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PREFACE
How to Use This Manual

The Fluke Helios I Computer Front End is a member of an
exceptional family of Computer 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 Computer
Front End will partly determine how you can get the
most benefit from this manual.

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 Computer
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 I Computer 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
834382, Helios I Computer 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 I
Computer 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.
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GETTING STARTED - INTRODUCTION

The Fluke Helios I Computer Front End is a data
acquisition and control subsystem that can be used with
any kind of personal or mainframe computer. The Front
End combines a full range of measurement capabilities
Wwith 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 more up to a maximum of 1500 in the
system. A maximum of 1000 channels can be
accommodated if the Scan/Alarm option is in use.

The Computer 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 1500 (or 1000 with the Scan/Alarm
option) 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.
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THE MEASUREMENT SYSTEM

The Helios 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 Computer Front End mainframe.

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.
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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.

Rl

<‘IE:EHI
High Speed Serial Link 22

2281A l I
Up to 15 Extender Chassis for
expansion to 1500 channels of
- input and output with remote
2281A I A/D Converters

~ Figure 1-1. Distributed System Concept
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Option Assemblies

All connections between the Computer 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 Computer Front End or the 2281A Extender
Chassis. These are the devices that link the
measurement environment to the Front End. These options
inelude:

o) High Performance A/D Converter (-161)
High Performance A/D converter with 17 bits of
resolution. Up to 15 per system (or 10 with a
Scan/Alarm option), each measuring up to 100
channels.

o} Thermocouple/DC Volts Scanner (-162)

A 20-channel, 3-pole reed multiplexer for
voltage, current and thermocouple measurements.

o RTD/Resistance Scanner (-163)

20-channel reed multiplexer with on-board
excitation for resistance and RTD measurements.

o Transducer Excitation Module (-164)
Isolated transducer excitation module with current
and voltage sources for strain and resistance

measurements. Used in conjunction with 3-pole
scanner card.
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Counter/Totalizer (-167)

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

Digital I/0 Assembly (-168)

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

Analog Output (-170)

4-channel, isolated current/voltage analog output
card (D/A converter).

CONNECTOR OPTIONS

Connector options are modules that plug on to the
option card. They allow for wiring connections and
routing to the measurement environment. The available
option connectors are:

o

(o)

AC Voltage Input Connector (-160)
Digital/Status Input Connector (168)
Status Output Connector (-169)

Current Input Connector (-171)
Transducer Excitation Connector (-174)
Isothermal Input Connector (-175)

Voltage Input Connector (-176)
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SCAN/ALARM (OPTION -201)

The Scan/Alarm option provides the following features:

0]

0

Automatic Scanning of Input Channels
Limit Checking

Data Buffering

Polynomial Linearizations

Local Printout

Alarm Outputs

Alarm Annunciation

Communication Monitoring

Host Interrupt on Alarm

Printer Port Formatting

Time Averaging
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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.

o) Extender Cable Connector (2281A-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.

o Power Supply (2281A-431)

This assembly provides a regulated 20V dec 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 Computer Front End or the 22814
Extender Chassis:

o Y1702, Y1703, Y1705 Null Modem Cables

For connecting the Front End to the host computer,
these cables are 2 meters, 4 meters, and 25
centimeters long respectively. Both ends have DB
25S (Socket) connectors.
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o 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.

0 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.

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 Computer Front End when it is
being installed for the first time.

Unpacking

To unpack the Computer 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.
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Verify that each pwb (printed wiring board) is firmly
seated in the chassis. If shipping and handling have
loosened any pwb, fully insert these pwb'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 pwb
loosened in shipment must be fully inserted
at this time. If additional pwb's are to be
installed, refer to the instructions
presented in Section 3B of this manual.

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 Computer Front End for host computer
communications characteristies 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.

-1
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It may be possible to configure your host computer to
match the factory settings of the Computer 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 180-264 VAC (as appropriat
LINE FREQUENCY 50 or 60 Hz (as appropriate)
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

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 I
may not be maintained in non-volatile
memory. Any Helios I shipped with the
Computer Interface Assembly already
installed comes with the batteries
connected. If such a Helios I 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 I powered
up for 24 hours to allow for adequate
charging.
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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 .

BATTERIES BATTERIES
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 Computer 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.
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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.

