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Section 5
Command Reference

INTRODUCTION

This section provides complete, alphabetically arranged
reference information to all available commands for the
Front End. The section is divided into three main
parts:

(0]

The first several pages describe how to read and
use the reference information. This first part
discusses notation conventions and how to read the
syntax diagrams.

The second main topic is a discussion of the
channel function, channel numbers, and numerical
representation. These topics are presented
separately because they are global in nature; that
is, they apply to virtually all the available
commands and are needed as background information.

The largest part of this section is the reference
information. Each command is discussed separately.
The commands are arranged alphabetically so needed
information can be located quickly.
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USING THE COMMAND REFERENCE INFORMATION

The description of a command is often keyed to a
specific function. For example, the DEF command is
expanded to separate reference pages for each type of
measurement or output that can be defined. Relevant
uses of DEF can therefore be accessed directly.

Reference information is presented in complete examples.
Each item appears in the context of a command line. For
ease of expression, command lines are represented in
three ways. First, the Format of a command gives a
general description of the construction of a valid
command line. The second type of expression is graphical,
showing each type of command line as a syntax diagram.
Finally, a textual description uses notation conventions
to express the relationship of the various elements.

Notation Conventions

Several conventions are used to distinguish command
line keystrokes from the surrounding text. In the
following examples, brackets ([ ]) and angle brackets
(< >) are used to separate parts of the command line,
but are not actual parts of the command line. Do not
type these symbols.

<XXX> Angle brackets enclosing all upper-case
letters mean "press the XXX key".

Example: <CR>

means to press the CARRIAGE RETURN or ENTER
key.

5-8
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<{XXZX>

[xxx]

XXX

5/Command Reference

Angle brackets enclosing all lower-case
letters indicate required information to be
entered by the user.

Example:
DEF TABLE(<table number>) = <table definition>

means supply a "table definition" for
TABLE(table number).

Indicates an optional input statement.
Example: [,MAX = <volts>]

means that specifying a maximum expected
voltage is optional.

Front End keywords are represented as all
upper-case characters to distinguish them
from surrounding text. However, keywords can
be entered in any combination of upper and
lower case characters.

Example: MODE

means to type the command "MODE" or "mode" or
"Mode" .

Indicates that the user can choose among
the options listed.

Example: MODE = COMP | TERM

means that the user can enter either MODE = COMP
or MODE = TERM.
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"Double Periods" define an inclusive range.
Example: CHAN(0..99) = 1

assigns logic '1' to channels zero through
ninety-nine.

Syntax Diagrams

The structure and syntax of the commands are
graphically represented in the form of syntax diagrams.
These visual portrayals provide an excellent way to
learn and reference the various command usages.

Syntax diagrams use a standard symbol for each type of

activity.

SEC

channel (s)

(explanation)

Following is an overview of these symbols:

A Word inside an oval is a keyword. In the
syntax diagram, keywords will be in upper
case. However, they can be entered in any
combination of upper and lower case
characters.

This indicates a left parenthesis.

This indicates a right parenthesis.

A box with lower-case words means that you
supply some information. In this case, you
would enter channel number(s).

Words in parentheses are explanations of some

kind. They give information about the nearest
block or path.
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Syntax Diagram Examples

A syntax diagram represents a critical path for
entering a command line. The diagram shows the most
direct route, along with any optional paths. To read a
syntax diagram, start at the upper left and follow the
arrows. Any branches in the diagram define an optional
part. Either continue along the critical path, or enter
the optional command line parts before returning to the
critical path. Figures 5-1 and 5-2 present syntax
diagrams for the Front End.
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EXAMPLE 1

EF

4
;

TABLE

LIST

{1l

RESET > (other parameters)

TEST

LT

[

set)=————p

START

STOP

i

Figure 5-1. Syntax Diagram - Commands
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This example shows the highest level of syntax. All
command lines start with one of these keywords: DEF,
SHOW, START, STOP, SEND, LIST, RESET, TEST, !. "Set"
requires no initial command keyword. Some syntax rules
are as follows:

o] Keywords are case insensitive, although they are
rendered in upper-case characters for emphasis.

o Spaces may not be inserted between the letters of
a keyword, but a space character is required
between the keywords of a command.

o] To enhance readability, spaces may be inserted
between elements of a command line.

EXAMPLE 2

(0-939)

=)
channel _r

function

(comma) (comma)

Figure 5-2. Syntax Diagram - DEF
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This example expands on syntax for the DEF command. DEF
can be used to define a channel, an interpolation
table, a scan, an alarm buffer, or a scan group. The
example demonstrates some additional rules about syntax
diagrams:

o] Where indicated, commas must be used as separators
within the command string.

o] Explanatory information, appearing in parentheses,
further defines the boxes or paths. Parentheses
can also indicate the range of a parameter. An
instance here shows that the 64-mA range is the
only range available.

o] Optional syntax is shown as a branch from the main
(shortest) path. Here, a channel function table
can be called.

Based on this syntax, a valid command line would be:

DEF CHAN(00..09)=DCIN
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) COMMON SYNTACTIC ELEMENTS

This second part of the command reference section
gives needed background information on three topics:

o

The Channel Function. Most Front End operations
take place via measurement channels. Therefore,
the channel function is used with nearly all of
the commands. Rather than repeat the necessary
information many times, this function is discussed
here as a separate topic.

Channel Numbers. As a part of all channel
commands, Channel Numbers are repetitive. A clear
understanding of how to represent Channel Numbers
is an aid to using the Front End command set
efficiently.

Numeric Representation. This discussion describes
the valid ways of expressing numbers when sending
commands to the Front End.

The Channel Function

Although optional, the channel function can be appended
to any channel definition (DEF CHAN) command. It
applies one or more of the following values to
specified channels:

(0]

An interpolation table, which is defined in the
TABLE statement appended to the DEF CHAN command
but separately set up with the table definition
command DEF TABLE.

A polynomial function, which is defined in the
POLY(a,b,c) statement appended to the DEF CHAN
command.

A square root function, which is defined in the
SQR(a,b) statement appended to the DEF CHAN
command.
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SYNTAX DIAGRAM

channel
A syntax diagram with this block: function

expands to the following complete syntax:

(0-99)

(oo} = o (. =>le (. ()

signed (comma) signed (comma) signed
number number number
sar J={(_( J=>{a (. =1 (. )
signed (comma) signed
number number
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INTERPOLATION TABLE (TABLE)
An interpolation table requires two types of commands:

DEF TABLE(1)
DEF CHAN(33)

= 0.004,0/0.020,100/...

= DCIN, CHFN =TABLE(1)

In this example, the first line defines points on an
interpolation table (Table 1). The second line applies
these points to the defined channel. Channel 33 is
defined for direct current measurements. Measurements
are filtered through the table. This command makes
possible very flexible linearization and result
interpolation, so be sure to refer to the DEF TABLE
command reference page for details on how to construct
useful tables.

POLYNOMIAL FUNCTION (POLY)
The polynomial function is organized as:
Result = ax® + bX + ¢

The coefficients (numbers) a, b and c have to be given
by the user; X is the unscaled (measurement) value.
The syntax "POLY" (no number between the brackets)
indicates that the polynomial function is a local one.
This means that the polynomial parameters can be
accessed only by the associated channel; this is in
contrast with Table definitions where the same Table
can be shared by all system channels.

Suppose you want to measure pressure using a transducer
whose output is between 1 and 5 volts, corresponding to
0 to 20 kiloPascals. The relationship between pressure
and output voltage is linear but the measurement
contains an offset. Refer to the figure below for a
representation of the problem.
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kilo Pascal

20 et
| . B=(20-0)/(5-1)
15__ | .
| . B=5
10| .
| . C=0-1%B
5 _ 1
I C=-5
|
0 |
|
| Volts
|

A¥X*¥X+B*X+C
The channel can be defined as follows:
DEF CHAN(O) = DVIN, CHFN = POLY(0,5,-5) <CR>

SQUARE ROOT FUNCTION (SQR)
The square root function is structured as:

Result = a*SQR(x + b)

The number coefficients "a" (multiplier) and "b"
(offset) can be specified by the user. With no
specification, "a" defaults to 1, and "b" defaults to
0. The channel input value is represented by "x".
For example, the channel definition
DEF CHAN(19)=DVIN, MAX=4, CHFN=SQR(20.0,0)
could be used for a channel connected to a flow
transducer that outputs a signal proportional to the
difference in pressure across an orifice plate. The
rate of flow is proportional to the square root of the

differential pressure. The maximum anticipated signal
output of U4V corresponds to 40 gallons/minute.
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Channel Numbers

Channel Numbers, which can be specified as part of
several commands (DEF CHAN, LIST CHAN, SEND CHAN, (set)
CHAN, RESET CHAN, DEF SCAN, etc), identify the channels
being defined, listed, and so on.

A valid channel identifier can consist of one or more
channel numbers separated by commas (,), a range of
channels, or multiple ranges separated by commas.

Channel numbers must be represented as positive numbers
in the range 0 through 999. Negative channel numbers

or numbers outside the allowable range produce an
error.

A valid range of channel identifiers is indicated by
two numbers separated by double-periods (..). In
specifying a channel range, the first channel number
must always be less than the second or an error
results.

SYNTAX DIAGRAM

channel (s)

(0-999)

This block in a syntax diagram:

expands to:

7—>| number x Q.L H numbery}—L —_—

(0-999) (channel x <channel y <999)

{ + )
—

(comma)
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Examples of valid channel identifiers:

CHAN(3) CHAN(6..12)
CHAN(30,50) CHAN(9,13..31,33,70..77)
CHAN(T77,32,55) CHAN(1,3..4)

Examples of invalid channel identifiers:

CHAN(55..33) First channel larger than second.
CHAN(-3) Negative channel number.
CHAN(1..1000) Second channel outside valid range.

Numeric Representation

Numbers may be expressed in fixed decimal-point format
or in scientific notation.

The legal range is any number between 0.29E-38 and
0.17E+39. Numbers are stored in the memory of the Front
End in a 32-bit floating-point format with 8 bits of
exponent, 24 bits of mantissa (most significant bit
under exponent) and 1 sign bit. No spaces, carriage
returns, or line feeds can be embedded in a number.
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SYNTAX DIAGRAM

This block in a syntax diagram:

expands to:

unsigned

\ / integer

(minus)

(period)

5/Command Reference

number

unsigned
integer

(period)

unsigned
integer

(plus)

(minus)

unsigned
integer

EXAMPLES

Examples of valid numbers are:

10
1.
12.E3
.15
-3.0E-01

The number

1.2E 4

is invalid because it contains a space.
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CAL
Set Auto-Calibration System Variable

Format
CAL = ON | OFF

Syntax Diagram

(default

_,( CAL o ON >
[
(0FF)

Description

This variable sets auto-calibration of a/d converters
"ON" or "OFF". The default is "ON".

HIGH PERFORMANCE A/D CONVERTER (-161)

With the -161 High Performance A/D Converter, CAL=ON
specifies automatic calibration operation at 10-minute
intervals. When CAL=OFF, auto-calibration is disabled,
allowing for uninterrupted measurement cycles.

The calibration operation runs for about 2 seconds,
during which the Front End ignores all other
activities. If such timing interruptions interfere with
a particular application, set CAL=OFF. Then, using
intervals in the application program that better allow
for interruption, send CAL=ON, immediately followed by
CAL=0FF. This sequence ensures a complete
auto-calibration cycle.
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CAL
Set Auto-Calibration System Variable

If ambient operating temperature is fairly stable
(varies less than 2°C/2 hours), you can send CAL=ON
CAL=OFF as infrequently as every 2 hours with little
loss of accuracy.

FAST A/D CONVERTER (-165)

This command does not affect the -165 Fast A/D
Converter, which randomly interleaves measurement
readings wWith auto-calibration readings, eliminating
any discrete auto-calibration delay. However, for burst
scan operations, disabling auto-calibration altogether
(CAL=OFF) does yield shorter burst scan intervals.
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CHAN
Set Analog Output Channel

Format
CHAN (<channels>) = <analog output value>

Syntax Diagram

—»( CHAN )b channel(s

(0-999) (see description)

Description

This commands assigns an analog output value to the
designated channel(s).

The way the assigned value is interpreted depends on
the type of analog output (BIPOLV, UNIPOLV, DCOUT,
PVOUT). Undefined channels default to unipolar
(UNIPOLV) output.
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CHAN
Set Analog Output Channel

Examples

To apply a current of 15 mA at the current output of
channel 22, enter

DEF CHAN(22) = DCOUT
CHAN(22) = 0.015

To apply a voltage of -2.9V on the bipolar output of
channel 101, enter

DEF CHAN(101) = BIPOLV
CHAN(101) = -2.9

See Also

Section 2, Analog Output
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CHAN
Set Status Output Channel

Format
CHAN(<channels>) = <status output value>

Syntax Diagram

channel (s) —-’@_, Statl\l/; 3:tput

( 0-999)

Description
This command sets a status output channel either on
(logic "1") or off (logic "O"). Any non-zero value is

interpreted as a logic "1". The actual output may
differ if a channel function is used.

Example
To set 25 bits to logic "1", enter:
CHAN(200..224) = 1
See Also

Section 6f, Status Output
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COUNT
Set Count System Variable

Format
COUNT = ON | OFF

Syntax Diagram

__>( COUNT

.
(default) |

This variable can be set to "ON" or "OFF". The default
is "OFF".

Description

When "ON", the first line returned in response to a
SEND CHAN command indicates the number of measurement
channels being returned. When COUNT is "OFF" the first
line of a returned SEND CHAN command measurement is an
actual measurement. COUNT also affects Scan Record
output in a similar way. Count is sent only when in the
computer mode.

Example
After receiving the commands:
MODE = COMP

COUNT = ON
SEND CHAN(O..2)
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Set Count System Variable

Helios Plus could yield a response similar to:

3.00000E+00
1.12345E+00
0.00000E+00
-3.87654E+02

The first returned value, "3.00000E+00", indicates the
number of channel measurements being returned by this
SEND command. Being the first number returned
distinguishes this value from an actual measurement. If
COUNT is set to "OFF", this number of channels is not
included in the response.
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DATES$
Set Date System Variable

Format
DATE$ = <day>-<month>-<year>

Syntax Diagram

—>(aTES )= = > day (' ¥ monn

(0-31) (hyphen) (see below)

’( ) P year >

(hyphen) (84-99, 00-15)

Description
This variable represents the system date. Once set, the

internal clock keeps track of the date. Leap years are
handled automatically.
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Set Date System Variable

To set the date, enter
DATE$ = <day>-<Month>-<year>
where <day> is 0-31, <Month> is a month keyword, and

<year> is number from "84" to "99" or between "00" and
"15", The keyword for each month is:

JAN = January JUL = July

FEB = February AUG = August
MAR = March SEP = September
APR = April OCT = October
MAY = May NOV = November
JUN = June DEC = December
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DEF ABUF
Define Alarm Buffer

Format
DEF ABUF=<buffer size>

Syntax Diagram

DEF ABUF _..@—, buffer size |

(0-32767)

Description

This command defines a memory buffer for temporary
storage of alarm data. The buffer size indicates the
number of alarm records that can be stored. This number
is limited by the size of available memory.

The different alarm types stored in the alarm buffer
are:

1. System and channel status transitions
2. Scan buffer overruns
3. System hardware errors

Each alarm record stored in the buffer contains the
following items:

. Alarm type

. Date and time

Channel or scan task number (if applicable)
. Status word (if applicable)

A measurement value (if applicable)

=W -
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DEF ABUF
Define Alarm Buffer

An alarm buffer is a circular 'first in/first out'

buffer of a defined size (i.e. a number of records), in
which the alarm records are stored as soon as they are
available and from which they can be retrieved whenever

necessary.

Alarm information sent to the printer port is appended
with any UNITS and label information specified for that
channel. Refer to LABEL CHAN later in this section for
additional information.

Example

An alarm buffer that is capable of holding the last 25
alarm messages should be defined as follows:

DEF ABUF=25 <CR>
See Also
SEND ABUF

SHOW ABUF
SHOW FIRST|LAST|AGAIN ABUF

RESET ABUF
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,) DEF BSCAN

XTRIGTYPE FILTERCNT TRIGPOS SCANINTERVAL CAL
Define Burst Scan Characteristics

Format

DEF BSCAN = FAD(<Fast A/D Converter numbers>)

[,XTRIGTYPE = LO]

[ ,XTRIGTYPE = HI]

[,XTRIGTYPE = LOHI]
[,XTRIGTYPE = HILO]
[,FILTERCNT = <trigger inputs>]

[,TRIGPOS = <number of scans>]
[,SCANINTERVAL = <milliseconds>]
[,CAL = ON | OFF]
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DEF BSCAN

XTRIGTYPE FILTERCNT TRIGPOS SCANINTERVAL CA. )
Define Burst Scan Characteristics

Syntax Diagram

GO oot

"
T\

© S

input

(0-15)

o s

(0-1048575)

° SCANINTERVAL e milliseconds J

(0-32767)

o CAL

L
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) DEF BSCAN

7 XTRIGTYPE FILTERCNT TRIGPOS SCANINTERVAL CAL
Define Burst Scan Characteristics

Description

DEF BSCAN defines characteristics of the Burst Scan
Mode for a Fast A/D Converter. Multiple Fast A/D
Converters can also be specified.

Note that the channels to be burst scanned are defined
separately with the DEF CHAN command. When setting up
burst scanning, always specify the channels (DEF CHAN)
before defining the characteristics (DEF BSCAN).

Burst scanning is started with the START BSCAN command.
Burst scanning is stopped when:
o The STOP BSCAN command is sent, or

o] A specified number of scans beyond the trigger
occur. This number is set with the TRIGPOS
parameter.

Burst scanning operation resembles that of a logic
analyzer. Sampling is started with the START BSCAN
command, and data is captured until sampling (scanning)
is stopped. With triggering, data can be captured in
the burst scan buffer before, during, and after an
event of interest. The trigger can be provided in two
ways:

o] External triggering as set with the XTRIGTYPE
parameter of the DEF BSCAN command.

o Channel value triggering as set with the HITRIGGER
and LOTRIGGER parameters of the DEF CHAN Trigger
Value(s) command.

FILTERCNT is used to filter both types of trigger.
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DEF BSCAN
XTRIGTYPE FILTERCNT TRIGPOS SCANINTERVAL C/

Define Burst Scan Characteristics

Burst Scan Mode characteristics that can be specified
with the DEF BSCAN command are summarized below.

