can operate in either Continuous
Scan Mode or Burst Scan Mode. Both modes provide the
additional capability of measuring a signal referenced
to the a/d converter common (single-ended) or to a
signal level on another channel (differential).

In other areas, the two scan modes differ, as follows:

(o)

Continuous Scan Mode

This is the default state for the Fast A/D
Converter. Measurement channel readings are
continuously made available, allowing the host
computer to obtain up to 70 readings per second.

Burst Scan Mode

This mode buffers scanned channel measurement data
at 1000 measurements per second. Burst mode must
be initiated with a specific command and can be
stopped when either a specially-defined trigger
event occurs or a specific stop command is sent.
Special commands allow for set up of Burst Scan
Mode parameters and retrieval of recorded data.
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THE MEASUREMENT SYSTEM

The Helios Plus measurement system has been designed
with a modular architecture that allows great
flexibility in hardware configuration and placement. At
the heart of the system is the Front End mainframe.

The Mainframe

The mainframe is a chassis packaged in a vinyl-clad
housing with carrying handles and feet. The feet can be
removed for mounting the instrument into a standard 19"
instrument rack.

The Front End mainframe is supplied with a computer
interface module that includes a 16-bit microprocessor.
Nonvolatile RAM holds information about channel sensors,
and EPROMs contain a command interpreter and tables for
converting the output of commonly-used sensors into
engineering units.

Six horizontal slots in the rear of the mainframe can
accept any of a complete set of measurement and output
options. An extender chassis is available if more slots
are needed, or if the system architecture requires the
options to be remotely located.

Extender Chassis

The 2281A Extender Chassis is a passive unit that acts
as an extension of the mainframe. Like the mainframe,
this extender also contains six horizontal slots in

the rear panel for accepting options, and it can be
used as a bench instrument or mounted in a standard 19"
instrument rack.

1-6
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The Front End and its associated options all use a
distributed system design that allows great flexibility
in hardware placement. All of the measurement and
output options communicate with the computer interface
module over a high-speed serial communications link.
This design permits any option assembly that can be
installed in the mainframe to be installed in an
Extender Chassis located up to 1,000 meters away. All
measurements are digitized at the remote location and
transmitted back to the Front End over the serial link.
This approach greatly reduces wiring costs and assures
accurate measurements in electrically noisy environments.

Fig 1-1 illustrates the distributed system concept.

Computer
Front End -I 2281A

2281A

LR

High Speea Serial Link

| &=
Up to 15 Extender Chassis for
expansion to 1500 channels of
- (_INPUTS ] input and output with remote
2281A I AD Converters.

Figure 1-1. Distributed System Concept

—
[}
-



1/Getting Started

Option Assemblies

All connections between the Front End and the process
to be monitored or controlled are made through plug-in
option assemblies. The use of option assemblies allows
for a wide range of configurations. The option
assemblies slip into position easily from the Front
End's access panel. Installation and use of each
assembly is documented in Section 3B of this manual.
The options are categorized as follows:

OPTION CARDS

Option cards are circuit cards that can be installed in
either the Front End or the 2281A Extender Chassis.
These are the devices that link the measurement
environment to the Front End. The option cards are
described below and demonstrated in possible
configurations in Table 1-2.

o High Performance A/D Converter (-161)

High Performance A/D converter with 17 bits of
resolution. Up to 10 per system, each measuring up
to 100 channels. Compared with the -165 Fast A/D
Converter, this converter provides higher accuracy
at a slower speed. It is also better for taking
measurements in the presence of high voltage
and/or high noise.

o Thermocouple/DC Volts Scanner (-162)
A 20-channel, 3-pole reed multiplexer for
voltage, current and thermocouple measurements.
Used with a -161 High Performance A/D Converter.
o) RTD/Resistance Scanner (-163)
A 20-channel reed multiplexer with on-board

excitation for resistance and RTD measurements.
Used with a -161 High Performance A/D Converter.
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Transducer Excitation Module (-164)

Isolated transducer excitation module with current
and voltage sources for strain and resistance
measurements. Used in conjunction with either a
3-pole scanner card or the -165 Fast A/D
Converter.