COMMUNICATIONS FORMAT

Once your computer is cabled properly to the Computer
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.

1-14



1/Getting Started

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 the 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 Computer 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 Computer Front End is properly configured
and connected to your computer or terminal, you are
ready to request and retrieve information from the
instrument.

The Computer 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.
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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.

1-16
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Turning On the Computer 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 Computer 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 I 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 I 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 Computer 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.
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MAINFRAME SPECIFICATIONS

Channel Capacity
Mainframe .................. 100 Analog or 120 Digital
System ......... ... 1500 maximum
1000 maximum
(Scan/Alarm Option)

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

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

Mazximum System Scanning Speed in Channels per Second

A/D Converters Direct Voltage
in System Readings
1 16
2 30
3 42
y 50

2-3
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Power
AC

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

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

Temperature
Operating
Storage

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

oooooooooooooooooooo

Humidity (non-condensing)
0 to 25°C
25 to 40°C
40 to 50°C

------------------
.................

ooooooooooooooooo

Altitude
Operating ..................
Non-operating

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

Shock and Vibration

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

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

90-132V, 180-264V, UT7-U4O Hz
<Uow

0 to 50°C
-40 to 70°C

8.5 kg (19 1lbs)
Without options

Height Width Depth
23.8 cm x 43.9 em x 35.9 cm
9.35" x 17.30" X 14.13"

3050m (10,000 feet)
12,200m (40,000 feet)

Meets MIL-T-28800C Class 5,
Style F Standard

Tested to FCC part 15,
Subpart J, Class A; VDE
0871, Class B.

Asynchronous, either
RS-232-C or RS-422

25-pin male; pinout depends on
S1 setting: RS-232 or RS-422
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25-Pin Host Connector Pinout (S1 in RS-232-C Position)

PIN NUMBER SIGNAL

(1) e Shield

(2) i e i e Transmitted Data

(3) it i e e Received Data

(4) et e Request to Send

(B) et i i i Clear to Send

(B) ceeeei it ee i Data Set Ready

[ Signal Ground

(B) tiiiiii i iiiieiaenenas Received Line Signal
Detector

(12) i ittt iiaanns Secondary Received Line
Signal Detector

(20) wiiiei it eiaan Data Terminal Ready

(22) iiiiiiii ettt it Ring Indicator

Required RS-232-C

Signals ...ciiiiiiiiecienennnns Transmit Data, Receive
Data, Signal Ground. All
other lines are passively
asserted true. Instrument
will operate if these other
lines are left disconnected.

RS-232 Modem Control .......... Full duplex
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25-Pin Connector Pinout (S1 in RS-422 Position)

PIN NUMBER SIGNAL
(G 1) T Shield
(7)) eeee et et i e ieaan Common
(9) tieii it e Transmit +
(10 T Transmit -
(G 1 T Receive +
(15) tieiii ittt it ieeeeann 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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Baud Rate .......... ..., Switch-selectable: 110,
300, 600, 1200, 2400,
4800, 9600, 19200

ASCII format .................. 7 or 8 bit, 1 or 2 stop
bits. Switch-selectable

Parity ..oeeeieeeiiiiiiiana. 0dd, even, or none. Switch-
selectable

Multi-drop capability ......... Available via RS-422. Ten

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

2-7






OPTION SPECIFICATIONS

-160 AC Voltage Input Connector Specifications

Channels .....cceivieeenencaennnnn 10 AC, 10 DC
Terminals .......oiiiieeennnnnnnn. 40 (2 per channel)
AC Voltage
Range ......cciiiiiiiiiiiiian. 5V to 250V rms
Resolution ..........cccivienn 0.1V ac
Maximum Input ................ 250V rms between two
terminals
Frequency Range .............. 45 Hz to U450 Hz
ACCUracy ...eeeeenneenennnnnnn See System Accuracy
Specifications
Conversion Method ............ 1/2 wave, average
responding, calibrated to
indicate the rms value of
a sine wave.
DC Voltage
Ranges and Accuracy .......... Determined by the
option -162.
Maximum Input ................ 250V dc between any two
terminals
Maximum Common Mode Voltage ...... 250V dc between terminals
or between a terminal
and ground.
Compatibility .......cceeeveunnne. Attaches to the
Thermocouple/DC Volts
Scanner (option -162).
Temperature
Operating .....ceeeeeceneennn. -20 to T70°C
SEOPAZE vevvevrnneeeennnnnnnns -55 to 75°C
Relative Humidity (without condensation)
Below 259C ...iueeinnnnnnnnnn <= 95%
25 to U40°C ... ...iiiiiiiiinnn. <= T5%
BO £to 50°C ..i.iiiiiiiiieennn. <= U45%
50 £0 T0%C .iiiiiiiiiiennnn <= 407
Altitude
Non-Operating ........ccecen.. 40,000 feet
Operating .....cevevvvenennnnns 10,000 feet
Shock and Vibration .............. Meets MIL-T-28800C,