NOTE

External triggering is enabled by
positioning a hardware jumper on the Fast
A/D Converter PCA. When this pca 1is shipped
from the factory, the jumper is set for
normal measurements on the related 1st and
21st channel (0 and 20, 50 and 70, etec.)
When the jumper position is changed, these
two channels are redefined as external
trigger input/output. Refer to the -165
option information in Section 3B of this
manual for more information about this
jumper. And remember, setting an XTRIGTYPE
only specifies the conditions under which
the external input generates a trigger
input; the jumper must also be correctly
positioned for the specified XTRIGTYPE(s) to
influence Fast A/D Converter operation.
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DEF BSCAN

) XTRIGTYPE FILTERCNT TRIGPOS SCANINTERVAL CAL

Define Burst Scan Characteristics

XTRIGTYPE

XTRIGTYPE specifies the condition under which an
external hardware input generates a trigger
input. The following specifications are possible:

LO

HI

LOHI

generates a trigger input when the external
trigger logic state both goes low during
burst scanning and stays low for the number
of scans specified by FILTERCNT. If the input
stays low for fewer scans than specified by
FILTERCNT, no trigger event occurs and the
Fast A/D Converter continues burst scanning.

generates a trigger input when the external
trigger logic state goes high during burst
scanning and stays high for the number of
scans specified by FILTERCNT. If the input
stays high for fewer scans than specified by
FILTERCNT, no trigger event occurs and the
Fast A/D Converter continues burst scanning.

generates a trigger input when the external
trigger logic state goes high during burst
scanning and stays high for the number of
scans specified by FILTERCNT. If the input
stays high for fewer scans than specified by
FILTERCNT, no trigger event occurs and the
Fast A/D Converter continues burst scanning.
If a FILTERCNT of zero is used, LOHI acts as
an edge trigger. However, in order to be
detected, the high state must be present for
the duration of one scan.
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DEF BSCAN

XTRIGTYPE FILTERCNT TRIGPOS SCANINTERVAL C;

Define Burst Scan Characteristics

HILO generates a trigger input when the external

trigger logic state goes low during burst
scanning and stays low for the number of
scans specified by FILTERCNT. If the input
stays low for fewer scans than specified by
FILTERCNT, no trigger event occurs and the
Fast A/D Converter continues burst scanning.
If a FILTERCNT of zero is used, HILO acts as
an edge trigger. However, in order to be
detected, the low state must be present for
the duration of one scan.

Multiple trigger types can be specified. If XTRIGTYPE

is not specified, external trigger inputs are not used.

(o)

FILTERCNT

FILTERCNT specifies the number of scans during
which the trigger state must be true in order for
a trigger event to occur. If FILTERCNT is not
specified or is set to O, a single trigger input
causes a trigger event. FILTERCNT also filters
Channel Value Triggering (via HITRIGGER and
LOTRIGGER in the DEF CHAN Trigger Value(s)
command). The maximum FILTERCNT allowed is 15.

Trigger inputs occur when a trigger value is

exceeded or an external trigger input is detected.

When consecutive scans produce the number of
trigger inputs specified by FILTERCNT, a trigger
event occurs. Burst scanning then stops after the
number of additional scans specified by TRIGPOS.
Note that this process is aborted if a trigger
input is not found on any of the required
consecutive scans; the trigger count is reset
whenever a scan does not find a trigger input.
Each trigger input is independently filtered.
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) DEF BSCAN
XTRIGTYPE FILTERCNT TRIGPOS SCANINTERVAL CAL
Define Burst Scan Characteristics

o TRIGPOS

TRIGPOS specifies the number of scans to execute
after the recognition of a trigger event. A
trigger event signifies that at least one trigger
input has satisfied its enabling and filtering
criteria. If TRIGPOS is not specified or is set to
0, scans are halted after a trigger event is
recognized. Maximum allowable TRIGPOS is
1,048,575. With such large TRIGPOS values
permitted, the burst scan buffer can be
overwritten several times after a trigger event.

o SCANINTERVAL

The SCANINTERVAL value specifies the time in

A milliseconds between the start of each scan in

/ Burst Scan Mode. If the Fast A/D Converter
requires more time between scan starts than
allowed by SCANINTERVAL, an error is reported. If
SCANINTERVAL is O (or not specified), the minimum
required scan time is used. A minimum of 1 ms per
channel reading in the scan plus 1 ms between
scans is required.

The maximum SCANINTERVAL allowed is 32,767
(milliseconds).

NOTE

Use the DEF CHAN command to define channels
to be burst scanned before using the DEF
BSCAN command. If DEF CHAN is sent after the
DEF BSCAN command, the Fast A/D Converter
may not be able to do scans at the rate
specified by SCANINTERVAL.

5-41



DEF BSCAN
XTRIGTYPE FILTERCNT TRIGPOS SCANINTERVAL C£ |

Define Burst Scan Characteristics

If SCANINTERVAL is specified while the Fast A/D
Converter is operating in Burst Scan Mode, an
error is reported (in response to DEF BSCAN) and
no change to SCANINTERVAL is made.

le) CAL

This system variable controls the frequency with
which certain Fast A/D Converter operations are
performed. These operations include
self-calibration and open thermocouple checking.
When CAL is ON (the default), these tasks are
performed on a regular basis.

Further, when a HITRIGGER or LOTRIGGER value is
assigned to a thermocouple channel, the trigger
value must change as the reference junction
temperature on the Fast A/D Converter drifts. When
CAL is ON, this check is made once each minute for
each a/d converter. Trigger values are corrected
only when the reference junction has drifted by
more than 0.2 degrees Celsius since the last
correction.

When CAL is OFF, these tasks are performed only
once (when Burst Scan Mode is activated.) Trigger
values are only specified when the channel is
initially defined and are not corrected to account
for subsequent temperature changes. The OFF

state thereby allows for shorter scan intervals.

Channel readings made by a Fast A/D Converter (in
response to a DEF BSCAN, START BSCAN command sequence)
are not automatically checked against limits, and
related alarms are not automatically activated. Refer
to DEF CHAN Alarm Limits for more information.
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) DEF BSCAN

XTRIGTYPE FILTERCNT TRIGPOS SCANINTERVAL CAL

Define Burst Scan Characteristics
Example

The following example sets the first channel on Fast
A/D Converter 15 as an external trigger input,
generates a trigger input at a low logic state, filters
for 8 additional scans, then stops scanning 6 scans
after the trigger event, and allows for 30 milliseconds
between scan starts (with calibration on):

DEF BSCAN = FAD(15), XTRIGTYPE = LO, FILTERCNT = 8,&
TRIGPOS = 6, SCANINTERVAL = 30, CAL=ON.
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DEF CHAN Alarm Limits

HIHI LOLO HI LO HYST ALARM
Define Channel Limits

Format

DEF CHAN(channels) = <channel type>
[ ,HIHI = <high-high limit>]
[,LOLO = <low-low limit>]
[,HI = <high limit>]
[L,LO = <low limit>]
[,HYST = <hysteresis>]
[,ALARM = <alarm channel number>]
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DEF CHAN Alarm Limits

HIHI LOLO HI LO HYST ALARM

Define Channel Limits

Syntax Diagram

N

= DEF CHAN )=#channel(s) |-

channe ),( ')\—.(HIHIH = >

TR

number
(0-999)
+9.99999E+36
maximum
(default)
|
signed signed
- LOLO o number - m e number
(comma) (comma)
-9.99999E+36 +9.99999E +36
minimum maximum
(default) (default)
ITe) signed signed
(0 )= ier P o (ays)—(_= )—w ltisned
( )

-9.99999E+36
minimum
(default)

(default=10)

CO—>(am—=(

(comma)

|
channel number I—\-L—.
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DEF CHAN Alarm Limits

HIHI LOLO HI LO HYST ALARM
Define Channel Limits

Description

Each channel definition, no matter which type has been
specified, can be extended with the definition of a
limit set. This limit set consists of up to four
limits, a hysteresis value, and an alarm output
channel. The alarm output channel, which changes value
when any of the four alarms occurs, can be assigned to
any one of 40 status output channels.

o

HI, LO, HIHI, and LOLO limits

These values are applied to the scaled value of
the measurement. They can be used with both analog
inputs and analog outputs. Operation with the High
Performance A/D and Fast A/D Converters is
identical.

Default values are:

HI +9.99999E+36

LO -9.99999E+36

HIHI +9.99999E+36

LOLO -9.99999E+36
HYST

The hysteresis value is expressed as a percentage
of the difference between the most positive
(higher of HIHI or HI) and the most negative
(lower of LOLO or LO) limits. This difference may
be quite large if any of the four limit values is
not specified; default values are used for any
limit (HIHI, HI, LOLO, and LO) not otherwise
specified.
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DEF CHAN Alarm Limits

HIHI LOLO HI LO HYST ALARM
Define Channel Limits

The hysteresis value should not exceed 100 (100%),
with values below 10 being normal. If no
hysteresis value is specified, a default of 10% is

used.

NOTE

To ensure a predictable hysteresis amount,
be sure to specify all four alarm limits.

Examples

ALARM

The HIHI, LOLO, HI, and LO limit conditions are
always checked directly by the Mainframe in
response to a SEND CHAN command or when a scan
task is getting data from the High Performance A/D
Converter or the Fast A/D Converter. These
Mainframe limit checks provide the only means to
set and report alarms based on limits.

To measure temperature using a K-type thermocouple,

with

a temperature range between 100 and 120 degrees,

the channel definition could be:

DEF CHAN(O) = TC, TYPE = KNBS, HIHI = 120, HI = 115&

LOLO

= 100, LO = 105, HYST = 10, ALARM = 100
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DEF CHAN Alarm Limits

HIHI LOLO HI LO HYST ALARM
Define Channel Limits

This definition causes status output channel 100 to
equal 1 when an alarm limit (HIHI, HI, LOLO, or LO) is
tripped. Notice that the hysteresis is 2, defined by
10% of the 20-degree span from LOLO to HIHI. Hysteresis
of 2, as applied to each of the four limits, yields:

LIMIT LIMIT LIMIT VALUE
TYPE VALUE +HYSTERESIS
HIHI 120 118
HI 115 113
LOLO 100 102
LO 105 107

For example, a reading of 121 exceeds both the HIHI
limit of 120 and the HI limit of 115; two alarms are
set. One alarm is withdrawn when the reading falls
below 118 and the second alarm is removed when the
reading falls below 113. Similarly, a reading of 99
sets the LO alarm of 105 and the LOLO alarm of 100,
with alarms being withdrawn above 102 and 107,
respectively. In all cases, status output channel 100
(alarm output) remains set until all alarms are
withdrawn.

Alarm Processing During Burst Scanning

For either the -161 High Performance A/D Converter or
the -165 Fast A/D Converter (operating in continuous
scan mode), alarm processing occurs when either the
SEND CHAN command or the DEF SCAN START SCAN command
sequence is sent. For the channels being measured by
either a/d converter, readings are then checked against
limits and alarms can be activated.
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DEF CHAN Alarm Limits

HIHI LOLO HI LO HYST ALARM
Define Channel Limits

For the -165 Fast A/D Converter operating in burst scan
mode, alarm processing cannot occur in the manner
described above. Readings are not automatically checked
against limits, and alarms are not automatically
activated. However, the following two alternative alarm
processing methods are available:

o Alternative A: Using a Scan Task (preferred):

1.

Using the DEF CHAN (Alarm Limits) command,
define the desired Fast A/D Converter
channel(s) for limit values and alarm output
channels.

Ensure that there are no HITRIGGER and
LOTRIGGER definitions for these channels. With
no definitions, burst scanning continues
indefinitely or until STOP BSCAN is sent.

. Initiate burst scanning for these channels with

the DEF BSCAN START BSCAN command sequence.

. Now initiate a scan task by sending the DEF

SCAN START SCAN command sequence. Alarm
processing will now occur without intervention
by the host computer.

o Alternative B: Using External Trigger Outputs

Use the external trigger output as an indication
that the a/d converter has crossed its trigger
threshold. This output then goes low within one
scan of any channel crossing the HITRIGGER or
LOTRIGGER parameter.

See Also

SEND ABUF
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Format

DEF CHAN Analog Output

BIPOLV UNIPOLV DCOUT PVOUT
Define Analog Output Channel

DEF CHAN(<channels>) = <analog output> [<alarm limits>]
[<channel funetion>]

Syntax Diagram

Coer o) o

(0 —999)

—\_’@?L

alarm
limits

UNIPOLY
(default)

‘

}

Description

This command defines a type of analog output for
designated channel(s). The analog output type is

channel

function

v

defined in order to allow a value assigned to a channel

to be translated properly into an electrical signal.
The definition of an analog output channel must
correspond to hardware connections or the output will

be incorrect.
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DEF CHAN Analog Output

BIPOLV UNIPOLV DCOUT PVOUT
Define Analog Output Channel

The analog output card (option -170) provides three
sets of output terminals for each of four channels. The
output terminals can be configured to any of the
following four types of <analog output>:

BIPOLV - A bipolar voltage source from -5 to +5V
UNIPOLV - A unipolar voltage source from O to +10V
DCOUT - A current source 4 to 20 mA
PVOUT - A current source as Process Variable

0 to 100%

Default is unipolar (UNIPOLV).

For BIPOLV and UNIPOLV, the assigned value corresponds
directly with the output voltage. For PVOUT, an
assigned value of 0% corresponds with 4 mA and 100%

yields 20 mA. When DCOUT is used, current can be
specified directly.

Examples

To define channels 100 through 103 to be output
channels of the process variable type, enter:

DEF CHAN(100..103) = PVOUT<CR>

To apply a current of 19.5 mA (0.0195A) on the current
output terminals of channel 100, enter

DEF CHAN(100) =DCOUT<CR>
CHAN(100) = 0.0195<CR>

See Also

Introduction to this section
Section 6, Measurement Reference: Analog Output
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DEF CHAN Channel Function

CHFN
Define Channel Function

Format

DEF CHAN(<channels>) = <channel type>
<alarm limits> [, CHFN = TABLE (<table number>)

| CHFN = POLY (<a>,<b>,<c>)
| CHFN = SQR (<a>,<b>)]
Syntax Diagram
CHFN = TABLE ( n:‘:n"ar
(0-99)

(ot =+ =« [+ C O o > C O >

signed (comma) signed (comma) signed
number number number
sor ==L > O={e =)
signed {comma) signed
number number
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DEF CHAN Channel Function

CHFN

Define Channel Function

Description

The channel function (CHFN) for a channel (or group of
channels) can be defined for an interpolation table
(TABLE), a polynomial equation (POLY), or a square root
function (SQR).

INTERPOLATION TABLE (TABLE)

An interpolation table requires two types of commands:

o

DEF TABLE(<table number>) = <x,y values>
This command specifies both the table number and a
series of input/output value pairs.
DEF CHAN(channels) = <channel type>,
CHFN =TABLE(<table number>)

This command applies the designated interpolation
table to a channel or set of channels.

POLYNOMIAL FUNCTION (POLY)

The polynomial function is organized as:

Result = aX° + bX + ¢

The coefficients (numbers) a, b and ¢ have to be given
by the user; X is the unscaled (measurement) value.
The syntax "POLY" (no number between the brackets)
indicates that the polynomial function is a local one.
This means that the polynomial parameters can be
accessed only by the associated channel; this is in
contrast with Table definitions where the same Table
can be shared by all system channels.
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DEF CHAN Channel Function

CHFN
Define Channel Function

SQUARE ROOT FUNCTION (SQR)
The square root function is structured as:
Result = a*SQR(x + b)

The number coefficients "a" (multiplier) and "b"
(offset) can be specified by the user. If no such
specification is made, "a" defaults to 1 and "b"
defaults to 0. The channel input value is represented
by "X" .

Channel Functions and Trigger Values

Triggering in Burst Scan Mode (Fast A/D Converter)
requires some special considerations if a channel
function is specified for the same channel(s).

A channel function converts a sensor output into a
mathematical form more suitable to the host. If a
channel function and HITRIGGER and/or LOTRIGGER values
are defined for the same channel(s), trigger values
specified are assumed to be in the units seen by the
host in response to a SEND CHAN. At this point, the
original measurement value has passed through sensor
linearizations and the channel function. However, Fast
A/D Converter triggering relies on the original
measurement value without such conversions. Therefore,
the controller must perform the reverse mathematics
equivalent to the channel function (and any sensor
linearization) to provide the a/d converter with an
equivalent raw direct voltage trigger value.
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DEF CHAN Channel Function

CHFN

Define Channel Function

In most cases, determination of this reverse channel
function is straightforward. Observe the following
considerations:

(o}

CHFN = TABLE (0-99)

When using an interpolation table channel
funetion, table data must be "reversible" in a
one-to-one manner. For each possible table output
value (including interpolation between data
points), there should be only one equivalent
sensor input value. In cases where there is more
than one possible input value for a given output
value, the trigger is set at a value equivalent to
the sensor input value appearing first (left-most)
in the table definition.

CHFN = SQR  ( a, b )

For the square root channel function, the reverse
mathematics required to convert the trigger value
into a sensor value cause multiplier "a" to become
a divisor. If the multiplier (divisor) is zero,
the corresponding implied trigger value is
infinite, and error 70 ("Trigger is outside of
measurement range") is returned.

Although the solution of a general square root
equation can yield a positive value and an
equivalent negative value, the Front End's SQR
channel function always calculates the positive
answer. Therefore, only positive trigger values
may be specified when using the SQR channel
function. If a negative trigger value is
attempted, error 70 ("Trigger is outside of
measurement range") results.
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DEF CHAN Channel Function

HFN
Define Channel Function

CHFN = POLY ( a, b, ¢, [,x] )

Be aware of the following considerations for
Quadratic, linear, or constant polynomial channel
functions:

Quadratic

When the polynomial is quadratic ("a" is non-zero)
there are two possible output values for each
possible "x" input (sensor) value. To reverse such
a function, the Front End needs to know which of
the two possible sensor values corresponds to the
region of the polynomial normally used by the host
for converting sensor values. Without this
knowledge, the Front End could convert the
specified trigger value from the host into the
wrong, but mathematically valid, trigger voltage.

To avoid this problem, an optional "x" parameter
may be supplied when the polynomial is defined.
This value should be a typical sensor value near
the middle of the expected range of "x" values
that the polynomial is designed to convert.
Optional parameter "x" is used as a starting
(seed) value for an iterative reverse solution of
the polynomial.

The "x" parameter is required whenever a quadratic
polynomial is used on a channel programmed with a
trigger. It is required only if both triggering is
desired and the polynomial has a non-zero "a"
coefficient.
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DEF CHAN Channel Function

CHFN

Define Channel Function

If "x" is required but not specified, error 69
("?Can't trigger using POLY() unless a typical X
value has been specified") results. In rare cases,
the iterative reverse solution to the polynomial
may not converge, with error 18 ("?No
convergence") resulting.

Linear

When the polynomial is linear ("a" is zero, but
"b" is not), the reverse solution to determine the
trigger value is straightforward and does not
involve iteration. Consequently, no typical "x"
value is required.

Constant

When the polynomial is a constant ("a" and "b" are
both zero), it is not possible to reverse the
function since any input value yields only one
output value. This is not at all useful (in either
direction) and is unlikely to occur. However, if
the host makes a mistake when programming and
inadvertently ends up with such a polynomial, the
Front End responds with error 18 ("?No
convergence") when triggering is attempted.