Fast A/D Converter (-165)

High speed a/d converter, with continuous and
burst scanning modes. Up to 20 per system, each
measuring up to 20 differential channels, 40
single-ended channels, or a mixture of
differential and single-ended channels. When
compared with the -161 High Performance A/D
Converter, this converter provides somewhat lower
accuracy at a much higher speed.

Counter/Totalizer (-167)

A 6-channel, isolated event counting and frequency
measurement card.

Digital I/0 Assembly (-168)

A 20-bit, isolated digital I/0 card for parallel
or single-bit I/0.

Analog Output (-170)

A 4-channel, isolated current/voltage analog
output card (D/A converter).
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Table 1-2. Option Configurations

FUNCTIONS HARDWARE REQUIRED
-161 A/D -165 A/D Non A/D
DC Volts -162/-175 /=175
-162/-176 /=176
-162/-160
Thermocouple -162/-175 /=175
RTD -162/-175 /=175
/=176 /=176
-164/-174 -164/-174
Thermistor -163/-177
DC Current -162/-171 /-175
/=176
Strain -162/-175 /=175
/=176 /=176
-164/-1T4  -16L4/-17h
AC Volts -162/-160
Frequency -167
Totalizing -167
Analog Output -170
Binary/BCD Inputs -168/-169
Status Input -168/-169
Status Output -168/-179

("/-" before number shows options attaching directly)

1-10
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) CONNECTOR OPTIONS
Connector options are modules that plug onto another
option card. They allow for wiring connections and
routing to the measurement environment. The available
option connectors are listed below and demonstrated in
possible configurations in Table 1-2.
o AC Voltage Input Connector (-160)
o Digital/Status Input Connector (-168)
o Status Output Connector (-169)
o Current Input Connector (-171)
o Transducer Excitation Connector (-174)
o Isothermal Input Connector (-175)
o Voltage Input Connector (-176)

\

/' Accessories
Several option assemblies apply specifically to use of
the 2281A Extender Chassis with the Front End. Installation
instructions for these options are provided in Section
3 of this manual. Complete documentation can be found in
the 2281A Instruction Manual.
o Extender Cable (2281A-402)

When used with the 2281A-403 cable connector, this

assembly provides the serial link interface
between two Extender Chassis.

1-1
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Extender Cable Connector (2281A4-403)

This is a set of male/female 15-pin, D-type
connectors. A housing provides strain relief for
cable connections and stand-off bolts for securing
the cable connector to the mainframe connector.

Power Supply (2281A4-431)

This assembly provides a regulated 20V dc source
for option devices when the extender chassis
placement (distance) and configuration (number of
devices) exceed the power capabilities of the
Front End.

The following accessories are available to aid in
installing either the Front End or the 2281A Extender

Chassis:

(o)

Y1702, Y1703, Y1705 Null Modem Cables

For connecting the Front End to the host computer,
these cables are 2 meters, U4 meters, and 25
centimeters long respectively. Both ends have DB
25S (Socket) connectors.

Y1707, Y1708 RS-232 Interface Cables

These RS-232 cables are 2 meters and 10 meters in
length respectively. One end has a DB 25S (Socket)
and the other other a DB 25S (Plug) connector.

Y2044 Rack Slide Kit

This accessory facilitates servicing the Front End
(or 2281A) while it is installed in a standard
19-inch electronic equipment rack. The unit is
secured in the equipment rack, yet may be pulled
out along the slide for servicing and
reconfiguring of serial link devices.
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o Y2045 Rack Mount Kit

This kit facilitates placing a Front End or 2281A
into a standard 19-inch electronic equipment rack.

o Y2047 Serial Link Multiconnect

This accessory is used in 2281A placements to
support star configurations.

GETTING STARTED - SETUP

The remainder of this section describes the steps to
follow in setting up the Data Acquisition Front End
when it is being installed for the first time.

Unpacking

To unpack the Front End, first examine the shipping
container for any obvious damage. If no damage is
apparent, open the container and remove enough packing
material to expose the instrument and remove it.

Verify that each pca (printed circuit assembly) is
firmly seated in the chassis. If shipping and handling
have loosened any pca, fully insert these pea's before
proceeding. Refer to Section 3 or to the appropriate
section of the Front End Service Manual for detailed
installation instructions if required.