2-9
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Dynamic Range (internal)

.......

Common Mode Rejection ..........
(with 100 ohm imbalance)

Normal Mode Rejection

Isolation

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

Measurement Method

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

Zero Stability .................
Ranges, Resolution, Accuracy ...

+131,071 counts

+109,226 counts at 60 Hz

170 dB at 50 Hz +0.1%

170 dB at 60 Hz +0.1%

160 dB at de

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

at 50 Hz

Temperature

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

StOrage uuveviiiiiiinnneannn -55 to 75°C
Relative Humidity (without condensation)

Below 25°C .......cvvuunnn.. <= 95%

25 to 40°C ..., <= 5%

40 to 50°C ......iiiienn.... <= U45%

50 to 70°C ....eiiiinnnn.... <= L0%
Altitude

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

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

Class 5 Standards
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Channels .......ceeeeveeconceccens 20

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

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

5600 pF

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

Voltage Offset (max) ........... 1 uV

Ranges and Displayed Resolution 60 Hertz 50 Hertz
64 mV Range .....eeevvennens 0.6 uv 0.5 uv
512 mV Range ......cceceeeees 5.0 uv 4.2 uv
8V Range ....ceceeevennncons 73 uv 61 uv
64V Range ....coeeevenennnn- 0.6 mV 0.5 mV

ACCUPraACY .ecteevennnnssnoncancns Determined by application.

See Accuracy sections:
Temperature Measurement
Using Thermocouples
DC Voltage Measurement
AC Voltage Measurement
DC Current Measurement
Strain Measurement
Zero Stability ..........c0eeenn Automatic Zero
Input Isolation ................ 250V dc or ac rms between
any two channels or any
channel and ground
Overload without Damage ........ 250V dec or 250V ac rms
Common Mode Voltage (max) ...... 250V dc 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 de
Normal Mode Rejection .......... 60 dB at 50 Hz +0.1%

or 60 Hz +0.1%
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Temperature

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

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

Below 25°C ........ccvuunnn... <= 95%

25 to 40°C ... <= 5%

40 to 50°C ...iiiniininnn... <= 45%

50 to 70°C viiiiiinninnn... <= 40%
Altitude

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

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

Class 5 Standards
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Channels ....ieeeiinnnnennannnns 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 .......ceeeeeeeee 2 (1 mA, 32 uhd)
Resistance Ranges, Resolution, and Excitation
Range ....ccevicecniinennnnnn 256 ohm
Internal Resolution .... 2.4, 2.0 milliohm (60, 50 Hz.)
Excitation ............. 1 mA
Range ....cececececcnnnnnnns 2048 ohm
Internal Resolution .... 19, 16 milliohm (60, 50 Hz.)
Excitation ............. 1 mA
RaNge ....cccevevrnnncennnnnn 64 kilohm
Internal Resolution .... 0.6, 0.5 ohm (60, 50 Hz.)
Excitation ............. 32 uA
ACCUPraCy ...veeeenencenanncaansns Determined by application.

See Accuracy sections:
Temperature Measurement
Using RTDs
Resistance Measurement
Zero Stability ...........c..... Automatic zero
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Input Channel Isolation
Y-Wire (4W)

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

3-Wire Accurate (3WA)

3-Wire Isolated (3WCM)

Overload without Damage

Common Mode Isolation

..........