Refer to the DEF CHAN Trigger Value part of this
section for more information.
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DEF CHAN Channel Function

CHFN
Define Channel Function

Examples
INTERPOLATION TABLE

0.004,0/0.020,100/...
DCIN, CHFN =TABLE(1)

DEF TABLE(1)
DEF CHAN(33)

In this example, the first line defines points on an
interpolation table (Table 1). The second line applies
these points to the defined channel. Channel 33 is
defined for direct current measurements. Measurements
are filtered through the table. This command makes
possible very flexible linearization and result
interpolation, so be sure to refer to the DEF TABLE
command reference page for details on how to construct
useful tables.

POLYNOMIAL FUNCTION (POLY)

Suppose you want to measure pressure using a transducer
whose output is between 1 and 5 volts, corresponding to
0 to 20 kiloPascals. The relationship between pressure
and output voltage is linear but the measurement
contains an offset. Refer to the following figure for a
representation of the problem. The channel can be
defined as follows:

DEF CHAN(O) = DVIN, CHFN = POLY(0,5,-5) <CR>
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DEF CHAN Channel Function

CHFN
Define Channel Function

kilo Pascal

20 e e e,

I . B=(20-0)/(5-1)
15| .

| B=5
10___| .

| C=0-1%B
5 1

| C=-5

|

0 |

|

I Volts

[

:A*X*X+B*X+C
SQUARE ROOT FUNCTION (SQR)
The channel definition
DEF CHAN(19)=DVIN, MAX=4, CHFN=SQR(20.0,0)

could be used for a channel connected to a flow
transducer that outputs a signal proportional to the
difference in pressure across an orifice plate. The
rate of flow is proportional to the square root of the
differential pressure. The maximum signal output
anticipated is 4V (corresponding to 40 gallons/minute),
which would be evaluated as follows:

Reading = 20.0 Square(4.0 - 0.0) = 40
If the orifice plate exhibits an initial zero-flow
output, a non-zero correcting value could be added to

this definition. For example, SQR(20.0,-0.5) would
correct for a 0.5V zero-flow output.
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DEF CHAN Counter/Totalizer

FREQ TOTAL
Define Counter/Totalizer Input Channel

Format

DEF CHAN(<channels>) = FREQ | TOTAL [<alarm limits>]
[<channel function>]

Syntax Diagram

(0 -999)

v

J

limits
TOTAL

Description

channel

L_function

H

This command defines designated channel(s) as Counter
(FREQ) or Totalizer (TOTAL) input channel(s).

Switches on the Counter/Totalizer card (option -167),
set the board to frequency or totalizing operation. It
is not necessary to use this explicit DEF CHAN command.
However, to use alarm limits or a channel function, a
counter/totalizer input must be defined explicitly. The
definition must, of course, correspond to the hardware

setup.
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DEF CHAN Counter/Totalizer

FREQ TOTAL
Define Counter/Totalizer Input Channel

NOTE

There are six counter/totalizer channels per
option assembly. The switch settings occur
in adjacent pairs, which must be defined as
the same mode.

Example

To set up the Counter/Totalizer as two frequency
channels and four totalizers, enter

DEF CHAN(900..901)
DEF CHAN(902..905)

FREQ
TOTAL

To utilize a channel function, enter
DEF CHAN(90, 91) = FREQ, CHFN = TABLE(Y4)
See Also

Section 6, Measurement Reference: Frequency Measurement
and Totalizing Measurement
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DEF CHAN Digital I/0

STATIN STATOUT BCD BINARY
Define Digital I/O Channel

Format

DEF CHAN(<channels>) = <digital I/0 type>
[<alarm limits>] [<channel function>]

Syntax Diagram

(0-999)

(L

P

channel
function

alarm
limits

BINARY

Description

This command defines designated channel(s) as a type of
digital I/0. The Digital I/0 card (option -168) can be
used as either an input or output card. This is
determined by the type of connector that is used with
it.
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DEF CHAN Digital I/O

STATIN STATOUT BCD BINARY
Define Digital /O Channel

Channel numbers and types are determined by connectors
and jumpers on the assembly, so there is usually no
need for explicit channel definition statements.
However, to use a channel function or alarm limits on a
digital I/0 channel, it must be defined explicitly. The
definition must, of course, correspond to the hardware
setup.
The following I/0 types are allowed:

STATIN One-bit status input

STATOUT One-bit status output

BCD Five-digit binary-coded
decimal input

BINARY Seventeen-bit binary input
Examples
To defiine channel 120 as BINARY input, enter
DEF CHAN(120) = BINARY
To apply a table function, enter
DEF CHAN(120) = BINARY, CHFN = TABLE(11)
See Also

Section 6, Measurement Reference: Digital/Status Input,
Status Output
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DEF CHAN Direct Current lngut
DCIN

Define Direct Current Input Channel

Format

DEF CHAN(<channels>) = DCIN [<alarm limits>]&
[<channel function>]

Syntax Diagram

(0-999)

DCIN >
64 mA range I p| aam channel I
limits function

Description

This command defines channel(s) of analog input for
direct current input measurements.

Direct current measurements can be made with either of
two sets of hardware. If the -161 High Performance A/D
Converter is used, measurements are made on the 64 mA
range, using inputs through the -171 Current Input
Connector attached to the -162 Thermocouple/DC Volts
Scanner.
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DEF CHAN Direct Current Input

DCIN
Define Direct Current Input Channel

If the Fast A/D Converter is used, inputs are attached
to a modified -176 Voltage Input Connector attached
directly to the a/d converter. The connector is
modified with shunt resistors across the inputs. This
procedure is fully described in Section 6B.

Note that if Burst Scan Mode is used with the Fast A/D
Converter, direct current input channels cannot be
changed during operation. If Continuous Scan Mode is
used with this converter, channels can be changed
during operation.

Example

To define channels O through 5, and channels 8 and 9 as
direct current input, enter

DEF CHAN(0..5,8,9) = DCIN

See Also

Section 6, Measurement Reference: Current Measurement
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DEF CHAN Resistance Input

RESIST
Define Resistance Input Channel

Format

DEF CHAN(<channels>) = RESIST[, MAX = <ohms>]
[<alarm limits>] [<channel function>]

Syntax Diagram

==p( DEF CHAN channel (s) [mmm—tp = e RESIST o

(0-999)

(highest resistence range selected)

| channel i

function

Description

This command defines designated channel(s) as
resistance input channels.

Resistance measurements can be made more accurately by
specifying the range of expected measurement values
with the MAX parameter. To do this, set MAX to the
highest expected measurement value, in ohms. Lower
ranges yield higher measurement accuracy. If MAX is not
set, Helios Plus defaults to the highest range.
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DEF CHAN Resistance Input

RESIST
Define Resistance Input Channel

If Burst Scan Mode is used with the Fast A/D Converter,
resistance input channels cannot be changed during
operation. If Continuous Scan Mode is used with this
converter, channels can be changed during operation.

Three hardware configurations are possible:

Configuration A
-161 High Performance A/D Converter
-163 RTD/Resistance Scanner
-177 RTD/Resistance Input Connector
Configuration B
-161 High Performance A/D Converter
-162 Thermocouple/DC Volts Scanner
-175 or -176 Input Connector
-164 Transducer Excitation Module
-174 Transducer Excitation Connector
Configuration C
-165 Fast A/D Converter
-175 or -176 Input Connector
-164 Transducer Excitation Module
-174 Transducer Excitation Connector

Configuration A provides three ranges: 256, 2048, and
64000 ohms. Configurations B and C provide two ranges:
64 and 512 ohms. For all configurations, lower ranges
yield higher resolution.

Examples

DEF CHAN(803) = RESIST
DEF CHAN(30..37) = RESIST, MAX = 300

See Also

Section 6, Measurement Reference: Résistance Measurement
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DEF CHAN Strain Input
STRAIN
Define Strain Input Channel

Format

DEF CHAN(<channels>) = STRAIN, TYPE = <bridge type>
[,<strain parameter>][,RANGE = HI|LO]
[<alarm limits>] [<channel function>]

Syntax Diagram

== DEF CHAN )l chamnel (s) [ = e P DG

(0 —999) {comma)

N strain
TveE (= =P vridgerype "-‘L’G_' parameter 4
(0-5) {comma)

{default)

| alarm channel
fimits function
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DEF CHAN Strain Input

STRAIN
Define Strain Input Channel

Strain Parameter:

(default = 2.0)

(default = 0.2)

VINIT

(default = 0.0)

(default = 4.0)

Description

This command defines specified analog input channels as
strain gauge measurement channels.

All readings are automatically converted into units of
microstrain.

The "TYPE = <bridge type>" expression defines the

bridge configuration to be used. Six bridge types,
illustrated below, are available.
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DEF CHAN Strain Input

STRAIN
Define Strain Input Channel

Type 0. Quarter Bridge

F=====--
+ I3 +
—¢ |
!
| —_—
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€ -1 -
Lo e e =

Type 1. Half Bridge with Equal and Opposite Strains



DEF CHAN Strain Input
STRAIN

Define Strain Input Channel

Fm—————-
* 13 +
-1 !
|
1 -
+"Vmous" Ves
]
1
€ —1 -
Type 2. Half Bridge with One Principle and One
Poisson Strain

Type 3. Full bridge with Two Pairs of Equal and
Opposite Strains
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DEF CHAN Strain Input

STRAIN
Define Strain Input Channel

Type 4. Full Bridge with Two Principle and Two
Poisson Strains

Type 5. Full Bridge with Two Principle and Two
Poisson Strains
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DEF CHAN Strain Input

STRAIN

Define Strain Input Channel

The value of one to four strain parameters can be
set per channel. If a strain parameter value is not
specified, a default value is assigned.

When a strain parameter is changed on a strain channel,
a subsequent redefinition of that channel will use the
same value, unless the constant in question is
redefined or a RESET command is executed.

HI or LO ranges are available. If no range is
specified, "range" defaults to LO, allowing the most
sensitive voltage measurement. If the output of the
strain measurement bridge is expected to exceed 60mV,
then HI range must be specified to prevent saturation.

Example

See

To set up channel 0 to measure strain with bridge type
1 (half bridge with equal and opposite strains) and an
unstrained voltage of 100 microvolts, enter

DEF CHAN(O) = STRAIN, TYPE = 1, VINIT = 0.0001
Also

Section 6, Measurement Reference: Strain Measurement
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DEF CHAN Temperature Input, E;D
D
Define RTD Input Channel

Format

DEF CHAN(<channels>) = RTD, TYPE = <rtd type>
[<alarm limits>] [<channel function>]

Syntax Diagram

Ny Sy W ey @ o
(0-999) (comma)

DIN 385

USER

’ user
(comma ) -

(default)

>
I alarm | | channel I
limits function
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DEF CHAN Temperature Input, RTD

RTD
Define RTD Input Channel

User Parameter:

it

(default)

DELTA

{

Description

This command defines designated analog input channel(s)
as Resistance Temperature Detector (RTD) measurement
channels.

Measurements are in the units specified by the
temperature unit selection (TUNIT) statement.

The "TYPE =" expression specifies the kind of RTD being
used. An RTD type must always be designated. Two standard
types are offered:

o DIN385 for 100 ohms platinum
o CU10 for 10 ohms copper
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DEF CHAN Temperature Input, RTD

RTD
Define RTD Input Channel

In addition, a user-selected type, other than those
listed above, can be specified. With the user type,
four RTD constants must be specified. If a value is not
assigned to an RTD constant, the Front End assigns a
default value. RTD constants and defaults are:

RO = 100.0

Alpha = 3.850E-3
Delta = 1.45

cl = 1.19619E-13

When a constant is changed on an RTD channel, a
subsequent redefinition of that channel will use the
same value, unless the constant in question is
redefined or a RESET command is executed.

If you are using a -161 a/d converter with a -163
scanner, two ranges can be selected. But range
selection is only significant if the RTD Scanner is
used with a 100 ohm platinum RTD. In the LO range, the
maximum temperature is limited to 425 degrees Celsius.
In the HI range, the maximum becomes 600 degrees
Celsius, but the resolution is reduced.

If you are using either the -165 a/d converter or the
-161 a/d converter with -164 module, only one range is
available. With either a/d converter, excitation
current (1 mA) is provided by a Transducer Excitation
Module, and the resulting voltage is computed (ohms ¥
10E-3.) See Section 6H for detailed information on
making RTD temperature measurements with either
hardware configuration.

If Burst Scan Mode is used with the Fast A/D Converter,
RTD temperature input channels cannot be changed during
operation. If Continuous Scan Mode is used with this
converter, channels can be changed during operation.
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DEF CHAN Temperature Input, RTD

RTD
Define RTD Input Channel

Examples

To define channel 30 to measure a DIN 43760 100-ohm
platinum RTD, enter

DEF CHAN(30) = RTD, TYPE = DIN385

To define channels 31 through 35 to measure 100-ohm
platinum RTD, with user-defined constants for
temperatures around 500 degrees Celsius, using an RTD
Scanner, enter

DEF CHAN(31..35) = RTD, TYPE = USER,
ALPHA = 3.92E-3, RANGE = HI
See Also

Section 6, Measurement Reference:
Temperature Measurement Using RTDs
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DEF CHAN Temperature Input, TC

TC
Define Thermocouple Input Channel

Format

DEF CHAN(<channels>) = TC, TYPE = <tc type>
[, RJTEMP = <reference junction temperature>]
[, COMPMV = ON|OFF] [<alarm limits>] [<channel function>]

Syntax Diagram

s DEF CHAN Jmmp| channol (s) e = = (avee == )

(0-999) (comma)

i

channel trigger *
function values

*-165 ONLY

CELLLREE
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DEF CHAN Temperature Input, TC

TC

Define Thermocouple Input Channel

Description

This command defines designated analog input channel(s)
as thermocouple measurement channels.

The expression, "TYPE = <tc type>", indicates the type
of thermocouple to be used. Eleven types of
thermocouples are supported:

TYPE DESCRIPTION

BNBS B Thermocouple, NBS
CHOS C Thermocouple,

Hoskins Wo-5% Re vs Wo-26% Re

ENBS E Thermocouple, NBS
JDIN J Thermocouple, DIN
JNBS J Thermocouple, NBS
KNBS K Thermocouple, NBS
NNBS N Thermocouple, NBS
RNBS R Thermocouple, NBS
SNBS S Thermocouple, NBS
TDIN T Thermocouple, DIN
TNBS T Thermocouple, NBS

Normally, thermocouples are measured with the
Thermocouple/DC Volts Scanner (option -162) combined
with the Isothermal Input Connector (option -175).

Thermocouple temperature measurements can be made with
either the -165 Fast A/D Converter or the -161 High
Performance A/D Converter. Refer to Section 6J for
detailed information about both hardware
configurations.
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DEF CHAN Temperature Input, TC

TC
Define Thermocouple Input Channel

Note that if Burst Scan Mode is used with the Fast A/D
Converter, thermocouple temperature input channels
cannot be changed during operation. If Continuous Sean
Mode is used with this converter, channels can be
changed during operation.

Thermocouples may be terminated in an external
reference junction, from which copper wires extend to a
Voltage Input Connector (option -175, -176, or -160).
If an external reference junction is used, specify the
external reference junction temperature using the
RJTEMP parameter. When specifying the reference
Jjunction temperature, Helios Plus assumes that the
temperature is specified in the temperature units of
the TUNITS system variable; so care should be taken to
set TUNITS to the desired value before defining the
channel.

Readings are usually returned in temperature units.
However, compensated millivolts (COMPMV) can also be
selected on channels where the user does not want built
in linearization.

Examples

To define channels 10 through 15 for J (NBS) type
thermocouple measurement with temperature to be
returned in degrees C, enter

TUNIT = CELSIUS
DEF CHAN(10..15) = TC, TYPE =JNBS

To define channels 40 through 59 as T (DIN) type
thermocouple inputs, with an external reference
Jjunction temperature of 23.Y4 degrees Celsius, enter

DEF CHAN(40..59) = TC, TYPE = TDIN, RJTEMP = 23.4
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DEF CHAN Temperature Input, TC
T
Define Thermocouple Input Channel

See Also

Section 6, Measurement Reference: Temperature
Measurement Using Thermocouples
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DEF CHAN Trigger Value

LOTRIGGER HITRIGGER
Define Trigger Value(s)

Format

DEF CHAN(<channels>) = <channel type>[<alarm limits>]
[,LOTRIGGER=<1low trigger value)]
[ ,HITRIGGER=<high trigger value>]

Syntax Diagram

s> DEF CHAN Jmmtps| chianol (5) [ = )b Ch;::e I ] -r

(0-999) alarm
limits

e
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DEF CHAN Trigger Value

LOTRIGGER HITRIGGER
Define Trigger Value(s)

Description

A Fast A/D Converter that is in Burst Scan Mode can
generate a trigger input when the channel reading
passes specified high and/or low trigger values. This
type of trigger input can be used to modify the burst
scanning activity of the Fast A/D. New trigger values
are used immediately if the Fast A/D is in Burst Scan
Mode. If the Fast A/D is in Continuous Scan Mode,
triggering is disabled, and new trigger values are used
the next time Burst Secan Mode is activated.

NOTE

Trigger values do not interact with alarm
limit values. Detection of a trigger input
(as defined by this command) by the Fast A/D
does not result in any alarm processing (as
defined with the DEF CHAN Alarm Limits
command). For alarm processing to take
place, the channel value must be either
measured by a SEND CHAN command or logged by
a scan task.

Refer to the DEF CHAN Alarm Limits
subsection for a recommendation on
initiating alarm processing during burst
scan operations.

Values defined with HITRIGGER and LOTRIGGER must be
within the range accepted by the channel(s) mentioned
in the same command string. An error is returned if
this rule is not observed.



DEF CHAN Trigger Value

LOTRIGGER HITRIGGER
Define Trigger Value(s)

Ranges for each function are defined in the Helios Plus
Specifications. Based on this range information, some
HITRIGGER/LOTRIGGER examples would be:

o A KNBS thermocouple, which Helios Plus expects to
measure in degrees C., cannot have a HITRIGGER
above +1350 or a LOTRIGGER lower than -273.

0 A dc voltage input HITRIGGER value cannot exceed
the channel's range value. If the MAX parameter is
used in the dc voltage channel definition, the
lowest range acceptable to the MAX value is used.
Therefore, if MAX = 0.8, 8V is the range and
HITRIGGER cannot exceed 8.0. If MAX = 0.4, the
range is 512 mV and HITRIGGER cannot exceed 0.512.
If MAX is not used, the highest dc voltage range is
used.

Triggering and Channel Functions

Although HITRIGGER/LOTRIGGER and channel functions
(TABLE, POLY, or SQR) can be defined for the same
channel, the channel function must follow some special
rules so that a value expected by the trigger
definition remains available. Mathematical reversals of
the channel function are used for this purpose and are
fully described in the DEF CHAN (Channel Function) area
of this section.