CAUTION

Do not energize the Front End until directed
to do so later in this section. Any pca
loosened in shipment must be fully inserted
at this time. If additional pca's are to be
installed, refer to the instructions
presented in Section 3B of this manual.
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Along with the Front End, the shipping container holds
an accessory box. Check that this box contains the line
power cord and any accessories (such as cables) that
were ordered.

Connecting to Your Computer or Terminal

A set of switches on the Computer Interface Module
configure the Front End for host computer
communications characteristics and for the incoming
line power setting. Access to these switches requires
removal of the Computer Interface Module from the Front
End chassis.

CAUTION

Incorrect voltage selection may damage the
Computer Interface Module and void your
warranty. If the voltage is not set for the
correct incoming power, the unit will fail
to operate and may be severely damaged.

It may be possible to configure your host computer to
match the factory settings of the Front End switches,
and eliminate the need to remove the Computer Interface
Module at this time. The factory settings of these
switches correspond to these characteristics:

LINE VOLTAGE 90-132 or 180-264V ac
LINE FREQUENCY 50 or 60 Hz
COMMUNICATIONS TYPE RS-232-C
TRANSMISSION MODE Full Duplex

BAUD RATE 9600

PARITY NONE

NUMBER OF DATA BITS 8

NUMBER OF STOP BITS 1

XON/XOFF Enabled

~
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Non-Volatile Memory Battery Charging

The Computer Interface Assembly uses rechargeable
batteries to maintain its non-volatile memory.

NOTE

Programs saved on a newly-received Helios
Plus may not be maintained in non-volatile
memory. Any Helios Plus shipped with the
Computer Interface Assembly already
installed comes with the batteries
connected. If such a Helios Plus has not
been powered up for some time, these
batteries may be at a charge state
insufficient to maintain memory. Therefore,
it is important to leave a newly-received
Helios Plus powered up for 24 hours to allow
for adequate charging.

If the Computer Interface Assembly is shipped
separately, as with a module exchange, the batteries
are disconnected and must be connected as shown in
Figure 1-2. In this case, since there has been no drain
on the batteries during transit and storage times, the
charge should be sufficient to maintain non-volatile
memory.
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0 - [ﬂi

DISCONNECTED ~ CONNECTED
BATTERIES

JUMPER W9

Figure 1-2. Battery Power Jumper

Cabling to the Host Computer

A cable must connect the controlling computer (or
terminal) and the Front End to permit communication
between the two instruments. The Front End supports two
different communications standards: RS-232-C DTE (Data
Terminal Equipment), and RS-422. The RS-232-C standard
is the more popular of the two, and is supported to
some degree by nearly all computer equipment.

Different computers and terminals support RS-232-C
communications in different ways. See Appendix 9a for
details on how to connect some common computers, or
consult your particular computer documentation to
determine cabling requirements.

If you are using RS-422 communications, or RS-232 with
modems, refer to Section 3A.

1-16
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COMMUNICATIONS FORMAT

Once your computer is cabled properly to the Front End,
data is transferred one bit at a time over the Transmit
Data and Receive Data lines. The character format and
speed (baud rate) of the data transfer can vary greatly
among systems. See Appendix 9b for a detailed
description of serial data conventions. All computer
equipment that supports RS-232 communications provides
some means to select these parameters.

Though many different character formats and speeds can
be successfully used, it is very important that the
computer or terminal and the Front End are set to
exactly the same character format and baud rate. If
they are not, communications between the units will not
succeed. Fluke recommends that the Front End factory
default settings described earlier in this section be
used to check out thé operation of the system. Consult
Appendix 9a or your computer documentation to set your
computer to this default configuration. If for some
reason your terminal or computer cannot accommodate this
configuration, refer to section 3 to reconfigure the
Front End to match your computer's capability.

Communicating with the Front End

The Front End does nothing until it is asked by the
host computer. For this reason, it is sometimes called
a "command/response" instrument. Once a request for
information has been made, the Front End performs all
the measurement and output functions necessary,
converts inputs to engineering units (such as degrees
or PSI), sends the results to the host computer, and
then returns to the idle state.