250V dc
any two
250V dec
decades

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 dec or ac rms between
decades of channels,

250V dc or ac rms between
channels within a decade
for U-Wire (4W) 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

Temperature

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

StOrage .....veiiiiiiininnnn. -55 to 75°C
Relative Humidity (without condensation)

Below 25°C ....ovvvvvnnnnnnn <= 95%

25 to B0°%C ..., <= T5%

40 to 50°C ....iiiiiiinnnn.. <= 45%

50 to 70°C ..iiiiiiiinnnn.. <= 40%
Altitude

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

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

Class 5 Standards
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OQutputs ... iiiiiiiiiiiiiiienn.. 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
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Voltage Excitation
Excitation Voltage

2 Volt Accuracy

switch selectable to 2.0V
de or 4.0V dec

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 ...civvvennnnnnnaceannnn Determined by application.
See the Accuracy
Specifications section.
Temperature
Operating .......ceeeeeeennn. -20 to 70°C
SEOrage +vvvriiiirinnnnnennnnn -55 to 75°C
Relative Humidity (without condensation)
Below 25°C ...iiivveinnnnnnn. <= 95%
25 to 40°C .......iiiiii.... <= T5%
40 t0 50°C ... .iiiiiinnnn... <= U5%
50 to T0°C ...iiiiiiiinninn.. <= 40%
Altitude
Non-Operating ............... 40,000 feet
Operating .......cccvviununn.. 10,000 feet

Shock and Vibration

Meets MIL-T-28800C,
Class 5 Standards
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Channels ...eeeeeeeeeeennnnnn. 6

Functions ............. . ... Event counting and frequency
measurement selectable by
channel pairs

Timebase
Frequency ................ 10 MHz
ACCUracCy ...ceeveveeeeaens +0.01%
Input Signals
TypeS.eieeeeieneenenennnnn TTL, CMOS, contacts, and
analog waveforms
Minimum Pulse Width ...... 1.25 microseconds

Minimum Signal Amplitude.. 175 mV rms
0.5V p-p sine wave
0.35V p-p square wave
Maximum Signal Amplitude.. + 15V dec or ac peak
Adjustments .......... ... Signal threshold, deadband,
and contact debounce

Frequency Measurement

Minimum Frequency ........ 2 Hz
Maximum Frequency ........ 400 KkHz
Accuracy .....eeeceeeeanns Timebase accuracy + 1 digit

Totalizing Measurement

Magimum Counts ........... 8,388,607
Counting Rate ............ de to 400 kHz
Isolation ...ceecieeecnccennns 30V dec or ac rms between

any terminal and ground.
No isolation between
channels.

Power Consumption ............ 4.0 watts maximum



-167 Counter/Totalizer

Temperature
Operating ......
Storage ........

-20 to 70 degrees Celsius
-55 to 75 degrees Celsius

Relative Humidity (without condensation)

Below 25 degrees
25 to 40 degrees
40 to 50 degrees
50 to 70 degrees

Altitude
Non-Operating ..
Operating ......

Shock and Vibration

Celsius ..
Celsius ..
Celsius ..
Celsius ..

..........

..... {= 95%
..... <= T75%
..... <= U45%
..... <= 40%
40,000 feet

10,000 feet
Meets MIL-T-28800C, Class 5
Standards



-168 Digital I/0 Specifications

Isolation

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

Input Line

Input Handshake Line Circuit ...

30V dc or ac rms between
any terminal and ground.
Pulled up to +5V through
a 47K ohm resistor.

. Pulled up to +5V through

a 47K ohm resistor.

Inputs
Channels ........cccvvvevennn. 20 single bit,
or one 5 BCD digit word,
or one 17-bit binary word
TYPE tiieiiiiiiiiiiieannnnnnn Low Power Schottky TTL
Maximum Input Voltage ....... 6V
Outputs
Channels ......ceeeiinennnnn. 20 single bit
1 = Open-collector, diode
clamped, NPN transistors
Qutput Drive ................ 100 mA with 1V drop
Maximum Voltage on Output ... 30V dc
Power Consumption ............... 1.5 watts maximum
Temperature
Operating ...oeeeeeeeeeneeann -20 to 70°C
Storage ......cciiieiiiiiiinns -55 to 75°C
Relative Humidity (without condensation)
Below 25%C ..vvvveennnnnnnnnn <= 95%
25 to 40°C ..., <= T5%
40 to 50°9C ...iiiiniiiiinnnn, <= 459%
50 to T0°C ...ciiiiiiinnnnnn. <= 40%
Altitude
Non-Operating ............... 40,000 feet
Operating ......cccvvieninn.. 10,000 feet
Shock and Vibration ............. Meets MIL-T-28800C,