Triggering and Thermocouples

When a trigger is assigned to a thermocouple channel,
the raw direct volts trigger value used by the Fast A/D
Converter may need to change as the temperature of the
isothermal block on the a/d drifts. Refer to the DEF
BSCAN area in this section for a discussion of
maintaining accurate direct voltage trigger values for
thermocouples during such temperature variations.
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DEF CHAN Trigger Value

LOTRIGGER HITRIGGER
Define Trigger Value(s)

Trigger Accuracy

The actual trigger point may vary somewhat from the
HITRIGGER and LOTRIGGER values. This mathematical
variation is function and range dependent, as follows:

FUNCTION RANGE TRIGGER ACCURACY
TC all +0.2 °C
RTD all +0.05°C
DVIN 64 mv +1.0 uv
512 mV +5.0 uv
8v +10 uv
10.5V +1 mV
DCIN 64 mA +1.0 uA
RESIST 64 ohm +2 milliohms
256 ohm +3 milliohms
512 ohm +6 milliohms
STRAIN all +1 micro strain
Example

The following example defines a trigger if the
temperature falls below 100.7 or rises above 123.5
degree C.

TUNIT = CELSIUS
DEF CHAN(10) = TC, TYPE = KNBS, LOTRIGGER = 100.7,&
HITRIGGER = 123.5

Note that actual trigger points may range from 100.5 to

100.9 for LOTRIGGER and from 123.3 to 123.7 for
HITRIGGER.
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DEF CHAN Voltage Input, Alternating

AVIN
Define Alternating Voltage Input Channel

Format

DEF CHAN(<channels>) = AVIN [<alarm limits>]
[<channel function)]

Syntax Diagram

(o o) R D —

(0-999)

AVIN -
|
function
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DEF CHAN Voltage Input, Alternating

AVIN
Define Alternating Voltage Input Channel

Description
NOTE

Alternating voltage inputs cannot be
measured with the -165 Fast A/D Converter.
Error 3 (Incompatible Channel) is returned
if such an attempt is made.

This command defines designated analog input channel(s)
as alternating voltage inputs. Measurement results are
in volts. Alternating voltage input is selected by
entering the keyword AVIN on the define channel(s) (DEF
CHAN) command line. Measurements are in volts. 250V
(rms) is the only range.

Although each analog input module accommodates 20
channels, only the first 10 of each block can be used
for alternating voltage input. This means that the
corresponding channel numbers must fall with a decade
that begins with an even multiple of 10 (for example:
0..9, 20..29, 40..49, ete.).

Example
DEF CHAN(40..49, 60..69) = AVIN
See Also

Section 6, Measurement Reference: Voltage Measurement
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DEF CHAN Voltage Input, Direct
DVIN
Define Direct Voltage Input Channel

Format

DEF CHAN(<channels>) = DVIN [, DIFF | SINGLE]&
[,MAX = <volts>] [<alarm limits>] [<channel function>]

Syntax Diagram

(0-999)

\

(o ) () OIFF
o
) ( . H MAX H = number
(commay) (volts)

alarm i channel i I trigger * i
function

limits function

*-165 ONLY
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DEF CHAN Voltage Input, Direct

DVIN

Define Direct Voltage Input Channel

Description

This command defines designated analog input channel(s)
as direct voltage inputs. Measurement results are in
volts. Direct voltage input is selected by entering the
keyword DVIN on the define channel(s) (DEF CHAN)
command line. Ranges available for the Fast A/D
Converter include: 64 mV, 512 mV, 8V, and 10.5V (or 64V
for the High Performance A/D Converter.)

When measuring direct voltage (DVIN), more accurate
measurements can be made by specifying the range of
expected measurement values with the MAX parameter. To
do this, set MAX to the highest expected measurement
value, in volts. Lower ranges yield higher measurement
accuracy. If MAX is not set, Helios Plus defaults to
the highest range (64V for the High Performance A/D
Converter, 10.5V for the Fast A/D Converter).

The DIFF and SINGLE parameters can be used only for
channels associated with a Fast A/D Converter. If DIFF
and SINGLE are not specified for such channels, a
differential measurement is performed. A mixture of
differential and single-ended channels can be
associated with a single Fast A/D Converter.

o DIFF is specified for a differential measurement
of a pair of inputs. A pair of inputs that are to
be measured differentially must be connected on
input channels numbered n and n+20, where n is
between 0 and 19. For example, with the Fast A/D
Converter address block 100..139, the differential
pairs could range from 100/120 to 119/139. If
either DIFF channel is specified in the DEF CHAN
command, that channel is measured differentially.

5-90



DEF CHAN Voltage Input, Direct
DVIN
Define Direct Voltage Input Channel

o SINGLE is specified for a single-ended
measurement. The a/d converter measures the
voltage difference between an input and the
reference common. Any of the first 40 channels in
a 50-channel group (0..39, 150..189, ete) that is
specified with the DEF CHAN command as SINGLE will
be measured single-ended. It is also possible to
have an input measured as a member of a
differential pair and measured single-ended at the
same time.

If Burst Scan Mode is used with the Fast A/D Converter,
voltage input channels cannot be changed during
scanning. If Continuous Scan Mode is used with this
converter, channels can be changed during operation.

Examples
DEF CHAN(O) = DVIN
DEF CHAN(20..29) = DVIN, MAX = 0.8
(The system selects the 8V range because the 0.512V
range cannot accommodate 0.8V)
DEF CHAN(2..10,12..18) = DVIN, SINGLE
(Channels 2 through 10 and channels 12 through 18 are

defined for direct voltage single-ended measurement)

See Also

Section 6, Measurement Reference: Voltage Measurement
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DEF SBUF
Define Scan Buffer

Format
DEF SBUF(<scan task number>)=<buffer size>

Syntax Diagram

——(0Er 58U} (oo (T D o [

(0-3) (0-32767)

Description

This command defines a scan buffer for storage of scan
data. When a scan buffer is defined, space for <buffer
size> records of scan data is allocated in Helios Plus
memory. Each scan record contains data about a single
scan, which includes: the date and time of the scan,
the scan task number, the number of channels scanned,
the channel numbers of the channels scanned, the
channel measurements, and the status of each of the
channels at the time of the scan. Scan data is stored
in a scan buffer whenever a scan task is executing,
which sends its output to a scan buffer.

Before you define a scan buffer, first use the DEF SCAN
command to define the scan task associated with the
scan buffer; for example, define scan task zero before
scan buffer zero. If a scan task is defined after its
associated scan buffer is defined, the scan buffer
definition is erased. A scan buffer definition may

also be erased by defining a scan buffer with a buffer
size of zero.
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DEF SBUF
Define Scan Buffer

Scan records may be read from the scan buffer by using
the SEND SBUF command or a version of the SHOW SBUF
command. SEND SBUF removes scan records from the scan
buffer, while the SHOW SBUF commands do not. Generally,
scan data is read from the scan buffer in the same
order as it is entered. Exceptions occur with SHOW
FIRST SBUF, which reads the oldest record, SHOW AGAIN
SBUF, which repeats the most recently shown record, and
SHOW LAST SBUF, which reads the newest record.

If a scan buffer is filled, scan task data will
continue to be logged to the scan buffer, with the
oldest records being overwritten by the newest records.
The Helios Plus system variable STATUS will also be set
to indicate that a buffer overrun has occurred.

Example

See

Define a 60-record scan buffer.

DEF SCAN(1)
DEF SBUF(1)

CHAN(O0..19,40..119)
60

nn

With the SCAN definition of 100 channels (20+80), the
buffer reserves room for 60 ¥ 100 = 6000 measurement
values.

Also

SEND SBUF

SHOW SBUF

SHOW FIRST|LAST|AGAIN SBUF
RESET SBUF

DEF SCAN

START SCAN

STOP SCAN
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DEF SCAN
Define Scan Task

Format
DEF SCAN(<scan task number>)=CHAN (<channel(s)>)
[ ,MAX(<channel(s)>)] [,MIN(<channel(s)>)]
[,AVG(<channel(s)>)] [,TOT(<channel(s)>)]

Syntax Diagram

——.@EF SCAN ( )—bliber]—.c ) H =

(0-3)

! CHAN channel(s) ‘

(0-999)

Mm channel(s)

(comma) (0-999)
—LDL,_)—-( MN =l channl(s) }L
(comma) (0-999)

(comma) (0-999)
—LG—.( TOT )—->| channel(?l-L
(comma) (0-999)
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DEF SCAN
Define Scan Task

Description

This command defines a scan task. A scan task is a
program that executes on Helios Plus and measures a set
of channels on a periodic basis. Measurement data from
a scan task is sent to an output device. The output
device that is permissible depends on math function
definitions, as follows:

o Scan task measurement data that does not have MAX,
MIN, AVG, or TOT defined may be sent to a host
computer, the printer port, or a scan buffer.

o] Measurement data from a scan task defined with
math functions (MAX, MIN, AVG, or TOT) can be send
only to a scan buffer.

Scan tasks can be defined for channels associated with
either the High Performance A/D Converter or the Fast
A/D Converter. However, a special consideration must be
made for use with the Fast A/D Converter. DEF SCAN
cannot send meaningful data for channels that have been
configured for external trigger input/output (via a
jumper on the Fast A/D Converter). Only the 1st and
21st channel within an address block reserved by a Fast
A/D Converter can be so configured. Error 55 is
returned if DEF SCAN is used for these channels.

Channel values can be represented in different ways
using the following math functions:

o MAX
The value shown for each channel represents the

highest sampled value for that channel during the
specified scan period. '
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DEF SCAN
Define Scan Task

o MIN

The value shown for each channel represents the
lowest sampled value for that channel during the
specified 'scan period.

o AVG

The value shown for each channel represents the
average of all sampled values for that channel
during the specified scan period.

0 TOT

The value shown for each channel represents the
total of all sampled values for that channel
during the specified scan period.

Three commands control the use of scan tasks. The DEF
SCAN command described here assigns a set of channels
to a scan task. START SCAN starts the execution of a
scan task and specifies the period (in number of scans)
required by the MAX, MIN, AVG, and TOT functions. STOP
SCAN terminates the execution of a scan task. When scan
data is output to a scan buffer, use commands DEF SBUF,
SEND SBUF, and SHOW SBUF to define and read from the
scan buffer.

Scan tasks must be defined before they can be executed.
When using a scan buffer to store scan data, the scan
task must be defined before the scan buffer is defined;
defining a scan task erases any existing definition of
the associated scan buffer. Up to four scan tasks may
be defined and executed. Scan tasks are identified by
their scan task number, which may be 0,1,2, or 3. When
executing multiple scan tasks simultaneously,
scheduling conflicts are resolved by scan task
priority. The scan task priority is determined by the
scan task number (lower numbers have higher priority.)
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DEF SCAN
Define Scan Task

Examples

See

The definition for a single scan of channels O through
13, 20, and 300 through 349 would appear as:

DEF SCAN(1) = CHAN(0..13, 20, 300..349)
DEF SBUF(1) = 10
START SCAN(1), OUTPUT=SBUF(1), INTERVAL=600

Values from these channels are placed in scan buffer
number 1 over a 10-minute (600-second) interval.

Using some math functions, a single scan of channels 10
through 14 and 100 through 104, with overall average,
maximum, and minimum values would appear as:

DEF SCAN(0) = CHAN(10..14, 100..104), AVG(10..14,
100..104), MAX(10..14, 100..104), MIN(10..14, 100..104)
DEF SBUF(0) = 10

START SCAN(0), OUTPUT=SBUF(0), INTERVAL=600, PERIOD=6

It is also important to note the additional PERIOD
parameter in this START SCAN statement. This parameter
is essential for meaningful assessment of math

function (MAX, MIN, AVG, TOT) values in any associated
scan definition statement. In this example, a period of
six scan intervals of ten minutes each is scanned, for
a total of one hour.

Also

DEF SBUF

START SCAN

STOP SCAN

SHOW SBUF

SHOW FIRST|LAST|AGAIN SBUF
SEND SBUF
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DEF TABLE
Define Interpolation Table

Format

DEF TABLE(<table number>) = <x1>,<y1>/<x2>,
<y2> [.../<xn>,<yn>]

Syntax Diagram

—p(oEF TABLE )—.L( H table number H ) —

(0-99)

(number) (number)

Iy xN (. =l vn

(slash) {number) (comma) (number)

Description

This command creates a user-defined interpolation
table.

Up to 100 tables (numbered O - 99) can be created.
These tables provide the user a transfer function
which, when used on input channels, allows the measured
value to be transformed to a user-specified value. On
output channels, the transformation takes place before
the output channel is set.
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Define Interpolation Table

The contents of a table are entered as pairs of
numbers, representing X,Y coordinates in a Cartesian
system. Input values are along the X-axis and output
values are along the Y-axis.

At least two pairs must be entered to define a valid
table. Table size is limited only by available memory.
Each pair consists of an input value and an output
value, separated by a comma. Pairs are separated by a
slash (/). The pairs must be entered in ascending order
for the input values.

If the input falls between input value points in the
table, a linear interpolation is used to determine its
output. If the input falls outside the table, then a
linear extrapolation is performed.

If a table definition is too long to fit on a single
line, the definition can be continued on the next line,
beginning with "DEF TABLE (<table number>) = /".

All input/output values for a given table can be viewed
with the LIST TABLE (<table number>) command. The first
line returned indicates the number of input/output
entries in the table. Each subsequent line shows one or
more input/output pair of values.

Examples

Let's measure pressure using a transducer (output 0.1
to 0.2 volts, corresponding to 1 to 20 kilopascals).

The relationship between pressure and output voltage is
not linear. The Front End will perform a linearization
if a table is defined and the channel function option
(CHFN) is included on the DEF CHAN c¢ommand line.
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Define Interpolation Table

A legal table for this linearization could be:

DEF TABLE(0) = 0.1,1/0.12,3/0.14,6/0.16,10
DEF TABLE(0) = /0.18,15/0.2,20

The accompanying channel definition would be:

DEF CHAN(O) = DVIN, MAX = 0.2, CHFN = TABLE(O)
Suppose we want to use the unipolar voltage output of
an analog output channel so that the output reflects
some linear relationship with the value we want to
apply. Assume these values range from -100 to +500 and

the actual output ranges 0 through 10. The table must
be defined as follows:

DEF TABLE(3) = -100,0/500,10
The accompanying channel definition would be:

DEF CHAN(100) = UNIPOLV, CHFN = TABLE(3)
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EOL
Set End-of-Line System Variable

Format
EOL = <character value>[,<character value)>...]

Syntax Diagram

m a ASCI! characters >

(1-127)

(comma)

(five characters maximum)
(default = 13, 10=<CR>,<LF>)

Description

The EOL system variable is appended to each line sent
from the Front End (in computer or terminal mode) to
the host computer.

The <character value> parameters are the decimal values
for the ASCII characters, in order, that are appended
to each line. A maximum of five characters, separated
by commas, is allowed.

The default EOL value is 13, 10 (representing carriage

return, line feed). Characters 1 through 127 can be
set; NUL (decimal 0) cannot be set.’
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FORMAT
Set Format System Variable

Format

FORMAT = DECIMAL|HEX|BINARY|XASCII|XBINARY|XDECIMAL | XHEX

Syntax Diagram

FORMAT

(default)

hg G0 g
N>(xamarv)—]
g EEID g
(e )

There is no relationship between the FORMAT system
variable and the FORMAT parameter of the LABEL CHAN
statement.



FORMAT
Set Format System Variable

Description

This variable determines the format in which various
measurements are returned in response to commands. The
available formats are: decimal, binary, hexadecimal,
extended ASCII, extended decimal, extended binary, and
extended hexadecimal. The system default is decimal.

DECIMAL FORMAT

The decimal format (DECIMAL) is a general purpose
format and should be supported by most hosts. It
consists of an ASCII representation of a measurement in
the following generic form,

{SY<XD . (XXXXXOE><+ | -><yy><EOL>

where <s> is a space or minus, <x> is a digit between 0
and nine, and <yy> is the exponent. Each measurement
requires 12 bytes plus the end-of-line sequence.

HEXADECIMAL FORMAT

In hexadecimal format, each measurement value is sent
as 8 hexadecimal characters, followed by the
end-of-line character sequence. Measurement values are
represented in Helios Plus as 32 bit floating-point
numbers, which conform to the IEEE standard for
single-precision numbers. Each hexadecimal character
represents 4 bits of the floating point number. The
first hexadecimal character represents bit 0 to 3, ete.
When the Helios Plus system variable EOL has its
default value (EOL=13,10), each measurement sent
requires 10 bytes of output as illustrated below.
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Set Format System Variable

Character Bits Represented

1 0-3

2 b -7
3 8 - 1
L 12 - 15
5 16 - 19
6 20 - 23
7 24 - 27
8 28 - 31
9 <CR>

10 <LF>

(characters 1 - 8 take the value 0 - F)
BINARY FORMAT

Binary format (BINARY) is also a direct representation
of the IEEE standard format for single-precision
floating-point numbers. Four bytes are sent directly to
the host, allowing for the quickest transfer of data to
the host. When sent, each byte is comprised of the
following bits:

Byte 1 = bits 0 through 7
Byte 2 = bits 8 through 15
Byte 3 = bits 16 through 23
Byte 4 = bits 24 through 31

o Bit O is the sign bit (S). If set to 1, the number
is negative.

o Bits 1 through 8 represent the binary exponent (E)
offset by +127.
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Set Format System Variable

o Bits 9 through 31 represent the 23-bit mantissa
(Y). Note that the mantissa is normalized (shifted
to the left to eliminate leading zeros and the
first one bit).

Example

Illustrated below is the translation of an IEEE binary-
formatted number to decimal format.

SIGN  OFFSET
BIT  EXPONENT  MANTISSA (without hidden bit)

0 10000010 0100000 00000000 00000000
0 1 8 9 . 31

Since the sign bit is zero, the number is positive. The
binary exponent is given by:

Binary Exponent = Offset Exponent - Offset

10000010 (binary) - 127

130 - 127
=3
The mantissa is given by:

hidden bit (=1), plus bits 9-31

Mantissa = 1.01000000000000000000000 (binary)

.625
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Set Format System Variable

Finally the decimal representation of the number is:

625 * 23

Decimal Number
=5

When sending binary formatted data to the IBM-PC, care
should be taken to account for the differences in
floating-point representations. There are two common
floating-point formats used on the IBM-PC: the
Microsoft floating-point format and the IEEE
floating-point format. In each case, conversion of
floating-point representations is required.

The IBM-PC stores the least significant bits in the
first byte, while just the opposite is true for Helios
Plus. So, for IBM-PC computer languages that use the
IEEE standard, convert Helios Plus binary formatted
numbers to IBM-PC formatted numbers by reversing the
byte order. Some of the computer languages that use the
IEEE standard are Microsoft C, Microsoft QuickBASIC 3.0
(if the PC has a math coprocessor), Turbo Pascal, and
Turbo BASIC.