Now that the Front End is properly configured and
connected to your computer or terminal, you are ready
to request and retrieve information from the
instrument.
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The Front End has been designed with a multitude of
users and applications in mind, so the instrument
supports two different modes of communication: Terminal
Mode and Computer Mode.

Terminal Mode

In Terminal Mode, the Front end assumes that it is
connected directly to a terminal and that a keyboard is
communicating directly to it. To make communications
easier in this situation, the Front End displays a
prompt HCLI> on the terminal to indicate it is ready

to accept a command.

As commands are received, all characters are echoed
back to the the terminal so you can see what you are
typing. In addition, some line editing is provided by
the key which sends the ASCII <DEL> character. If a
mistake is caught before <RETURN> is pressed, this key
removes the last character typed.

When <RETURN> is pressed, the Front End executes the
requested command. If there are any errors in the
command an error message in plain English appears on
the terminal display.

Terminal Mode is useful for system checkout and program
development.

Computer Mode

In this mode, the Front End assumes that commands are
issued from a computer program. In Computer Mode, the
Front End sends a single-character prompt (!) followed
by <CR><LF>. The Front End does not echo commands to
the computer, and returns error information as a series
of numbers because a program can decode number strings
more easily than English.



1/Getting Started

) Turning On the Front End

1.

When the communications parameters have been set
and the host computer has been connected to the
Front End, apply power to the host computer or
terminal. If you are using a computer, load system
software.

Power up the Front End. Wait ten seconds for the
Front End to complete its initialization routines.

Press the <RETURN> key (marked on the IBM
PC), or whatever key is used to generate the ASCII
sequence <CR>. The Front End responds by sending
the prompt associated with the mode it is
operating in (! for Computer Mode, HCLI> for
Terminal Mode).

The appearance of either prompt indicates that the
Front End is communicating bi-directionally with
the host computer or terminal. Other responses may
indicate a problem, either with the host, the
Front End, or with the communications link.
Recheck your work before continuing. If failure
continues and your work seems to be in order, see
Section 7, Maintenance.

NOTE

Remember that a Helios Plus shipped with the
Computer Interface Module installed may not
have a sufficient battery charge to maintain
non-volatile memory for programs you create.
If in doubt, leave the Helios Plus powered up
for 24 hours to ensure an adequate charge.
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WHERE TO GO FROM HERE

This section has presented a general procedure for
setting up the Data Acquisition Front End and a
computer or terminal as its host. More specific
information on setting up the mainframe, options, and
the Extender Chassis can be found in Section 3.
Appendix 9a offers guidelines for setting up many
popular computers, and includes a short installation
verification program.

1-20
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MAINFRAME SPECIFICATIONS

Channel Capacity
Mainframe .........ccc0u... 120 Differential, or
240 Single-Ended (-165), or
120 Digital
System ....iiiiiiiiiiiii, 1000 maximum

Memory .......iiiiiiiiiiiiiiiin, Nonvolatile, with 15 day
typical, 10 day minimum
battery backup

Scanning Speed (analog inputs)
Dependent on system configuration and programming

Maximum System Scanning Speed in Channels per Second

-161 High Performance A/D Converter

-161 Converters Direct Voltage
in System Readings
1 16
2 30
3 42
y 50

2-3
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-165 Fast A/D Converter

-165 Converters Direct Voltage Readings
in System Continuous Burst
1 70 1000
2 70 2000
3 70 3000
4 70 4000
Power
BC ittt i 90-132V, 180-264V, 47-U40 Hz
Dissipation ................ <HOowW
Temperature
Operating «.....eeeeeeinenns 0 to 65°C
SEOrage vvvvevneernneennnnns -40 to 70°C
Humidity (non-condensing)
0£025%C tiuuiiiiiininnnnn. <95%
25 to 40°C ...l <75%
4O t0 50°C t.iiiiiiiinnnn. <45%
Weight ....viiieeiniiiiinnnenn., 8.5 kg (19 1bs)

Without options

Dimensions ........ciciiiiiin... Height Width Depth
23.8 cm x 43.9 em x 35.9 cm
9.35" x 17.30" x 14.13"