Class 5 Standards



-169 Status Output Connector Specifications

Outputs ..., 20
Terminals ........cccieiennennn.s 2 per channel
Compatibility ................... Connects to Digital I/0
(option 168)
Temperature
Operating .......ceveueeunn.. -20 to 70°C
Storage .......ciiiiiiiiii.., -55 to 75°C
Relative Humidity (without condensation)
Below 25°C iivvveinnnnnnnn.. <= 95%
25 to 40°C ... ...l <= T5%
40 to 50°C .....iiiiiiiin... <= U5%
50 to T0%C ..iiiiiiiiiinnnn, <= 40%
Altitude
Non-Operating ............... 40,000 feet
Operating ......ccceveeeennn. 10,000 feet
Shock and Vibration ............. Meets MIL-T-28800C,

Class 5 Standards

2-20



-170 Analog Output Specifications

Channels ......cciveivnnennnennnn
Terminals ....ccveeviinnnnnnnnnns
ACCUPraCy ...veeierenennennncnnns
Time since calibration ......
Operating Temperature .......
ACCUPACY .ivveereeenennnennnnnnns
Time since calibration ......
Operating Temperature .......
ACCUPACY .vvverirennerneanneannes
Time since calibration ......
Operating Temperature .......
Noise .iiiiiiiiiiiiiiieeieennenns

Voltage Outputs
Ranges
Resolution
Maximum Current
Capacitive Load
Output Protection

Current Output
Range
Resolution
Maximum Compliance Voltage ..

Maximum External Voltage

Isolation

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

ooooooooooo

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

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

Power Consumption

2-21

5 per channel
+0.1% of range

+0.2% of range

1 year

15 to 35°C

+0.4% of range

1 year

-20 to 70°C

< 0.02% of range in a
10 kHz bandwidth

-5 to +5V, 0 to +10V
2.5 mV/count

2 mA

10,000 pF maximum
short-circuit protected

4 to 20 mA

4 ua

10V

+2U4v

30V dec or ac rms between
any terminal and ground.
No isolation between
channels.

Current outputs share a
common return.

4.1 watts maximum



-170 Analog Output

Temperature

Operating .....eeevevenennn.. -20 to 70°

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

Below 25% ...ciieiininnnnnnn. <= 95%

25 to 40% ........iiiill... <= T5%

4O to 50° ...iiiiiiiiina... <= U5%

50 to 70° ..iiiiiiiiiiiin... <= 40%
Altitude

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

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

Class 5 Standards
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-171 Current Input Connector Specifications

Channels ......cccveeeneennneennns 20

Terminals ......ceceeeeenenennens 2 per channel

Shunt Resistor .................. 8 ohms +0.02 ohm
Measurement Range ............... 64 mA

Overload without Damage ......... 250 mA

Common Mode Voltage ............. 250V dc or ac rms between

any two channels or
between a channel and

ground.
ACCUPACY e vvvrrncnennnnnnannans 0.25% Input +4 uA
Time since A/D calibration .. 90 days
Resolution ......ceiiiiiiaas 1 uA
Compatibility .............coene. Attaches to

Thermocouple/DC Volts
Scanner (option 162).

Temperature

Operating ...eeeecevennneacnnn -20 to 70°C

SEOPAEE +vvvrrnnnneeennannnns -55 to 75°C
Relative Humidity (without condensation)

BeloW 25%C t.eeeverriinnnnnnnn <= 95%

25 to 40PC ..eviiiiiiinnnnn. <= T5%

4O £0 50°C tiiiiiiiiiiinnnnn <= U5%

50 £0 70°C t.eviiiniiininnnnn. <= 40%
Altitude

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

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

Class 5 Standards
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-174 Transducer Ezcitation Connector Specifications

Channels .........cciiveernnnnnn. 20
Terminals ........civeivnennnnnn. 5 per channel
Programming ..................... 5 jumpers select voltage

or current excitation on
5 groups of 4 channels.