The byte order must also be reversed for the Microsoft
floating-point format. Also, the Microsoft
floating-point format uses an exponent offset of +128,
instead of +127; the sign bit is bit 8 instead of bit
0; and the exponent is in bits O to 7, instead of 1 to
8. Some of the computer languages which use the
Microsoft floating-point format are IBM compiled BASIC
and Microsoft QuickBASIC 2.0.

* IBM and IBM PC are registered trademarks of IBM Corporation

* Microsoft and QuickBASIC are registered trademarks of Microsoft Corporation
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Set Format System Variable

XASCII FORMAT

The XASCII format is a general purpose format intended
to be used in TERMinal mode. The following example
shows the text output by Helios Plus when the XASCII

format has been selected:

chan (<nnn>) <value> <status><EOL>
where<value> is <s><x>.<XXXXXDE<+|-><yy>

<{nnn> is the channel number in decimal, <s> is a space
or minus,<x> and <y> are digits between 0 and 9, and
(status> is a status message that indicates the status
of the measurement:value.

XBINARY, XDECIMAL, and XHEX FORMATS

These formats represent numbers the same way as BINARY,
DECIMAL, and HEX formats. For measurements, the channel
number precedes the channel value, followed by

the channel status.
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HOSTTO
Set Host Timeout System Variable

Format
HOSTTO = <time interval>)

Syntax Diagram

time in
HOSTTO —D@-—b seoands >

(0-64000)

Description

This variable allows the user to set the Host Timeout
value in seconds. If the host did not send any
character during the specified time, then all
information on alarms that change status is sent to the
printer port. A timeout value of zero indicates that
this feature is turned off (default condition).

Examples
HOSTTO = 120 <CR> Timeout after 2 minutes of no
reception.
HOSTTO = 0 <CR> Timeout feature is disabled.
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INTERRUPT
Set Interrupt System Variable

Format
INTERRUPT = ON | OFF

Syntax Diagram

INTERRUPT

Description

This variable is used to enable or disable reporting of
changes of Helios Plus status to the host. If the
variable is set ON, any change of system status is
automatically reported to the host. This is
accomplished by asynchronously transmitting the new
value of the STATUS system variable (in decimal
format), followed by the end-of-line sequence. Default
is off.

Example

Interrupt the host for any change in Helios Plus
status:

INTERRUPT = ON <CR>
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Set Interrupt System Variable

NOTE

Take care when using this function in a
multidrop mode. Multiple Helios Plus Front
Ends could try to return status information
at the same time, resulting in lost data.
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LABEL CHAN
Label Printer Port Output Format

Format
LABEL CHAN(<channels>) ="<label>"[, UNITS="<units>"]
[, FORMAT=<format>] [, CTRL=<string>]
[, NUMBER=<number>]

Syntax Diagram

-—.&mﬂ—. channeli(s) —p@-. "label”

(comma)

(comma)

string L
{comma)

o
{comma)
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Label Printer Port Output Format

Description

The LABEL CHAN statement permits customization of the
printer port output value. For example, a
non-customized output of

CHAN 9 9.50000E02
could be transformed into
HEATER 1 950 DEG C

The output sent to the printer port is constructed as
follows:

<etrl><label><value><units><status><eol>
Unique features of the LABEL CHAN statement are:
o "<label>"

The label string can be used to identify a channel
Wwith a name describing that channel's function.
For example, a channel measuring operating
temperature of an engine could be labeled "ENGINE
9". The label string is also used for any alarm
data sent to the printer port.

The label string must be composed of printable
characters, all of which are enclosed in quotation
marks. The string may total nine characters or
less, but the output space reserved for the string
will always be exactly ten characters in length.
Strings of less than nine characters will be
left-justified in the output, with space
characters filling out the field.
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Label Printer Port Output Format

Finally, where multiple channels are specified in
the LABEL CHAN statement, a "#" symbol can be used
in the string to further customize each output to
a specific channel. Each "#" symbol causes
substitution of one channel number digit,
beginning from the left. Therefore, three "#"
symbols must be used to substitute three-digit
channel numbers. For example, LABEL

CHAN(9, 14)="ENGINE ##" produces labels:

ENGINE 9
ENGINE 14

UNITS

The UNITS string can be a maximum of six
characters in length and must be enclosed in
quotation marks. The output space reserved for
this string is always six characters with spaces
filling out the right side of smaller strings. The
UNITS string is appended to both secan and alarm
information sent to the printer port.

FORMAT

This parameter specifies output value decimal
point placement in fixed (F) or engineering (E)
notation. The number following the F or E (0 .. 5)
specifies the number of digits to the right of the
decimal point. The formatted value is printed
right-justified (as shown below) in a 12-character
field. With the fixed (F) formats, leading zeros
are not displayed.
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Label Printer Port Output Format

The following specifications can be used:

Specification Output Format

FO sXXXXXXX

F1 sXXXXXX.X

F2 sXXXXX.XX

F3 sXXXX.XXX

F4 sXXX.XXXX

F5 sXX. XXXXX

EO sX.EsXX

E1 sX.XEsXX

E2 sX.XXEsXX

E3 sX.XXXEsXX

EY sX.XXXXEsXX

E5 sX.XXXXXEsXX
Initial "s" = sign, only "-" printed
"Es" = engineering notation and sign

o CTRL

This parameter consists of up to eight decimal
codes. Each code represents an ASCII character in
a standard escape sequence used for output cursor
positioning on a crt. A semi-colon (;) separates
decimal character codes.

Five cursor-positioning escape sequences used with
the Fluke 1020 terminal are presented below.
Escape sequences required by other terminals may
differ, and additional terminal-specific sequences
may be available. Refer to documentation provided
with your terminal for more information.
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Label Printer Port Output Format

ESCAPE SEQUENCE | EQUIVALENT HELIOS PLUS DECIMAL STRING
Move Cursor to Absolute Position

<ESC>[<pl>;<pe>H | CTRL=27;91;53;59;48;52;u8;72
(moves to line 0, column 40)

Move Cursor Forward

<ESC>[<pn>C | CTRL=27;91;49;48;67
(move 10 characters forward)

Move Cursor Backward

<ESC>[<pn>D | CTRL=27;91;53;68
(move back 5 characters)

Move Cursor Up

<ESC>[<pn>A | CTRL=27;91;48;50;49;65
(move up 21 lines)

Move Cursor Down

<ESC>[<pn>B | CTRL=27;91;49;50;66
(move down 12 lines)

<pl> = line number
<{pe> = column number
<pn> = number of characters to move

Refer to Appendix 9c for a complete listing of
ASCII decimal codes.
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Label Printer Port Output Format

o NUMBER

The NUMBER parameter can be used in conjunction
with the label string's "#" symbol. NUMBER
overrides the related channel number, specifying a
unique starting point for the series of channel
labels. For example, LABEL CHAN(9,14)="ENGINE #",
NUMBER=1 yields:

ENGINE 1
ENGINE 2

Examples

The following example returns a two-decimal place
reading in degrees C, labeled for CHAMBER 1.

LABEL CHAN(19)="CHAMBER 1", UNITS="DEG C", FORMAT=F2
A response from this channel could be:

CHAMBER 1  23.44 DEG C
The next example returns a series of four two-decimal
place readings in degrees C, labeled for HEATER 1
through HEATER 4.

LABEL CHAN(O..3)="HEATER #", UNITS="DEG C", FORMAT=F2,&
NUMBER =1

Possible responses are:
HEATER 1 90.33 DEG C
HEATER 2 91.09 DEG C

HEATER 3  92.82 DEG C
HEATER 4  90.98 DEG C
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LINEFR
Set Line Frequency System Variable

Format
LINEFR = 50 | 60 | 400

Syntax Diagram

° frequency o

(50,60,400)

Description

The AC power line frequency is set in order for the A/D
converters to provide the maximum noise rejection. A
frequency of 50, 60 or 400 Hz can be assigned. The
default frequency is determined by the 50/60 Hz switch
on the Computer Interface Assembly. The line frequency
does not affect the internal clock, which is crystal
controlled. A valid LINEFR value causes the A/D
converters to be calibrated correctly.
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LIST ABUF
List Alarm Buffer Definition

Format
LIST ABUF

Syntax Diagram

LIST ABUF

Description (Computer Mode)
This command returns the size of the alarm buffer in
number of records. Note that no information is given

about the number of records actually stored in the
buffer.

Description (Terminal Mode)

In Terminal Mode the size of the alarm buffer is
returned in the following form.

abuf = 25

This means that an alarm buffer capable of storing 25
alarm records has been defined.
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LIST ABUF
List Alarm Buffer Definition

Example (Computer Mode)
After receiving the commands
MODE = COMP <CR>
DEF ABUF=25 <CR>
LIST ABUF <CR>
Helios Plus returns
25
Example (Terminal Mode)

After receiving the additional commands

MODE = TERM <CR>
LIST ABUF <CR>

Helios Plus returns
abuf = 25
See Also
SEND ABUF

SHOW ABUF
SHOW FIRST|LAST|AGAIN ABUF
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List Burst Scan Definition

Format
LIST BSCAN (<Fast A/D Converter number>)

Syntax Diagram

—(_ usTBSCcAN )—>®—> @?@3’8) —> C ) g

Description

LIST BSCAN retrieves the burst scan characteristics (as
established with the DEF BSCAN command) for the
specified Fast A/D Converter. If no scan
characteristics have been defined, the default burst
scan characteristics are returned.

Computer Mode Response

In computer mode, a listing with the following fields
separated by commas is returned.

Field 1 = Fast A/D Converter number
Field 2 =
0 (1st and 21st channels configured for

measurement)

1 (1st and 21st channels configured for
external trigger 1/0)
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List Burst Scan Definition

Field 3 =
0 (no external trigger type)
1 (HILO external trigger type)
2 (LOHI external trigger type)
4 (HI external trigger type)
8 (LO external trigger type)

(Field 3 can also be the OR'd value of more
than one external trigger type.)

Field 4 = number of scans to filter trigger inputs

Field 5 = number of scans to acquire after a
trigger event

Field 6 = time between scan starts in milliseconds

0 (calibration off)
1 (calibration on)

Field 7

<EOL>

Each of these fields is an ASCII string. Formats and
ranges for fields 3 through 5 are the same as specified
in the DEF BSCAN command.

Terminal Mode Response

In terminal mode the listing of the information is
returned in a more readable form.

bscan(<Fast A/D number>),

jumper = measure|xtrig

xtrigtype = lolhillohilhilo,
filterent = <number of scans>,
trigpos = <number of scans>,
scaninterval = <time in milliseconds>
cal = on|off
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List Burst Scan Definition

Example 1

The following command example defines burst scanning
Wwith external triggering and assumes that the Fast A/D
Converter is configured (via hardware jumper) for
external trigger inputs and outputs:

DEF BSCAN = FAD(15), XTRIGTYPE = HILO,&
XTRIGTYPE = LOHI, FILTERCNT = 12, TRIGPOS = 60,&
SCANINTERVAL = 30, CAL = OFF

LIST BSCAN(15)

The returned information in computer mode is:
15,1,3,12,60,30,0

The returned information in terminal mode is:
bscan(15), jumper = xtrig, xtrigtype = lohi,hilo

filterent = 12, trigpos = 60, scaninterval = 30,
cal = off

Example 2

The next example assumes that the following channel
definition has already been made:

DEF CHAN(150..154) = DVIN, MA 0.5,%

HITRIGGER = 0.3, LOTRIGGER = 0.2
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List Burst Scan Definition

Example 2 builds on this channel definition with a
burst scan definition that uses channel value
triggering (rather than external triggering); the Fast
A/D Converter is configured via hardware jumper for
measurement rather than external trigger input/output.

DEF BSCAN = FAD(15), FILTERCNT = 5, TRIGPOS = 30,&
SCANINTERVAL = 75, CAL = ON

LIST BSCAN(15)

The response in computer mode would be:
15,0,0,5,30,75,1

The response in terminal mode would be:
bscan(15), jumper = measure, xtrigtype = none

filterent = 5, trigpos = 30, scaninterval = 75,
cal = on
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List Channel Definition

Format
LIST CHAN (<channels>)

Syntax Diagram

(0-999)

Description

This command returns a listing of the definitions of
designated channels.

Each listing describes both hardware configurations and
software channel definitions. The form in which a
listing is returned depends on whether the front end is
operating in the Terminal (TERM) or Computer (COMP)
mode. Explanations of channel listing formats in
Terminal and Computer Mode follow on separate pages.
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LIST CHAN
List Channel Definition, Computer Mode

Computer Mode

In the Computer Mode, the LIST CHAN command returns a
single line with the number of channels in the list.
This is followed by one or more lines for each channel
in the list. The first line returned for each channel
consists of six numeric fields. Fields are separated by
commas. Each field represents a hardware configuration
or element of a channel definition. Additional lines of
data, when present, represent user-defined parameters,
alarm limits parameters, channel function parameters or
combinations.

The data returned in the fields of the first line are:

Field 1 = Channel Number

Field 2 = I/0 Card

Field 3 = I/0 Sub-type

Field 4 = Analog Input/External Trigger Definition
Field 5 = Sensor/Range or Mode Selection

Field 6 = Channel Function and Limits Flags

Field 1. The number in this field identifies the
channel number whose definition is listed on the same
line.
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List Channel Definition, Computer Mode

Field 2. Represents the installed hardware associated
with that channel. A number from O to 4 will be
returned.

Field 3. Represents a further definition of the
installed hardware defined by Field 2. The meaning of
the number in this field varies, according to the
installed hardware option, as shown in the following
table.

Field 4. This field is meaningful for analog input
channels or for channels configured (via hardware
jumper on the Fast A/D Converter) for external trigger
input/output. Otherwise, the value in the field is
always zero (0). The meaning of the value in this field
is shown in the following table.

Field 5. Has meaning only if the channel is an Analog
Input or Analog Output channel. Field 5 provides
additional information about the analog channel. Fields
5 and 6 are always O for XTRIGIN and XTRIGOUT.
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List Channel Definition, Computer Mode

FIELD 2 FIELD 3 FIELD 4
0 (none)
1 Analog Input 0 -161,-162/-175 0 undefined
(-161 A/D) 1 -161,-162/-176 1 DVIN
2 -161,-163 2 RID
3 3 STRAIN
4 -161,Y2056 Cal 4 RESIST
5 -161,-164 5 DCIN
6 AVIN
7 CAL
8 TC
9 TC, COMPMV
10 TC, RJTEMP
11 TC, COMPMV/R
6 Analog Input 0 -165/-175 0 undefined
(-165 A/D) 1 -165/-176 1 DVIN
2 -165,-164 2 RTD
3 STRAIN
4 RESIST
5 DCIN
6 undefined
7 undefined
8 TC
9 TC, COMPMV
10 TC, RJTEMP
11 TC, COMPMV/R
12 XTRIGIN
13 XTRIGOUT
2 Digital I/0 0 STATOUT 0
1 STATIN
2 BINARY
3 BCD
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List Channel Definition, Computer Mode

3 Analog Output O 0

4 Counter/ 0 TOTAL 0
Totalizer 1 FREQ

FIELD 5

(Field 5 is not used if Field 4 = CAL - 7, XTRIGIN -
12, or XTRIGOUT - 13.)

TC | DVIN I Analog Output
l : [
(Field 4= | (Field 4=1) I (Field 2=2)
8,9,10,11) | |
l |
I A/D Converter |
| l
|7 =161 | ~165 [
| | |
0 JNBS 64 mv 64 mV differential 0 UNIPOLV
1 KNBS 512 mV 512 mV differential 1 BIPOLV
2 RNBS 8v 8V differential 2 DCOUT
3 SNBS 64V n/a 3 PVOUT
4  TNBS n/a 10.5V differential
5 BNBS n/a 64 mV single-ended
6 CHOS n/a 512 mV single-ended
7 ENBS n/a 8V single-ended
8 NNBS n/a 10.5V single-ended
9 JDIN .
10 TDIN
11 -
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List Channel Definition, Computer Mode

RESIST RTD STRAIN DCIN AVIN
Field 4: 4 2 3 5 6
* * % %%
0 256/64 CU10/L0 0/LO 64mA 250V -
1 20487512 CU10/HI 0/HI
2 64000 DIN385/L0 1/LO
3 - DIN385/HI 1/HI
4 - USER/LO 2/L0
5 - USER/HI 2/HI
6 - - 3/L0
7 - - 3/HI
8 - - 4/L0
9 - - 4/HI
10 - - 5/L0
11 - - 5/HI

* Range with -163 Option/Range with -164
and -162 Option
%% RTD Type/Range
¥%% Bridge Type/Range
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List Channel Definition, Computer Mode

FIELD 6

This field indicates whether user-defined alarm limits
and/or a channel function have been assigned to a
channel, as follows:

VALUE MEANING (n = 1..100)
0 No interpolation table selected
No polynomial function defined
No alarm limits defined
XTRIGIN or XTRIGOUT
n < 128 Interpolation table n-1 selected
No alarm limits defined
128 Polynomial function only
256 Alarm limits only
512 Square root function only
1024 Additional trigger information. (For -165
Fast A/D Converter only, 1024 means external
trigger input or trigger value exceeded. No
other FIELD 6 information is returned.)
256+n Alarm limits and interpolation table n-1 are
selected.
256+128 Alarm limits and polynomial function are
(384) selected.
256+512 Alarm limits and square root function are
(768) defined.
1024+256 Alarms limits and additional trigger
(1280) information. '
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List Channel Definition, Computer Mode

User-defined Parameter Line. The next line returned

is the user parameter line. This line is returned only
when the user specifies an RTD type 'USER', or a strain
type, or when a reference junction temperature (RJTEMP)
parameter is specified in a thermocouple (TC)
definition.

The RTD constants RO, ALPHA, DELTA and Cl are
returned for the user-defined RTD.

Gauge factor (K), Poisson factor (NU), initial
voltage (VINIT), and excitation voltage (VEXC) are
returned for STRAIN.

Only reference junction temperature (RJTEMP) is
returned for a TC with a specified reference
junction temperature.

If FIELD 6 returns a value of 1024, an additional line
of trigger information is returned as the last response
in Computer Mode. This information is:

XTRIGIN, XTRIGOUT

1 = HILO <lotrigger value>,<hitrigger value>
2 = LOHI <hitrigger value>,<lotrigger value>
4 = HI <hitrigger value>

8 = LO <lotrigger value>

n = Logical OR of multiple external trigger types

Polynomial Coefficients Line

If no polynomial has been defined, this line is not
sent. The line consists of three fields separated by
commas.