Altitude
Operating ......ccevvvinnnens 3050m (10,000 feet)
Non-operating .............. 12,200m (40,000 feet)
Shock and Vibration ............ Meets MIL-T-28800C Class 5,

Style F Standard
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Interface Specifications

TYPE tie ettt i i e Asynchronous, either
RS-232-C or RS-422
Connector .........civiiiinennnn 25-pin male; pinout depends on

S1 setting: RS-232 or RS-422

25-Pin Host Connector Pinout (S1 in RS-232-C Position)

PIN NUMBER SIGNAL

1 Shield

(2) tiiiii it e iiieaaen Transmitted Data

(3) ettt ittt ie e Received Data

(B) e iie e Request to Send

(€ Clear to Send

(€00 PN Data Set Ready

(7)) et ittt iieans Signal Ground

(B) tieiiiii it it ii e Received Line Signal
Detector

(12) veii ittt e e Secondary Received Line
Signal Detector

(20) tiiiii it et Data Terminal Ready

(22) veiiiiii i iiiiiiieaaann Ring Indicator

Required RS-232-C
Signals

RS-232 Modem Control

..........

2-5

Transmit Data, Receive

Data, Signal Ground. All
other lines are passively
asserted true. Instrument
Wwill operate if these other
lines are left disconnected.

Full duplex
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25-Pin Connector Pinout (S1 in RS-422 Position)

PIN NUMBER SIGNAL
[ ) T Shield
G/ T Common
(9) vttt tnnannn Transmit +
(10) e it it etieeeenenennns Transmit -
(G 2 T Receive +
(15) ittt ittt Receive -

NOTE

RS-232-C signals are present on their
associated pins even when S1 is set for
RS-422 operation, but they are not used when
configured for RS-422.
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.... Switch-selectable: 110,

300, 600, 1200, 2400,
4800, 9600, 19200

.... 7Tor 8 bit, 1 or 2 stop

bits. Switch-selectable

Parity ...cceviiiiiniiiiinnnnns 0dd, even, or none. Switch-

selectable

.... Available via RS-422. Ten

mainframes can be addressed
by a host through a single
RS-422 port. Address is
switch-selectable.

Alarm Annunciator Terminal Strip

TERMINAL NUMBER

-----------------

.................

-----------------

-----------------

FUNCTION

Connect to normal closed
contact of the alarm
acknowledgement push button.
Connect to normally open
contact of the alarm
acknowledgement push button.
Connect to common contact of
the alarm acknowledgement push
button.

no connection

Normally open contacts for
visual alarm light (max 120V
ac, 0.6A; 30V dc, 1.0A)
Normally open contacts for
audible alarm. (max 120V ac,
0.6A; 30V de, 1.0A)

2-7
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Printer Port Connector - 25 pin

PIN NUMBER SIGNAL
) Shield
2 i iieeeeaan Transmitted Data
K S Received Data
oo Request to Send
> T, Clear to Send
6 i Data Set Ready
T o, Signal Ground
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-160 AC Voltage Input Connector Specifications

Channels ......ccieiiinnenecennnnn
Terminals ......ccceiiinennncenenns
AC Voltage
Range ........ciiiiiiiiine,
Resolution .........ccveeuunn..

Frequency Range ..............
AcCUracy ...eeeeieeienecnnnnes

Conversion Method ............

DC Voltage
Ranges and Accuracy ..........
Maximum Input ................

Maximum Common Mode Voltage ......

10 AC, 10 DC
40 (2 per channel)

5V to 250V rms

0.1V ac

250V rms between two
terminals

45 Hz to 450 Hz

See System Accuracy
Specifications

1/2 wave, average
responding, calibrated to
indicate the rms value of
a sine wave.

Determined by option -162.
250V dc between any two
terminals

250V dc or 250V ac rms
between terminals or
between a terminal and
ground.