Compatibility ...............c... Attaches to Transducer
Excitation Module
(option 164)

Temperature

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

StOrage weveveiiiiiieinnnnnn. -55 to 75°C
Relative Humidity (without condensation)

Below 25°C .......ccvvennn... <= 95%

25 to 40°C ..., <= T5%

40 to 50°C .....iiiiinin.... <= U5%

50 to T0°C ...viiiiinnnnn... <= U407
Altitude

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

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

Class 5 Standards
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-175 Isothermal Input Connector Specifications

Channels .......ciivivirencennnens 20

Terminals ......civiiveencnnnnnns 60 (HI, LO, SHIELD per
channel)

Maximum Voltage Rating .......... 250V dc or ac rms from any

terminal to any other
terminal or ground.

Temperature

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

SEOPAEE +vvvvreernnnnaacennnn -55 to 75°C
Relative Humidity (without condensation)

Below 25°C ..vvuievinnnnnnnnn <= 95%

25 to 40°C ...l = 75%

4O £0 50°C ..iiiiiiiiiiiinnnn <= U5%

50 £0 70%C .iiuviiniiiinninnnn <= 4o%
Altitude

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

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

Class 5 Standards

2-25



-176 Voltage Input Connector Specifications

Channels ........cciiiiieennnnn.. 20

Terminals ....eeeeeieeennnnaennn. 60 (HI, LO, SHIELD per
channel)

Maximum Voltage Rating .......... 250V dc or ac rms from any

terminal to any other
terminal or ground.

Temperature

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

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

Below 25°C .......cvveennn... <= 95%

25 to 40°%C ........eiiin..... <= 75%

40 t0 50°C ...iiiiiieannn... <= U45%

50 to 70°C .....iiiiiinann... <= 40%
Altitude

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

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

Class 5 Standards
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-177 RTD/Resistance Input Connector Specifications

Channels ......vieviieeneneenennn 20
Terminals ....vuiieiinennnenennnnn 100
(HI EXC, HI, LO, LO EXC, and LO COM per Channel)

Maximum Voltage Rating and
Mating RTD/Resistance Scanner Mode
163 Measurement Mode ........ J-wire (UW)
Ratings ......cceveenne. 250V dec or ac rms between
two channels or a channel
and ground; 30V or 24V ac
rms between channel terminals

163 Measurement Mode ........ 3-wire Accurate (3WA)
Ratings .......cccevn.. 250V dec or ac rms between

channels in different
decades or between channels
in a decade and ground;
30V de or 24V ac rms
between terminals within
a decade except between
LO COMs. (LO COMs of
channels in a decade are
connected internally.)

163 Measurement Mode ........ 3-Wire Isolated (3WCM)
Ratings .....cccvviinnn Same as for U-Wire
Compatibility ......cceeieevnnnn. Attaches to RTD/Resistance

Scanner (Option 163)
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-177 RTD/Resistance Input Connector

Temperature

Operating .....eeeeeeeennn.n. -20 to 70°C

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

Below 25° .....ciiiiininnnnn. <= 95%

25 to 40° ...l <= T5%

4O to 50° L...iiiiiiiiiiann.. <= 457

50 to 70% ..i.i.iiiiiiiiinenn <= 40%
Altitude

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

Operating .....ccevveveennnn. 10,000 feet
Shock and Vibration ............. Meets Mil-T-28800C, Class

5 standards
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-179 Digital/Status Input Connector Specifications

Chamnels ......ciiiiiiieninnennn. 20 single bit, or
one 5 BCD digit word, or
one 17-bit binary word
Terminals ...cceeevennnnneeeeennns T2
Maximum Input Voltage ........... 6V de
Isolation .iieeveiiiiieenennnas 30V de or ac rms between
any terminal and ground.
Compatibility .......ccvvvien.. Attaches to Digital 1I/0
(option 168)
Temperature
Operating .....eeeeeeneneennn -20 to 70°C
StOrage ....eieeiiiiiiaiennn -55 to 75°C
Relative Humidity (without condensation)
Below 25°%C .ovvvvevnnnnnnnnnn <= 95%
25 to 40°C ...iiiiiiiiiinnnn. <= T5%
YO £t0 509C ..eviiiiiiinn <= 45%
50 £0 T0%C teviuiinnenninnnns <= 40%
Altitude
Non-Operating ............... 40,000 feet
Operating ......ciivvinnnnn.. 10,000 feet
Shock and Vibration ............. Meets MIL-T-28800C,

2-29

Class 5 Standards



-201 Scan/Alarm Option

This module replaces the Computer Interface Module. The
following additional specifications apply:

Printer Port Connector - 25 pin

PIN NUMBER

SIGNAL

Shield
Transmitted Data
Received Data
Request to Send
Clear to Send
Data Set Ready
Signal Ground

Alarm Annunciator Terminator Strip

TERMINAL NUMBER

----------

.........