Field 1 = A coefficient
Field 2 = B coefficient
Field 3 = C coefficient
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List Channel Definition, Computer Mode

Example 1 (Computer Mode)

The following example assumes that the Fast A/D
Converter is configured for measurement (and not
external trigger input/output):

DEF CHAN(52,53) = DVIN, SINGLE, MAX = 0.4,&
HI = .312
LIST CHAN(52,53)

In computer mode, Helios Plus responds with:

2
52,6,1,1,5,256
9.99999E+36,-9.99999E+36, 3. 12000E-01,-9.99999E+36, 1.00000E+01,0
53,6,1,1,5,256
9.99999E+36,-9.99999E+36,3. 12000E-01,-9.99999E+36, 1.00000E+01,0

The first line signifies that 2 channels are being
listed. Then, three lines are returned for each of two
channels (52 and 53), as follows:

o Line 1

Channel number (52 or 53)

Fast Analog Input (6)

-176 Voltage Input Connector in use (1)
DVIN measurements (1)

512 mV range (5)

Alarm limits information exists (256)

o] Line 2
Limits (9.99999E+36,-9.99999E+36,3.12000E-01,

-9.99999E+36)
Hysteresis (1.00000E+01,0)
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List Channel Definition, Computer Mode

Remember that default hysteresis is 10% of the span
between highest and lowest alarm limit values. In line
2, the highest limit is 9.99999E+36 and the lowest
limit is -9.99999E+36; the resulting large hysteresis
is not meaningful. In cases such as this, two solutions
are available:

o Set hysteresis to zero, or
o Specify more reasonable, smaller values for all
four alarm limits.

Example 2 (Computer Mode)

The next example assumes that the Fast A/D Converter is
Jumper-configured for external trigger input/output
(and not measurement).

LIST CHAN(50,70)
The Helios Plus response is:

2
50,6,1,12,0, 1024
3
70,6,1,13,0, 1024
3

Channel 50 is a fast analog input (6) on a -165 Fast
A/D Converter using a -176 Voltage Input Connector (1).
This channel is configured as an external trigger input
(12). Note that Field 5 is unused (0) to indicate
external trigger use of this channel. Field 6 (1024)
indicates that there is additional trigger information.
The next line (3) identifies the trigger information.
Here, 3 means 2+1 (HILO + LOHI external triggers.)
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LIST CHAN
List Channel Definition, Computer Mode

Channel 70 is a fast analog input (6) on a Fast A/D
Converter using a -176 hardware option (1). The channel
is configured as an external trigger output (13). Field
5 is unused (0) to indicate external trigger use of
this channel. Field 6 (1024) indicates that there is
additional trigger information. The next line (3)
identifies the trigger information. Here, 3 means 2+1
(HILO + LOHI external triggers.)

Example 3 (Computer Mode)
DEF CHAN(99) = TC, TYPE

LO = 90, HYST = O, CHEN
LIST CHAN(99)

KNBS, HI = 100,&
POLY (1.234E-03, 1, 5.67)

The returned listing is:

1

99,1,0,8,1,384

9.99999E+36,-9.99999E+36, 1.00000E+02,9.00000E+01,
0.00000E+00, 0

1.23400E-03, 1.000000E+00,5.67000E+00

This first line indicates the following:

99 channel number
1 -161 High Performance A/D Converter
-162 Thermocouple/DC Volts Scanner and
-175 Isothermal Input Connector.

8 thermocouple measurements
1 KNBS type thermocouple
384 (256+128) indicates that both alarm

limits and a polynomial function have
been defined. Limit values not defined
in the limit list of the channel
definitions are replaced by their
default value (+/- 9.99999E+36).
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List Channel Definition, Computer Mode

The second line then indicates that a HI alarm limit of
100 degrees and a LO alarm limit of 90 degrees with a
0% hysteresis has been specified (units of degrees are
determined by the TUNIT command and are not reflected
in the channel listing). The third line indicates that
the following polynomial has been specified:

.001234x% + x + 5.67
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LIST CHAN
List Channel Definition, Terminal Mode

Terminal Mode

In the Terminal Mode, channel definition data are
returned as alphabetic, rather than numeric, strings,
making them more readily understandable. All responses
begin with an I/0 device category.

o All responses begin with an I/0 device category.
aichan: -161 (High Performance A/D)
iso: -162/-175
v/i: -162/-176
r: -163
faichan: -165 (Fast A/D)
iso: -175
v/i: -176
NOTE

If the Fast A/D Converter is jumpered for
external trigger input/output and the
related 1st or 21st channel is listed, the

next response is:

,def=xtrigin|xtrigout
,Xtrigtype=nonelhi|lo|lohilhilo

If a trigger value has been specified for this channel,
the following additional trigger information line is
returned:

lotrigger=<value>,hitrigger=<value>
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List Channel Definition, Terminal Mode

If only one trigger value has been specified, the
default value is returned for the other trigger value.
The defaults are:

lotrigger: -9.99999E+36
hitrigger: +9.99999E+36

If no trigger value has been specified, the
lotrigger/hitrigger response line is not returned.

Other 1/0 device categories are:

dgchan: -168

statin: -179 as status inputs

statout: -169

binary: -179 as binary input

bed: -179 as BCD input
aochan: -170

unipolv: as 0 to 10V output
bipolv: as -5 to 5V output
dcout: as 4 to 20 mA output
pvout: as 0 to 100% output

ctchan: -167

total as totalizer input
freq as frequency input
o The channel number is identified in the

parentheses associated with the device category.

o The hardware type is identified for the specified
channel. Type is defined by the installed option
assembly and, in several cases, by switch settings
on those assemblies.

o] The analog input measurement is listed.
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LIST CHAN
List Channel Definition, Terminal Mode

The external trigger definition for this channel
is listed, as follows:

,Xtrigtype=none
or
,xtrigtype=1lolhi|lohilhilo
For the Fast A/D Converter, the following

measurement range and type information is
available:

range = 64 mV differential
range = 512 mV differential
range = 8V differential

range = 10.5V differential
range = 64 mV single-ended
range = 512 mV single-ended
range = 8V single-ended

range = 10.5V single-ended

In Terminal Mode, the trigger definition for the
Fast A/D Converter is appended onto the other
channel limits information. This specification
appears as:

lotrigger=<value>
hitrigger=<value>

Additional parameters identifying any further
items specified by the definition are given.
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List Channel Definition, Terminal Mode

Example 1 (Terminal Mode)

The following commands assume that channels 0 and 20 on
the Fast A/D Converter are configured to support
measurement channels:

DEF CHAN(52,53) = DVIN, SINGLE, MAX = 0.4,&
HI = .300, HYST = 0, HITRIGGER = .312
LIST CHAN(52,53)

Helios Plus could respond in terminal mode with:

faichan(52) = V/I, def = dvin, range = 512 mV single-ended
hihi = 9.99999E+36, lolo = -9.99999E+36,
hi = 3.00000E-01, lo = -9.99999E+36
hyst = 0.00000E+00
lotrigger=-9.99999E+36,hitrigger=3. 12000E-01
faichan(53) = V/I, def = dvin, range = 512 mV single-ended
hihi = 9.99999E+36, lolo = -9.99999E+36,
hi = 3.00000E-01, lo = -9.99999E+36
hyst = 0.00000E+00
lotrigger=-9.99999E+36,hitrigger=3.12000E-01

Two channels are listed here. Channels 52 and 53 are
fast analog measurement inputs on a -165 Fast A/D
Converter using a -176 Voltage Input Connector,
measuring direct voltage, using the 512mV single-ended
range, with alarm limits, default lotrigger, and
hitrigger of 0.312V.
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List Channel Definition, Terminal Mode

Example 2 (Terminal Mode)

This example assumes that the Fast A/D Converter is
configured for external trigger I/0 (rather than
measurement) and the following command is sent:

LIST CHAN(50,70)
In terminal mode, Helios Plus responds with:

faichan(50)

V/1, def = xtrigin, xtrigtype = lohi,hilo
faichan(70) =

V/1, def = xtrigout, xtrigtype = lohi,hilo

Again, two channels are listed. Channel 50 is on a -165
Fast A/D Converter using a -176 Voltage Input
Connector. The channel is configured as an external
trigger input with external trigger types of HILO and
LOHI.

Channel 70 is on a -165 Fast A/D Converter using a -176
Voltage Input Connector. The channel is configured as
an external trigger output. Its corresponding external
trigger input on channel 50 has trigger types of HILO
and LOHI.

Note that additional information normally associated

with the LIST CHAN response (measurement range, limit
values, etc) is not returned when the channel is used
for external triggering.
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LIST ERROR
List Error Log

Format
LIST ERROR

Syntax Diagram

—»C LIST ERROR )—->

Description (General)

This command lists the error log, which contains the
errors detected while making measurements with the SEND
CHAN command. The error log may hold up to 20 errors.
If there are more than 20 errors, only the last 20
errors detected will be remembered. Once errors are
listed, they will be removed from the error log.

Description (Computer Mode)

In the Computer Mode, the error log is returned as a
series of lines in decimal format. The first line
consists of a single number, which indicates the number
of errors returned. Each subsequent line represents a
single channel. Each channel line contains two numbers,
separated by a comma: the first indicates the number of
the channel being reported; the second indicates the
error code number. The error code number can then be
looked up in the Error Code List in Section 8 of this
manual.
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List Error Log

Description (Terminal Mode)

In the Terminal Mode, the error log is returned in a
more easily readable form, shown below.

chan(x) <error message>
The "x" field indicates the channel number.
Example (Computer Mode)
The command
LIST ERROR
would return an error log looking something like:

3
30,19
66,15
71,15

This error log reports errors on three channels: error
19 on channel 30, error 15 on channels 66 and 71. In
the Error Code List, Error 15 reads "Out of range,”
meaning that an input was measured that exceeded the
programmed range. Error 19 reads "Over Temperature,"
which means the temperature is outside the range for
the thermocouple or RTD being used.
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LIST ERROR
List Error Log

The Terminal Mode command
LIST ERROR
would return an error log looking something like:
chan(30) - Illegal BCD
chan(68) - Open TC
This means that on channel 30, a BCD digit greater than
9 was present in one or more digit fields of a digital
input; and that on channel 68, a thermocouple is broken
or damaged.

See Also

Section 8, Error Messages
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LIST SBUF
List Scan Buffer Definition

Format
LIST SBUF(<scan task number>)

Syntax Diagram

—. number I-—D( ) Y—>

(0-3)

Description

This command returns the number of records that can be
stored in the scan buffer. It does not return the
number of records that are stored in the buffer or any
scan data. To read scan records from the scan buffer,
use the SEND SBUF command or one of the SHOW SBUF
commands.

The format in which the scan buffer definition is

returned depends on the setting of the Helios Plus
system variable MODE. Refer to the following examples.
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List Scan Buffer Definition

Example (Computer Mode)
After receiving the commands
MODE = COMP

DEF SBUF(1)=60
LIST SBUF(1)
Helios Plus returns
60
Example (Terminal Mode)

After receiving the commands

MODE = TERM
LIST SBUF(1)

Helios Plus returns
sbuf(1) = 60

This means that scan buffer 1 had been defined to
reserve memory for 60 records.
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LIST SCAN
List Scan Definition

Format
LIST SCAN(<scan task number>)

Syntax Diagram

(o sem O e = CO—>

Description (General)

This command returns a listing of the definition of the
designated SCAN task (the SCAN task identification,
number of channel groups and all channel numbers
associated with that particular SCAN task.) The order
in which the channel numbers appear in the list is
identical to the order in the SCAN definition.

Description (Computer Mode)

In computer mode, a listing with the following fields
will be returned.

Field 1 = scan task number

Field 2 = number of channel groups

<EOL>

Field 3 = first channel number of a group
Field 4 = last channel number of a group
<EOL>
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LIST SCAN
List Scan Definition

Fields 3, 4 and <eol> are repeated [Field 2] times.
Fields are separated by commas.

Description (Terminal Mode)
In Terminal Mode, the listing of the definition of the
designated SCAN task will be returned in a more
readable form, as shown below. The order in which the
channel numbers appear in the list is identical to the
order in the SCAN definition.

Example (Computer Mode)
The commands:
MODE = COMP

DEF SCAN(1)=CHAN(0..5,10..15,17,20..39) <CR>
LIST SCAN(1)

result in the following listing:
1,4
0,5
10,15
17,17
20,39
The Terminal Mode command
MODE = TERM
LIST SCAN(1)

would return scan information looking like

scan(1) = chan(0..5,10..15,17,20..39)
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LIST TABLE
List Interpolation Table

Format
LIST TABLE(<table number>)

Syntax Diagram

——p( LIST TABLE ( table number () )

(0-99)

Description (General)

This command returns the contents of a user-defined
interpolation table from the Front End memory. One
table is returned with each command.

The form in which the interpolation table is returned

Will be determined by whether the system is operating
in Computer or Terminal Mode.
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List Interpolation Table

Description (Computer Mode)

In the Computer Mode, the designated table is returned
as a series of (at least) three data lines in the
following format.

n
x0,y0
x1,y1

xn-1,yn-1

The first line consists of a single field, "n", which
indicates the number of pairs in the table.

Each subsequent line consist of pairs of numbers,
separated by a comma (,). These numbers are the actual
contents of the table. The first number of each pair is
the input and the second is the corresponding output.
The numbers are represented in scientifiec notation.

Example (Computer Mode)

MODE = COMP
LIST TABLE(19)

returns table 19, which has four pairs, in the
following form

y
1.00000E+00, 1.12345E+00
2.20000E+00,~-3.22453E+00
5.50000E+00,-8.45987E+00
1.00000E+01,-1.23453E+01
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LIST TABLE
List Interpolation Table

Description (Terminal Mode)
In the Terminal Mode, the command, LIST TABLE(table
number), returns the contents of a user-defined
interpolation table in the following form.
table(t) = x0,y0 / x1,y1 / .. / xn-1,yn-1

"t" indicates the table number, while x0,y0 through
xn-1,yn-1 are the contents. Numbers are represented in
scientific notation.

Example (Terminal Mode)

MODE = TERM
LIST TABLE(25)

returns Table 25 in the following form:

table(25)=1.20000E+00, 1.00000E+00/1.20000E+01,3.33333E+00
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MODE
Set Mode System Variable

Format

MODE = COMP | TERM

Syntax Diagram

——(mopEe )—>{(_- TERM >

(default)

Description

See

This variable determines whether Helios Plus operates
in terminal mode (MODE=TERM) or computer mode
(MODE=COMP). Setting MODE affects the way Helios Plus
responds to commands. When MODE=COMP, Helios Plus
responses are compact and easily read by computers.
When MODE=TERM, Helios Plus responses are verbose and
easily read by humans. Computer mode is the default
mode.

Also

Section L4
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RESET RESET ALL RESET CHAN
Reset System or Channel(s)

Format
RESET [ALL | CHAN(<channel[s]>)]

Syntax Diagram

A 4

—>(reser ¢ 7

(0-999)
2 ALL )
Description
RESET causes the Front End to:
o Perform a system self test. If errors are

detected, the highest priority error message is
sent to the host.

o] Clear all channel definitions, interpolation
tables, labels, and the channel list.

o Reset and initialize all I/0 devices. The output
of all status output channels are set to zero and
analog output channels are set to -5V, OV, or L
mA, depending on the output channels.

o Build a list containing all channels.

o Calibrate all system A/D converters.

o Erase the scan task, scan buffer, and alarm buffer
definitions.

5-163



RESET RESET ALL RESET CHAN
Reset System or Channel(s)

RESET ALL causes the Front End to:

o Reset all system variables except TIME$ and DATE$
to default values.

o Clear the error log.

o Execute all of the items in the RESET description.

o Reset alarms.
RESET CHAN(channel[s]) causes the Front End to:

o Reset the channel descriptions of the named
channel(s) to the initial state.

o Clear channel labels defined for the named
channel(s).

NOTE
Use of RESET CHAN during an active burst
scan results in an error (52). Changes in
channel definitions are not allowed during
burst scanning.
Examples
To reset the entire system, enter: RESET ALL
To reset channels 15 through 30, enter
RESET CHAN(15..30)

See Also

Appendix 9d
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RESET ABUF
Reset Alarm Buffer

Format
RESET ABUF

Syntax Diagram

— (DT —

Description

This command removes records that have been previously
read with the 'SHOW ABUF' command.

Exzample

RESET ABUF <CR>
See Also

SHOW ABUF

SHOW FIRST|LAST|AGAIN ABUF
SEND ABUF
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RESET SBUF
Reset Scan Buffer

Format
RESET SBUF(<scan task number>)

Syntax Diagram

s~ RESET  )wmepo{  SBUF

Description

This command removes those records from the designated
buffer that have been previously read with the 'SHOW
SBUF' command.

Example

RESET SBUF(1) <CR>
See Also

SHOW SBUF

SHOW FIRST|LAST|AGAIN SBUF
SEND SBUF
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SEND ABUF
Send Alarm Buffer Data

Format
SEND ABUF

Syntax Diagram

Description
This command returns the oldest record in the alarm
buffer. The alarm record is then deleted from the alarm
buffer.

Each alarm record has six fields of information:

Field 1: Date

Field 2: Time

Field 3: Alarm Type

Field 4: Alarm Parameter 1
Field 5: Alarm Parameter 2
Field 6: Alarm Parameter 3

Fields 4, 5, and 6 are only relevant to certain alarm
types (see the table below) and have undefined values
elsewhere.
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Send Alarm Buffer Data

Field 3 Field 4 Field 5 Field 6
Condition (Alarm (Alarm (Alarm (Alarm
Type) Parameter Parameter Parameter

1) 2) 3)

End-of-Buffer 0 N/A N/A N/A
Cold Start 1 N/A N/A N/A
Warm Start 2 N/A N/A N/A
Status Change 3 Channel # New Status New Value
Host Off-line 4 N/A 1 N/A
Host On-line 5 N/A 0 N/A
Abuf Overflow 6 N/A N/A N/A
Abuf Cleared¥* 7 N/A N/A N/A
Sbuf Overflow 8 Task # 1 N/A
Sbuf Cleared¥ 9 Task # 0 N/A

Where:

'new value' is the channel value at the time of
the channel status change.

'channel #' is the number of the channel that had
a status change.

'new status' is the most recent status of the
channel (see table for channel status codes).

'task #' is the scan task number of the buffer
that changed status.

¥ Buffer overflow condition was cleared
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Send Alarm Buffer Data

Channel status codes are composed of a set of flags
encoded in the bits of a two-byte number:

Bit Meaning When Set

whNh -0

h..7
8..15

lo alarm
hi alarm
lolo alarm
hihi alarm
unused
error code

where 'error code' is one of the error codes listed in

Section 8.

The format in which the alarm buffer data is returned
depends on the value of the system variable FORMAT.

FORMAT is XASCII:

dd-Mmm-yy hh:mm:ss :

where:
dd-Mmm-yy

hh:mm:ss

alarm message

Alarm message <EOL>

is the date the alarm condition was
detected; e.g., 21-Jan-84

is the time the alarm condition was
detected in hours, minutes, and
seconds; e.g., 20:12:23

contains the information in Fields
3 through 6 in a self-explanatory
format

End-of-Buffer Format:

[EOB]
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Send Alarm Buffer Data /

FORMAT is DECIMAL or XDECIMAL:

<day>, <

month>, <year>, <time>, <alarm type>,

<alarm parameter 1>, <alarm parameter 2>,
<alarm parameter 3> <EOL>

where:
{day>
<month>
{year>

<time>

<alarm
is

is the day of the month
is the month number (1 to 12)
is a number representing the last two
digits of the year; e.g., 1987 would be
returned as '87'
is a number representing the number of
milliseconds past midnight

type> *

the number indicating either the alarm type or

the end-of-buffer condition.