Compatibility .......cocivvieinnnn Attaches to -162
Thermocouple/DC Volts
Scanner, which is used
with -161 High
Performance A/D
Converter.
Temperature
Operating ......eeeeeeeeennnn. -20 to 70°C
Storage .....iiiieiiiiiiiieen. -55 to T75°C
Relative Humidity (without condensation)
Below 25°C ..ovvvvneennnennnn. <= 95%
25 to U0°C .....iiiiiiiiinn... <= T5%
O t0 50°C ..iiiiiiiiiiintnn <= 459
50 £t0 70%C ...ieiiiiiiiiiiaen. <= 40%
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-160 AC Voltage Input Connector

Altitude
Non-Operating ................ 40,000 feet
Operating ........ccivvvivennn. 10,000 feet

Shock and Vibration .............. Meets MIL-T-28800C,

Class 5 Standards
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-161 High Performance A/D Converter Specifications

Dynamic Range (internal)

Common Mode Rejection
(with 100 ohm imbalance)

Normal Mode Rejection

----------

Isolation

......................

Measurement Method

Zero Stability
Ranges, Resolution, Accuracy ...

+131,071 counts at 50 Hz

+109,226 counts at 60 Hz

170 dB at 50 Hz +0.1%

170 dB at 60 Hz +0.1%

160 dB at dec

60 dB at 50 Hz +0.1%

or 60 Hz +0.1%

250V dec or ac rms between

-161 and any other

module.

Dual slope, integrating

over 1 line cycle

Automatic zero

Determined by Scanner (see

-162 and -163 and application.

See Accuracy sections:
Temperature Measurement

Using Thermocouples
Temperature Measurement
Using RTDs

DC Voltage Measurement
AC Voltage Measurement
DC Current Measurement
Resistance Measurement
Strain Measurement

Temperature

Operating .......ceeeveeeenn. -20 to 70°C

Storage ....iiiiiiiiiiiieee. -55 to 75°C
Relative Humidity (without condensation)

Below 25°C ....ivinevnnnnnn. <= 95%

25 to 40°C ......iiiiinnnn.. <= 15%

4O £t0 50°C ..eiiiiiiaannn. <= 45%

50 to 70°C ...o.ivninnnnnn.. <= 40%
Altitude

Non-Operating .............. 40,000 feet

Operating ........cciveennnn 10,000 feet
Shock and Vibration ............ Meets MIL-T-28800C,

Class 5 Standards



-162 Thermocouple/DC Volts Scanner Specifications

Channels .......cciieviiinnnnnnn 20

Poles per Channel .............. 3 (HI, LO, SHIELD)

Input Impedance
64 mV and 512 mV Ranges .... >200 megohm in parallel with

6800 pF

8V and 64V Ranges .......... 10 megohm

Voltage Offset (max) ........... 1 uv

Ranges and Displayed Resolution 60 Hertz 50 Hertz
64 mV Range ...........cnu.n 0.6 uv 0.5 uv
512 mV Range ............... 5.0 uvV 4.2 uv
BV Range ......eeveeennnanes 73 uv 61 uv
BUV Range .....c.eveevuennnnn 0.6 mV 0.5 mV

BACCUracy ...oeeeereereceennnnnenn Determined by application.

See Accuracy sections:
Temperature Measurement
Using Thermocouples
Using RTDs
DC Voltage Measurement
AC Voltage Measurement
DC Current Measurement
Resistance Measurement
Strain Measurement
Zero Stability ........... 00t Automatic Zero
Input Isolation ................ 250V dec or ac rms between
any two channels or any
channel and ground
Overload without Damage ........ 250V dc or 250V ac rms
Common Mode Voltage (max) ...... 250V dec or ac rms between
any 2 terminals or a
terminal and ground

Common Mode Rejection .......... 170 dB at 50 Hz +0.1%
(with 100 ohm imbalance) 170 dB at 60 Hz +0.1%
160 dB at dec
Normal Mode Rejection .......... 60 dB at 50 Hz +0.1%

or 60 Hz +0.1%
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-162 Thermocouple/DC Volts Scanner

Compatibility ..........ccovvunnn Used with -162
Thermocouple/DC Volts
Scanner or -164 Transducer
Excitation Module
(Configuration B).