FUNCTION

Connect to Normally Closed
Contact of 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 110Vac, 1 Ampere)
Normally Open Contacts for
Audible Alarm.

(Max 110Vac, 1 Ampere)
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ACCURACY SPECIFICATIONS
Temperature Measurement Using Thermocouples
Hardware Used ..... -161 High Performance A/D
-162 Thermocouple/DC Volts Scanner

-175 Isothermal Input Connector

Accuracy In +°C

Thermocouple Type

(Sensor Temperature Time Since A/D Calibration

|

Range) | (Operating Temperature in °C)

Sensor l

Temperature | 90 Days 1 Year 1 Year

(°c) | (15 to 35) (15 to 35) (-20 to +70)
J NBS (-200 to 760°C)

-200 to -100 0.45 0.5 1.6

-100 to +200 0.35 0.4 0.9

+200 to +760 0.45 0.5 0.75
J DIN (-200 to 760°C)

-200 to -100 0.45 0.5 1.6

=100 to +200 0.35 0.4 0.9

+200 to +900 0.45 0.5 0.75
K NBS (-225 to 1350°C)

-225 to -100 0.45 0.5 1.9

-100 to +200 0.35 0.4 1.0

+200 to 1350 0.5 0.6 1.25
T NBS (-230 to 400°C)

-230 to -100 0.45 0.5 1.9

-100 to +200 0.35 0.4 1.0

+200 to +400 0.45 0.5 0.6
T DIN (-200 to 600°C)

-230 to -100 0.45 0.5 1.9

-100 to +200 0.35 0.4 .0

+200 to +600 0.45 0.5 1.25
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2/Thermocouple Accuracy

E NBS

(-250 to 838°c)

-250 to -100
-100 to +250
+250 to +838

R NBS (0 to 1767°C)
0 to +200
+200 to +1767

S NBS (0 to 1767°C)
0 to +200
+200 to +1767

B NBS (200 to 1820°C)
+200 to +500
+500 to +1820

N NBS (-200 to 400°C)
-200 to -100
-100 to +200
+200 to +400

C HOS (0 to 2315°C)
0 to +2315

90 Days 1 Year 1 Year
(15 to 35) (15 to 35) (-20 to +70)
0.45 0.5 1.5
0.35 0.4 0.9
0.45 0.6 0.85
1.15 1.35 2.2
.95 1.15 1.6
1.15 1.35 2.2
.95 1.15 1.6
1.05 1.25 10.0
1.05 1.25 3.8
(For 28-gauge thermocouple wire)
0.45 0.5 1.9
0.35 0.4 1.0
0.5 0.6 1.25
0.85 1.05 1.8

2-32



Temperature Measurement Using RTDs
Hardware Used ..... -161 High Performance A/D
-163 RTD/Resistance Scanner
-177 RTD/Resistance Input Connector

Performance

RTD Type, Scanner
Range, and Scanner
Measurement Mode
(sensor temperature

|

I 90 Days Since A/D Calibration

l

|
range) |

|

|

l

18 to 28°C Operating Temperature
Temperature Shift dT/dt < 1°C / 10min

Sensor
Temperature
(°c)

ACCURACY RESOLUTION REPEATABILITY

Platinum 385 DIN, High Resolution, 4-Wire (4W), and
(-200 to U425°C)
-200 to 150 0.09°C* 0.006°C 0.03°C
150 to 425 0.13°C 0.006°C 0.04°c

Platinum 385 DIN, High Temperature, 4-Wire (U4W), and
(-200°C to probe limit)
-200 to 600 0.25°C 0.05°C 0.14°C

10 Ohm Copper, 4-Wire (LUW)
(-75°C to +150°C) 0.28°C 0.06°C 0.16°C

Platinum 385 DIN, 3-Wire Accurate (3WA)

+0.007°C*%*  +0.001°C**
10 Ohm <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>