<alarm
<alarm
<alarm

parameter 1> ¥
parameter 2> ¥
parameter 3> ¥

are the parameters related to particular alarm
types. Alarm parameter 3 is represented in
scientific notation.

¥ See previous page for fields 3 through 6.

FORMAT is HEX or XHEX:

This form resembles DECIMAL and XDECIMAL except:

(o}

Each field is represented as a single-precision
IEEE floating-point value encoded as eight
hexadecimal digits.

End-of-line sequences, instead of commas,
separate fields.
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Send Alarm Buffer Data

FORMAT is BINARY or XBINARY:

This

Examples

representation is the same as HEX and XHEX except:

o Each field is represented as a single-precision
IEEE floating-point value encoded as four bytes.

o Fields are not separated by anything.

o0 An end-of-line sequence does not follow the
record.

The following are valid responses to SEND ABUF:

In XASCII format:

05-Jun-87 11:05:16 : Cold start

05-Jun-87 11:05:16 : Warm start

05-Jun-87 11:05:16 : Status change chan(003)
4.91761E+00 lo alarm

05-Jun-87 11:05:16 : Host off-line

05-Jun-87 11:05:16 : Host on-line

05-Jun-87 11:05:16 : ABUF overflow

05-Jun-87 11:05:16 : ABUF cleared

05-Jun-87 11:05: ¢ SBUF overflow sbuf(0)

05-Jun-87 11:05:16 : SBUF cleared sbuf(0)

05-Jun-87 11:05:16 : Status change chan(003)
5.91761E+00

05-Jun-87 11:05:16 : Status change chan(003)
9.99999E+37 ERROR 5

—
(o))
.
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Send Alarm Buffer Data

In DECIMAL format:
15, 6,87,4546321,3,8,1, 0.00000E+00

which is a channel status change alarm for channel 8
where the status changed to a lo alarm.
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SEND BSCAN
Send Burst Scan Data

Format
SEND BSCAN(<Fast A/D Converter number>,<scan numbers>)

Syntax Diagram

Fast A/D > ( ) > scan > @ >
SEND BSCAN ‘. number numbers

Description

SEND BSCAN returns all specified burst scan records for
the specified Fast A/D Converter. Scan numbers, or
positions in the burst scan buffer, are listed in a
syntax similar to channel numbers. One or more scan
numbers separated by commas, a range of scan numbers,
or multiple ranges separated by commas are allowed.
Negative, zero, and positive scan numbers are valid.

Scan record data is returned in the order in which it
appears in the scan number list. Scan number 0 is the
newest record in the buffer (if the Fast A/D Converter
is still burst scanning) or the record at the time of a
trigger event (if the Fast A/D Converter has stopped
scanning after the trigger event.)

Each scan record contains one reading for each channel
that was defined with a DEF CHAN command when the START
BSCAN command was received. The channel reading data is
arranged in ascending channel order. Refer to SEND CHAN
for a description of response format.
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SEND BSCAN
Send Burst Scan Data

NOTE

Channel readings returned with the SEND
BSCAN command are not checked for alarm
limits.

In Computer Mode (with the system variable COUNT ON),
the first value returned indicates the number of scan
records to be returned. The second value returned then
indicates the number of channel measurements to be
returned per scan record. In Terminal Mode, no record
or channel counts are returned.

NOTE

Before changing channel definitions for a
Fast A/D Converter that has stopped burst
scanning, always use the SEND BSCAN command
to retrieve burst scan information. All
burst scan data is discarded as soon as a
channel definition command is received by a
stopped Fast A/D Converter.

If SEND BSCAN is used during burst scanning, the
response is as follows:

o Only the newest scan record is available. Even if a
scan number other than 0 is specified, the newest
scan record is sent.

o] To retrieve other records, send the STOP BSCAN
command or wait until scanning stops due to a
trigger event.

Note, however, that the Fast A/D Converter may continue

scanning after a trigger event. Use the SEND BSCANIPS
command to verify that burst scanning has stopped.
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SEND BSCAN
Send Burst Scan Data

No alarm processing is performed on measurement values
returned with the SEND BSCAN command. To check for out
of limits inputs during burst scanning, use DEF SCAN
and START SCAN to scan the channel(s) or use the SEND
CHAN command.

Example (Computer Mode)
After receiving the commands:

DEF CHAN(307..309) = DVIN
COUNT = ON

FORMAT = DECIMAL

START BSCAN(30)

STOP BSCAN(30)

SEND BSCAN(30,-1,-2)

Helios Plus responds with:

2.00000E+00 (2 scan records)
3.00000E+00 (2 channel measurements/record)
1.23456E+00 (reading value)
2.3U4567E+00 (reading value)
3.45678E+00 (reading value)
7.89012E+00 (reading value)
8.90123E+00 (reading value)
9.01234E+00 (reading value)
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SEND BSCANIPS
send Burst Scan in Progress Status

Format

SEND BSCANIPS((Fast a/D Converter numbers>)

Syntax Diagram

Fast
SEND BSCANIPS nuar:bgg) r_’ C :) ’

pescription

SEND BSCANIPS identifies the purst scanning status of
the specified Fast A/D Converters. General burst scan
activity in the Fast A/D Converter system can thereby
pe monitored. Retrieval of data from a purst scan
puffer can occur only when purst scanning for the
respective Fast A/D Converter 1is halted.

Status is returned as the ASCII string von" (burst
scanning in progress for at least one of the specified
Fast A/D Converters) or noff" (burst scanning not in
progress), followed by an end-of-line sequence. If no
Fast A/D Converter number is specified, the status for
all Fast A/D Converters in the system 1is returned.

Example
Send the following command :

SEND BSCANIPS(35,60)

1f burst scanning is in progress for either or both
Fast A/D Converter 35 or 60, the response is: on
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SEND CHAN
Send Channel Measurement(s)

Format
SEND CHAN(<channels>)

Syntax Diagram

(0-999)

Description

This command returns a channel measurement (in
appropriate units). In contrast, the LIST CHAN command
returns the definition of the designated channel(s).

A single channel, multiple channels, a range of
channels, or multiple ranges can be specified. Valid
channel numbers are 0 through 999.

Channels are returned in the order in which they appear
in the SEND list. However, they are not necessarily
measured in that order. A channel is measured only
once, regardless of the number of times it may
(inadvertently) appear in the SEND list.

NOTE
If the system variable COUNT is ON, the
first value of a returned measurement

indicates the number of channel measurements
to be returned.
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SEND CHAN
Send Channel Measurement(s)

USE WITH FAST A/D CONVERTER

For channels associated with a Fast A/D Converter

(-165), the source for measurement data depends on the
scan mode in use. For Continuous Scan Mode, measurement
data stored by the mainframe is sent. This process is

the same as used with the High Performance A/D

Converter (-161). For Burst Scan Mode, the most recent
measurement data in the Fast A/D Converter buffer is sent.

SEND CHAN cannot return meaningful data for channels
that have been configured for external trigger
input/output (via a jumper on the Fast A/D Converter).
(Only the 1st and 21st channel within an address block
reserved by a Fast A/D Converter can be so configured.)
Error 55 is returned if SEND CHAN is used for these
channels.
The response to a SEND CHAN command depends on the
FORMAT system variable setting. The following
descriptions show the response format for the different
system variable settings:
o XASCII Format

chan(nnn) sf.fffffE+ee <status message>
o DECIMAL Format

sf.fffffE+ee
o) XDECIMAL Format

nnn,sf.fffffE+ee,{channel status code>
o] HEX Format

hhhhhhhh <EOL>
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SEND CHAN
Send Channel Measurement(s)

o] XHEX Format

o BINARY Format
bbbb

o XBINARY Format
aaaa bbbb ccece

where:
aaaa represents the channel number in IEEE
single-precision floating-point format.

bbbb represents the channel value in IEEE
single-precision floating-point format.

ccce represents the status code as a binary IEEE
single-precision floating-point format.

hhhhhhhh represents the channel value as eight
hexadecimal digits in IEEE
single-precision floating-point format

hexadecimal digits in IEEE
single-precision floating-point format.

eight hexadecimal digits in IEEE
single-precision floating-point format.
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SEND CHAN
Send Channel Measurement(s)

nnn represents the channel number.

sf.fffffE+-ee represents the channel value in
scientific notation.

If an error is detected as a result of a SEND CHAN
command, the value

9.99999E+37

is returned for that channel. By listing the error log
(LIST ERROR), the last 20 errors can be inspected.

Examples

After receiving thé commands :
COUNT = OFF
FORMAT = DECIMAL
SEND CHAN(3)

Helios Plus responds with:
1.23456E+00

After receiving the commands:
MODE = COMP

COUNT = ON
SEND CHAN(5,7,9)
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SEND CHAN
Send Channel Measurement(s)

Helios Plus responds with:
3.00000E+00
1.23456E+00
3.U45678E+00
4 56789E+00

After receiving the commands:
MODE = TERM
FORMAT=XASCII
SEND CHAN(3)

Helios Plus responds with:
CHAN(003) 1.23567E+00 hi alarm

After receiving the commands:

FORMAT=DECIMAL
SEND CHAN(3)

Helios Plus responds with:
1.23567E+00
After receiving the commands:

FORMAT=XDECIMAL
SEND CHAN(3)

Helios Plus responds with:

3, 1.23567E+00, 2
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SEND CHAN
Send Channel Measurement(s)

After receiving the commands:

FORMAT=HEX
SEND CHAN(3)

Helios Plus responds with:
34000008
After receiving the commands:

FORMAT =XHEX
SEND CHAN(3)

Helios Plus responds with:
00000000
41400000
40000000
The following are valid SEND commands:
SEND CHAN(4)
SEND CHAN(T7,9,14)
SEND CHAN(3..6,9..15)
SEND CHAN(12..20,34..38,42..48)
SEND CHAN(13..19,17..27)

Note: In the last command, channels 17 through 19
are measured once but reported twice.
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SEND SBUF
Send Scan Buffer Data

Format
SEND SBUF(<scan buffer number))

Syntax Diagram

number —>®—>

(0-3)

Description

This command returns the oldest record in the
designated scan buffer. The scan record is then deleted
from the scan buffer.

Each scan record incorporates a scan header subrecord
and zero or more channel measurement subrecords.
Alternately, a user-defined header can be specified as
part of the START SCAN statement for the printer port.
This feature is fully described in the START SCAN area
of this section.

The scan header is as follows:

o FORMAT is XASCII

Header format for records that contain measurement
data:

dd-Mmm-yyy, hh:mm:ss, scan(n)<EOL>

Header format for indicating end of buffer: [EOB]
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SEND SBUF
Send Scan Buffer Data

o} FORMAT is DECIMAL or XDECIMAL
<day>,<month>,<year>,<time>,<buffer identification>
<day> is the day of the month.
<month> is the month number (1-12).
{year> 1s a number representing the last
two digits of the year; e.g., 1989

would be returned as "89".

<time> 1is a number representing the number
of milliseconds past midnight.

<buffer identification> is the scan buffer
number plus one for records that
contain measurement data and is zero
(0) for indicating the end of
buffer.

o} FORMAT is HEX or XHEX

The header format is the same as for DECIMAL or
XDECIMAL except:

Each number is represented as a
single-precision IEEE floating-point value
encoded as eight hexadecimal digits.

End-of-line sequences separate numbers
instead of commas.

5-188

N



SEND SBUF
Send Scan Buffer Data
o FORMAT is BINARY or XBINARY

The header format is the same as for HEX or XHEX
except:

Each single-precision IEEE floating-point
value is encoded as four bytes.

Numbers are not separated by anything.

An end-of-line sequence does not follow the
record.

The format in which the optional count and scan buffer
measurement data is returned also depends on the value
of the system variable FORMAT. This format is the same
as that shown for the SEND CHAN command.

Math Function Response in Extended Format
Channels that are defined for scan tasks (with math
functions MAX, MIN, AVG, or TOT) provide an encoded
extended format response. This definition is discussed
under DEF SCAN.

For XASCII format, the following self-explanatory text
format is returned:

<math function> (<channel number>), <value>, <status>
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SEND SBUF
Send Scan Buffer Data

For XDECIMAL, XHEX, and XBINARY formats, the encoded
response is a single number representing the channel
number plus a sum for the math functions activated
(through the scan task) for that channel. In XDECIMAL
format, these math function numbers are:

o MAX 2048 (Bit 11)
o MIN 4096 (Bit 12)
o AVG 8192 (Bit 13)
o TOT 16384 (Bit 14)

Divide the response in XDECIMAL format by 2048; the
remainder represents the channel number. Then subtract
the channel number from the response to obtain a number
representing the sum of activated math functions.
Finally, derive the actual activated math funections
using the numbers listed above.

Examples
SEND SBUF(2) <CR>

If FORMAT is XASCII, the following record may be output:

10-Oct-86, 11:42:06, scan(2)

chan(000) -3.66211E-04

chan(001) -8.54493E-02 lo alarm
| I

chan(019) -9.99999E+37 ERROR 10

If FORMAT is XDECIMAL, the output may look like:
10,10,86,15962120,3

0,-3.66211E-04,0
1,-8.54493E-04, 1
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SEND SCANSIZ
Send Maximum Number of Burst Scans in Buffer

Format
SEND SCANSIZ(<Fast A/D number>)

Syntax Diagram

Description

SEND SCANSIZ returns the scan record size of the burst
scan buffer of the specified Fast A/D Converter. This
number is dependent on the number of channels defined
for scanning and the amount of storage available in
Fast A/D Converter memory. If no channels for this Fast
A/D Converter are defined, the SEND SCANSIZ response is
zero.

The response format is an ASCII string of 1 to 7
digits, ranging from O through 1,048,575, followed by
an end-of-line (EOL) sequence.

Example
With the following command sent:

SEND SCANSIZ(75)

A response of '32U4'signifies that Fast A/D
Converter 75 can hold a maximum of 324 scan records.
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SEND SCANUM
Send Scan Number Information

Format
SEND SCANUM(<Fast A/D Converter number))

Syntax Diagram

—»@ENDSCANUM)—>®—> iﬁég _’C :) »

Description

SEND SCANUM requests two pieces of information from the
designated Fast A/D Converter. The response comprises
two numbers that can subsequently be used in
determining the scan buffer records to retrieve with
the SEND BSCAN command. These two numbers are described
below:

o The first number identifies the oldest scan record
in the burst scan buffer, indicating the number of
scans that occurred before the trigger event. This
number can be either negative or positive, as
follows:

Negative The number of scans that took place
before a trigger event. If there never
was a trigger event, or there were no
scans made after a trigger event, the
number is always negative, and its
absolute value is always less than the
maximum number of records that can fit
into the scan buffer.
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SEND SCANUM
Send Scan Number Information

Positive A trigger event happened, and there were
more scans made after the trigger event
than the number of scan records that
could fit in the burst scan buffer. This
number can be as large as 1,048,575
minus the size of the scan buffer.

o The second number identifies the newest scan
record in the burst scan buffer, indicating the
number of scans that occurred after the trigger
event. This number can be either positive or zero,
as described below:

Zero Either a trigger event never happened,
or no scans were made after a trigger
event that did happen.

Positive The number of scans that took place
after the trigger event is shown. This
number can be as large as 1,048,575.

Usually, a trigger event can be identified to a
specific record in the burst scan buffer. An exception
oceurs when the value of TRIGPOS exceeds the number of
records allowed in the buffer, in which case the
trigger event record is written over.

The SEND SCANSIZ command retrieves the maximum number
of scan records that can fit in the memory available
for the burst scan buffer.

Identify the trigger event by using the SEND SCANUM
command. The following examples examine the four most
probable burst scan buffer configurations. Records
positioned lower in these examples occur earlier than
higher records.
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SEND SCANUM
Send Scan Number Information

Remember that each scan record in the burst scan buffer
automatically includes all channels that have been
defined (with DEF CHAN) on the associated Fast A/D

Converter.

The position of the trigger event within the burst scan
buffer can be determined from:

SCANSIZ = |SCANUM #1| + SCANUM #2 + 1

In each of the following four examples, the assumed
value retrieved by SCANSIZ is 500.
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SEND SCANUM
Send Scan Number Information

A: TRIGPOS = 0. The burst scan buffer contains only the
trigger event and data recorded prior to
the trigger event.

n = (SCANSIZ - 1 - TRIGPOS)

SEND SCANUM would retrieve a negative
number, followed by 0. This response can
range from -1,0 (meaning that the buffer
contains only one record occurring before
the trigger event record) to -499,0
(signifying that the buffer size of 500 is

filled.)
Scan Record 0 (newest record) TRIGGER EVENT
Scan Record -1
Scan Record -2
Scan Record -3

Scan Record -n (oldest record)
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SEND SCANUM
Send Scan Number Information

B: TRIGPOS = SCANSIZ. The burst scan buffer contains only
the trigger event and scan records
occurring immediately after the
trigger event.

n = (SCANSIZ - 1 - TRIGPOS) = -1

For example, SEND SCANUM retrieves
0,499.

Scan Record TRIGPOS (newest record)
Scan Record (TRIGPOS -1)
Scan Record (TRIGPOS -2)

Scan Record (TRIGPOS -3)

Scan Record 2
Scan Record 1 (first Scan Record after Trigger Event)

Scan Record O TRIGGER EVENT
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SEND SCANUM
Send Scan Number Information

C:- O < TRIGPOS < SCANSIZ. The burst scan buffer contains

the trigger event and data
recorded both before and after
the trigger event.

n = (SCANSIZ - 1 - TRIGPOS)

For example, with TRIGPOS = 200,
SEND SCANUM retrieves -299,200.

Scan

Scan

Scan

Scan

Scan

Scan

Scan

Scan

Scan

Scan

Scan

Record

Record

Record

Record

.

Record

Record

Record

Record

Record

Record

Record

TRIGPOS (newest record)
(TRIGPOS -1)
(TRIGPOS -2)

(TRIGPOS -3)

2

1

0 TRIGGER EVENT
-1

-2

-3

-n ' (oldest record)
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SEND SCANUM
Send Scan Number Information

D: TRIGPOS > SCANSIZ. The burst scan buffer contains only
data recorded after the trigger
event (not the trigger event itself).

For example, with TRIGPOS set to 779,
SEND SCANUM retrieves 280,779,
indicating that the trigger event
record has been written over by
subsequent scan data and that the
buffer contains scan records 280
through 779.