Temperature

Operating ..........ceeeeen.. -20 to 70°C

Storage ........ciiiinienann -55 to 75°C
Relative Humidity (without condensation)

Below 25°C ...vviiiinnennnnn <= 95%

25 to 40°C ....iiiiiininn.n. <= T5%

40 £t0 50°C iiiiiiiiiiiinn, <= 45%

50 £t0 T0°C viviininniennn. <= 40%
Altitude

Non-Operating .......ccceuus 40,000 feet

Operating .......cvvveevnnn. 10,000 feet
Shock and Vibration ............ Meets MIL-T-28800C,

Class 5 Standards
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-162 Thermocouple/DC Volts Scanner

Open Thermocouple Detection

Open Input ..............cciae Resistance greater than
10,000 ohms and shunt
capacitance less than 0.1
uF.

9.99999E37 (overload) is
returned. If SEND ERROR is
sent, error 16 (OPEN TC)
is returned.

Normal Input ................... Resistance less than 1000
ohms, or shunt capacitance
greater than 0.1 uF.

NOTE

For resistances between 1000 and 10,000
ohms, open thermocouple detection is
indeterminate. Usually, a thermocouple with
resistance in this range soon becomes an
open input. During scanning, testing occurs
with each thermocouple reading.
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-163 RTD/Resistance Scanner Specifications

Channels ........ciiiiienenenanas 20

Poles per Channel .............. 4 (HI EXCITATION, HI, LO,
LO EXCITATION)

Common Return Poles ............ 2 (LO COM for channels
0-9, LO COM for channels
10-19)

Measurement Modes (3) .......... 4_-Wire (4W) (no reed
resistances in measurement
path).

3-Wire Accurate (3WA) (no
reed resistances in
measurement path. Channels
in a decade share a common
return).

3-Wire Isolated (3WCM) (one
reed resistance in
measurement path).

Measurement Mode Selection ..... 2 jumpers select scanner
measurement mode
Current Sources .........ceeece.. 2 (1 mA, 32 uh)
Resistance Ranges, Resolution, and Excitation
RANEE ...viivinnrnnnncnnnnns 256 ohm
Internal Resolution .... 2.4, 2.0 milliohm (60, 50 Hz.)
Excitation ............. 1 mA
RANEEe ..vvvinneennneeaannans 2048 ohm
Internal Resolution .... 19, 16 milliohm (60, 50 Hz.)
Execitation ............. 1 mA
Range .....ciiiiinnencennnas 64 kilohm
Internal Resolution .... 0.6, 0.5 ohm (60, 50 Hz.)
Excitation ............. 32 uA
BACCUraCY .vieveeernesenecnannnns Determined by application.

See Accuracy sections:
Temperature Measurement
Using RIDs
Resistance Measurement
Zero Stability ................. Automatic zero
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-163 RTD/Resistance Scanner

Input Channel Isolation
L-Wire (4W)

................

3-Wire Accurate (3WA)

3-Wire Isolated (3WCM)

Overload without Damage

........

Common Mode Isolation

or ac rms between
channels

or ac rms between
of channels

250V dc or ac rms between
any two channels

30V de or 24V ac rms
between any two terminals
of a channel

250V dc or ac rms between
scanners,

250V dc or ac rms between
decades of channels,

250V dc or ac rms between
channels within a decade
for 4-Wire (UW) and 3-Wire
isolated (3WCM) measurement
modes,

30V dec or 24V ac rms
between any terminals in
the same decade except
between LO COM's for the
3-Wire Accurate (3WA)
measurement mode

250V dc
any two
250V dc
decades

Temperature

Operating ....eeeeeeennnen.. -20 to 70°C

SEOrage «.vvvveiiinnnnnnnnn. -55 to 75°C
Relative Humidity (without condensation)

Below 25%C ...eviinnnnnnnnn <= 95%

25 to U0°C ......iiiiiil.n. <= T5%

40 to 50°C ....iiiiiiiinnnn <= U459

50 to 70°C ...iiiiiiiiiinnn, <= 40%
Altitude

Non-Operating .............. 40,000 feet

Operating .................. 10,000 feet
Shock and Vibration ............ Meets MIL-T-28800C,
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-164 Transducer Excitation Module Specifications

Outputs ....iiiiiiiieiieieneeenns 5 constant current sources
1 constant voltage source
Channels of Excitation .......... 20, selectable in groups

of 4 for either voltage or
current outputs

Common Mode Voltage ............. No user-applied common
mode voltage allowed. All
sensors must be isolated.

4-Wire Resistance Measurements .. 5 constant current
sources. Each source
excites up to 4 transducers.

3-Wire Resistance and

Strain Gage Measurements ........ Any combination of 1/4,
1/2, and/or Full Bridge
strain gages or 3-wire
RTDs with voltage
excitation and
user-supplied bridge
completion resistors.

Current Excitation

Excitation Current .......... 1.0 mA
Accuracy
Initial Setting ........... 0.005%

Temperature 15 to 35°C .... 0.015%
Time since calibration .. 90 days
Temperature 15 to 35°C .... 0.030%

Time since calibration .. 1 year
Temperature -20 to 70°C ... 0.050%
Time since calibration .. 1 year
Temperature Coefficient
(<15 or »35°C) .......... 10 ppm per °C

Maximum Compliance Voltage .. 0.6V



-16l4 Transducer Excitation Module

Voltage Excitation
Excitation Voltage

2 Volt Accuracy

Initial Setting ........... 0.0025%
Temperature 15 to 35°C .... 0.03%
Time since calibration .. 90 days
Temperature 15 to 35°C .... 0.04%
Time since calibration .. 1 year
Temperature -20 to 70°C ... 0.05%
Time since calibration .. 1 year
4 Volt Accuracy
Initial Setting ........... 0.0035%
Temperature 15 to 35°C .... 0.015%
Time since calibration .. 90 days
Temperature 15 to 35°C .... 0.030%
Time since calibration .. 1 year
Temperature -20 to 70°C ... 0.05%
Time since calibration .. 1 year
Temperature Coefficient
(<15 or >35°C) .......... 7 ppm per °C
Maximum Current ............. 250 mA
ACCUracy .....cceeeeeeecrncccnanns Determined by application.
See the Accuracy
Specifications section.
Temperature
Operating .......ceeevunnnnnn -20 to 70°C
Storage .....iiiiiiiiiiiiieen -55 to 75°C
Relative Humidity (without condensation)
Below 25°C ..iuvivinnnnnnnnn. <= 95%
25 to U0°C ... ..iiiiiiaa.... <= T5%
4O £0 50°C ...ttt <= U459
50 t0 T0%C vuviiiininnnnnnnn. <= 40%
Altitude
Non-Operating ............... 40,000 feet
Operating ..........ccc0venn. 10,000 feet

Shock and Vibration
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-165 Fast A/D Converter Specifications

Operating temperature range

Storage temperature range ...

Humidity specifications......

Channels .....coeeeeeneeenens

Input Impedance
Power ON ...............

Power OFF ..............

0 to +65°C
-20 to +70°C

-55 to +75°C

< 90% up to 30°C
< 75% up to 40°C
< 45% up to 50°C
< 40% up to 70°C

20 differential, or

40 single-ended, or
mixture of differential
and single-ended

100 Megohm in parallel
with 0.001 uF for
voltages between -12V and
+12V.

1 kilohm for voltages
> +12V or < -12V.

1 kilohm

Ranges and Displayed Resolution

RANGE
64 mV
512 mV
8V

10.5V

Accuracy

RESOLUTION
2 uV
16 uv

250 uV

350 uv

 Determined by application. See Accuracy section.



-165 Fast A/D Converter

Maximum Voltages

INPUT COMMON to EARTH GROUND (chassis ground)

170V peak
INPUT COMMON to EXTERNAL TRIGGER COMMON 170V peak
EARTH GROUND to TRIGGER COMMON 50V peak

Overload Protection (Analog Inputs)

1.

Normal reading range includes +/- 10.5V around
COMMON (shield terminals of connector). (The
sum of normal mode voltage and common mode
voltage ranging from -10.5V to +10.5V.)

An overload of up to 50V rms on a single
channel has no effect on other channels and
causes no damage.

. Overloads between 50 and 240V rms on a single

channel may blow out the fusible protection
resistor on the affected channel but will not
damage other channels.

. Overvoltage inputs are normally internally

clamped to approximately +/- 12.5 volts through
a 1000-ohm input protection resistor. If
several inputs exceed this value, and the
resulting current into the protection circuitry
exceeds approximately 120 milliamperes, the
input <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>