Scan Record TRIGPOS (newest record)
Scan Record TRIGPOS -1
Scan Record TRIGPOS -2

Scan Record TRIGPOS -3

Scan Record (TRIGPOS - (SCANSIZ - 1)) (oldest record)

........ (end of buffer)

TRIGGER EVENT
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SEND SCANUM
Send Scan Number Information

SCANSIZ can be 0 only if no channels have been defined.

When a Fast A/D Converter starts burst scanning in
response to a START BSCAN command, both numbers
returned by SEND SCANUM are zero. These numbers are
also cleared by a RESET ALL command.

During burst scanning, the host can retrieve only the
newest burst data record with the SEND BSCAN command.

Examples
After receiving the command:
SEND SCANUM(65)
Helios Plus responds with:

-19
33

This response signifies that Fast A/D Converter 65 has
53 scan records available (19 before the trigger event,
33 after the trigger event, and 1 taken at the time of
the trigger event.)

NOTE

Before changing channel definitions for a
Fast A/D Converter that has stopped burst
scanning, always use the SEND BSCAN command
to retrieve burst scan information. All
burst scan data is discarded as soon as a
channel definition command is received by a
Fast A/D Converter that has stopped burst
scanning.
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SEND SINTERVALOVR
Send Burst Scan Interval Overrun Information

Format
SEND SINTERVALOVR

Syntax Diagram

———( SEND SINTERVALOVR =0~

Description

SEND SINTERVALOVR retrieves the number of the Fast A/D
Converter that had a scan interval overrun. These
overruns occur when a burst scanning Fast A/D Converter
cannot acquire scan records within the interval
specified by the SCANINTERVAL parameter of the DEF
BSCAN command.

The response to each SEND SINTERVALOVR is a Fast A/D
Converter number, followed by an EOL (end-of-line)
sequence. For multiple converters with overruns, the
command must be reissued. Each response then represents
the next Fast A/D Converter in ascending numerical
order (not in the order of overrun occurrence.) A first
response of only an EOL sequence signifies that there
were no overruns. EOL-only responses following valid
converter number responses signify that there are no
additional converter overruns.

The Fast A/D Converter number is returned as an ASCII

string of 1 or 2 digits, O through 95, identifying a
valid converter, followed by an end-of-line sequence.

5-201



SEND SINTERVALOVR
Send Burst Scan Interval Overrun Information

NOTE

Before changing channel definitions for a
Fast A/D Converter that has stopped burst
scanning, always use the SEND BSCAN command
to retrieve burst scan information. All
burst scan data is discarded as soon as a
channel definition command is received by a
Fast A/D Converter that has stopped burst
scanning.

Example
After receiving the command:

SEND SINTERVALOVR

The following response means that Fast A/D Converter 50
could not acquire a scan record in the specified time.

50
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SEND System Variable
Send Value of System Variable

Format
SEND <system variable>

Syntax Diagram

Csenp —c—>emm )
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SEND System Variable
Send Value of System Variable

Description

The value contained in <system variable> is returned to
the host.

The system variables whose values can be returned are
shown in the syntax diagram (above). The format in
which each variable is returned is shown below. Each
returned value is followed by an end-of-line sequence.

CAL (A/D auto-calibration) "on" or "off"

COUNT (Channel count) "on" or "off"

DATE$ (In day-Month-year) dd-Mmm-yy

EOL (End-Of-Line Character(s)) ASCII character
code(s)

FORMAT (Of Measurement Values) "decimal", "hex"
or "binary"

"xaseii", "xbinary",
"xdecimal", "xhex"

HOSTTO (Host Time Out Interval)

(in seconds) sss
INTERRUPT (Host Alarm Interrupt) "on" or "off"
LINEFR (Line Frequency in Hz) "50","60",
or "4oo"
MEMSIZ (Memory Size in Bytes) 1 to 5 digits
MODE (Operating Mode) "term" or "comp"

5-204

N’



) SEND System Variable
Send Value of System Variable

STATUS (System Status Code) 1 to 5 digits
(see information below)

TERM (End-Of-Response Indicator) "on" or "off"

TIME$ (In hours:minutes:seconds) hh:mm:ss

TIME (In ms since midnight) 8 digits

TUNIT (Temperature Units) "kelvin", "celsius",
"fahrenheit",
"rankine"

VERSION$ (Firmware version)
Helios Plus Version 1.0 Software by John Fluke Mfg. Inc.
| System Status Codes

The system status code (STATUS) returns 1 to 5 digits
that represent a 16-bit number. Refer to the SEND
STATUS example presented later in this subsection. Bit
descriptions are as follows:

NOTE

Normally, status information can be
retrieved only by using the SEND STATUS
command. If you need more immediate
notification of a status change, set the
system variable INTERRUPT to ON. Any change
in the value of STATUS is then sent via an
interrupt. As appropriate, other commands
can then be used to retrieve additional
information.
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SEND System Variable
Send Value of System Variable

Bit Description

0

Host off line. When this bit is set, the timeout
set with HOSTTO has expired. Alarms that occurred
subsequent to this timeout were sent to the
Printer Port.

Alarm line set. This bit is set when the alarm
line is set.

Alarm buffer contains information. This bit is set
when a new alarm is recorded in the alarm buffer
and cleared when all alarms are removed.

Alarm buffer overflow. This bit is set on an alarm
buffer overflow and cleared when alarms are
removed from the buffer.

Trigger event status (Burst Scan Mode.) This bit
is set when a trigger event occurs on a Fast A/D
Converter. Additional information about the
trigger event can be determined with the following
commands:

SEND TRIGFAD Determine the Fast A/D
Converter that encountered the
trigger event.

SEND BSCANIPS Determine if scanning is
continuing for that Fast A/D
Converter. This is possible
after a trigger event
depending on the value of
TRIGPOS set in the DEF BSCAN
command .
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SEND System Variable
Send Value of System Variable

SEND TRIGCHAN Identify the Fast A/D

Converter channel that caused
the trigger event.

Bit 4 is cleared in any of the following ways:

o

o

All Fast A/D Converters having had a trigger
event are identified (in response to the SEND
TRIGFAD command).

All Fast A/D Converters having had a trigger
event have started a new burst scan.

A RESET ALL command is sent.

Burst scan timing problem. This bit is set during
burst scanning if a Fast A/D Converter encounters
an overrun (cannot acquire scan records in the
time allowed.) Use the SEND SINTERVALOVR command
to identify the Fast A/D Converter that
encountered this problem.

Bit 5 is cleared in any of the following three

ways:

o All Fast A/D Converters having had an overrun
have started a new burst scan.

(o] The response to the SEND SINTERVALOVR command
is complete (all Fast A/D Converters having
had an overrun are identified).

o RESET ALL command is sent.

Spare.
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SEND System Variable
Send Value of System Variable

10

1

12

13

14

15

Scan buffer 0 contains information. This bit is
set whenever scan buffer 0 contains one or more
records and cleared when all records have been
removed from scan buffer O.

Scan buffer 0 overflow. This bit is set when scan
buffer 0 overflows and cleared as soon as records
are removed from the buffer.

Scan buffer 1 contains information. This bit is
set whenever scan buffer 1 contains one or more
records and cleared when all records have been
removed from scan buffer 1.

Scan buffer 1 overflow. This bit is set when scan
buffer 1 overflows and cleared as soon as records
are removed from the buffer.

Scan buffer 2 contains info. This bit is set
whenever scan buffer 2 contains one or more
records and cleared when all records have been
removed from scan buffer 2.

Scan buffer 2 overflow. This bit is set when scan
buffer 2 overflows and cleared as soon as records
are removed from the buffer.

Scan buffer 3 contains info. This bit is set
whenever scan buffer 3 contains one or more
records and cleared when all records have been
removed from scan buffer 3.

Scan buffer 3 overflow. This bit is set when scan

buffer 3 overflows and cleared as soon as records
are removed from the buffer.
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Examples
SEND DATE$
SEND TIME
SEND TIME$
SEND FORMAT

SEND STATUS

SEND Stystem Variable
Send Value of System Variable

Response: 25-Apr-86

Response: 42423459

Response: 15:31:27

Response: xascii

A response of '1028' means, for example,
that bits 2 and 10 are set, indicating
that both the alarm buffer and scan
buffer 1 contain information.

A response of '16' means that bit 4 is

set, indicating that a trigger event has
occurred on a Fast A/D Converter.
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SEND TRIGCHAN
Send Channel Causing Trigger Event

Format
SEND TRIGCHAN(<Fast A/D Converter number))

Syntax Diagram

——(SEND TRlGCHA@—>®—> Taber :)’ g

Description

SEND TRICHAN retrieves the number of the channel that
caused the trigger event on the specified Fast A/D
Converter. This information is cleared when a START
BSCAN or RESET ALL command is sent. Otherwise, the
information is saved and can be retrieved with
subsequent SEND TRIGCHAN commands.

Normally, the response is a 1, 2, or 3-digit ASCII
string, ranging from O through 989, followed by an EOL
(end-of-line) sequence. If an external trigger input
causes the trigger event, a special identifying
response of -1 is returned.

NOTE

Before changing channel definitions for a
Fast A/D Converter that has stopped burst
scanning, always use the SEND BSCAN command
to retrieve burst scan information. All
burst scan data is discarded as soon as a
channel definition command is received by a
Fast A/D Converter that has stopped burst
scanning.
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SEND TRIGCHAN
Send Channel Causing Trigger Event

Example
After receiving the command:
SEND TRIGCHAN(30)
Helios Plus responds with '308' if the channel that

caused the trigger event on Fast A/D Converter was
number 308.
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SEND TRIGFAD
Send Trigger Event Information

Format
SEND TRIGFAD

Syntax Diagram

—»@mo TRIGFA:D-»

Description

SEND TRIGFAD retrieves the number of the Fast A/D
Converter that encountered a trigger event. If multiple
Fast A/D Converters experienced multiple trigger
events, each response is in ascending order of Fast A/D
Converter number (not the order in which the trigger
events occurred.)

If a START BSCAN command has been issued for a Fast A/D
Converter, SEND TRIGFAD does not return a number for
that converter until a related trigger event occurs.

Each response comprises a Fast A/D Converter number and
an EOL (end-of-line) sequence. An EOL response with no
number signifies that no trigger event occurred, that
no Fast A/D Converters exist, or that all trigger event
information has been retrieved.
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SEND TRIGFAD
Send Trigger Event Information

NOTE

Before changing channel definitions for a
Fast A/D Converter that has stopped burst
scanning, always use the SEND BSCAN command
to retrieve burst scan information. All
burst scan data is discarded as soon as a
channel definition command is received by a
Fast A/D Converter that has stopped burst
scanning.

Example
After receiving the command:

SEND TRIGFAD

Helios Plus identifies Fast A/D Converter 30 as having
had a trigger event by responding with:

30

5-214

. -
e



SHOW ABUF-  SHOW FIRST ABUF

SHOW LAST ABUF SHOW AGAIN ABUF
Show Alarm Buffer Data

Format

SHOW ABUF
SHOW FIRST|LAST|AGAIN ABUF

Syntax Diagram

W g e D
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SHOW ABUF SHOW FIRST ABUF

SHOW LAST ABUF SHOW AGAIN ABUF
Show Alarm Buffer Data

Description

This command can be used in any of the following ways:

(o]

SHOW ABUF

This is a relative command that sends the next
newer record in the alarm buffer, depending on the
position of the previously sent record. The oldest
record is sent if no other SHOW ABUF command has
been used or if all the records have already been
sent. If a SHOW command has been used already, the
starting point for the SHOW ABUF next record may
have changed. For example, if SHOW ABUF follows
SHOW FIRST ABUF, the next record will be one newer
than the oldest.

The SHOW ABUF command is identical to the SEND
ABUF command, except that it does not remove the
retrieved record from the alarm buffer. The format
of the returned record depends on the setting of
the system variable FORMAT.

If the last buffer record has been transmitted,
the SHOW command returns an end-of-buffer
response.

SHOW FIRST ABUF

Send the oldest record in the ABUF.

SHOW LAST ABUF

Send the newest record in the ABUF.
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SHOW ABUF SHOW FIRST ABUF

SHOW LAST ABUF SHOW AGAIN ABUF
Show Alarm Buffer Data

o SHOW AGAIN ABUF

Repeat the most recently shown alarm buffer
record. If the applicable record has already been
overwritten with new data, the following error
message is returned:

"No previous record available"
The following chart represents an alarm buffer

containing ten records and illustrates which records
are accessed with the various SHOW commands.

Alarm
Buffer
(ABUF)
SHOW LAST ABUF----=-—cecee- > Record
(actual newest) Record .
(ommmmmc e SHOW ABUF
(relative,
next newer)
(e SHOW AGAIN ABUF
(relative,
. repeat previous)
SHOW FIRST ABUF---—-—-———-- > Record .

(actual oldest)
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SHOW SBUF SHOW FIRST SBUF
SHOW LAST SBUF SHOW AGAIN SBUF
Show Scan Buffer Data

Format

SHOW SBUF(<scan buffer number>)
SHOW FIRST|LAST|AGAIN SBUF(<scan buffer number>)

Syntax Diagram

p(saur (= sEmEsc Ly Yy

number

Description

Various forms of the SHOW SBUF command are listed
below. Note that scan buffer number (1) is shown as an

illustration, but numbers (0), (2), or (3) could also
be used.
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SHOW SBUF SHOW FIRST SBUF

SHOW LAST SBUF SHOW AGAIN SBUF
Show Scan Buffer Data

o SHOW SBUF(1)

Send the next record in the scan buffer. The
record sent is the next newer record (beginning
with the oldest record) if no other SHOW command
has been used. The record accessed may also be
relative, in that a record previously accessed
with one of the SHOW SBUF commands becomes the
starting point in defining the next newer record.
For example, if SHOW SBUF follows SHOW FIRST SBUF,
the next record will be one newer than the oldest.

The SHOW SBUF command does not remove the
retrieved record from the scan buffer, but is
otherwise identical to the SEND SBUF command
If the last buffer record has been transmitted,
the SHOW SBUF command returns an end-of-buffer
response. Returned record format depends on the
system variable FORMAT setting.

o SHOW FIRST SBUF(1)
Send the oldest record in SBUF(1).

o} SHOW LAST SBUF(1)

Send the newest record in SBUF(1).
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) SHOW SBUF SHOW FIRST SBUF

SHOW LAST SBUF SHOW AGAIN SBUF
Show Scan Buffer Data

o SHOW AGAIN SBUF(1)

Repeat the most recently shown scan buffer
record. If the applicable record has already been
overwritten with new data, the following error
message is returned:

"No previous record available"
The following chart represents a scan buffer containing

ten records and illustrates which records are accessed
with the various SHOW commands.

Scan
Buffer
(SBUF)
' SHOW LAST SBUF---—--cmo-—oz > Record i
(actual newest) Record .
ommmmmmeeee e SHOW SBUF
(relative,
next newer)
{mmmmem SHOW AGAIN SBUF
(relative,
. repeat previous)
SHOW FIRST SBUF------ceee—- > Record .

(actual oldest)
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START BSCAN
Start Burst Scanning

Format

START BSCAN(<Fast A/D Converter numbers))

Syntax Diagram

Fast AD
——( STARTBSCAN )—>®—> number(s) [ C :) g

Description

START BSCAN instructs one or more Fast A/D Converters
to start scanning in the Burst Scan Mode, according to
the parameters specified in the DEF CHAN and DEF BSCAN
commands. If START BSCAN is sent before a DEF BSCAN
command, the Fast A/D Converter uses the default
parameters (see DEF BSCAN command description.)

Multiple Fast A/D Converters are instructed to start
burst scanning in the numerical order listed in the
START BSCAN command.

START BSCAN may refer to a list of Fast A/D Converters,
some of which are already in Continuous Scan Mode,
Burst Scan Mode, or some combination of both modes. If
START BSCAN refers to a Fast A/D Converter that is in
continuous scan mode, burst scanning is started. If
START BSCAN refers to a Fast A/D Converter that is
already burst scanning, no change is made to that
converter.
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START BSCAN
Start Burst Scanning

Example

The following example instructs Fast A/D Converter 35
(channels 350 through 389) to start burst scanning:

START BSCAN(35)
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START SCAN
Start Scan Task

Format

START SCAN(<scan task number>) [,OUTPUT=HOST | PRINTER |
SBUF (<scan task number>)] [,INTERVAL=<seconds>]
[,DELAY=<seconds>] [,PERIOD=<number of scans>]

[ ,HEADER=<string>] [,FOOTER=<string>]

Syntax Diagram

——— (ARt seA)—( O] o D————

(0-3)

number

(default«HOST)

scan task
number )

(0-3)

(default, INTERVAL=0)

@ O o\

(comma) (0-32767 seconds)

(default, DELAY=0)

! » . .-_.._- e number 1

(comma) (032767 seconds)

(defaulteno math performed)

—i*% (_PeRIOD ) (=) ‘ bor |- 1
(comma) __l

(>1)

(comma)
- (O] strins |
(comma)
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START SCAN
Start Scan Task

Description

This command starts execution of a scan task. A scan
task is a program that executes on Helios Plus and
measures a set of channels on a periodic basis.
Measurement data from a scan task is sent to an output
device, which may be the Helios Plus host computer
port, the Helios Plus printer port, or a scan buffer in
Helios Plus memory.

NOTE

If the scan task has been defined using math
functions (MAX, MIN, AVG, TOT), the OUTPUT
parameter can only to set equal to
SBUF(<scan task number>).

Parameters includable in the START SCAN statement are:
o INTERVAL
This parameter establishes the time (in seconds)
between successive scans. If no INTERVAL is
specified, continuous scanning occurs.

o DELAY

This parameter specifies the time in seconds
before the initial scan is executed.

o PERIOD

This parameter sets the number of scan cycles to
be used by the math functions MIN, MAX, TOT, and
AVG. To allow for meaningful computations, the
number of scan cycles specified should always be
greater than 1. If no PERIOD parameter is defined,
no MIN, MAX, TOT, or AVG functions are performed.
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START SCAN
Start Scan Task

o HEADER
FOOTER

Header and footer strings are used with the
printer port only. Each string contains a maximum
of 128 characters formed from any combination of':

1. Quoted character strings. Quote marks do not
count in the 128-character limit.

2. ASCII character decimal codes (not in
quotes). Each code counts as one character.

In addition, the header only can be appended with
current date and time with:

/t
/d

A semi-colon (;) must separate all character
strings, character codes, and time/date
specifiers. Semi-colons are not part of the
128-character limit.

If HEADER is not specified in the START SCAN
statement, the default header remains in effect.
The default shows scan group, time, and date, as
described under SEND SBUF.

There are three commands for using scan tasks: DEF
SCAN, START SCAN and STOP SCAN. The DEF SCAN command
assigns a set of channels to a scan task; START SCAN
starts the execution of a scan task; and STOP SCAN
terminates the execution of a scan task.
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START SCAN
Start Scan Task

For a scan buffer, definitions are handled with the DEF
SBUF command, and reads are handled with the SEND SBUF
command or one of the SHOW SBUF commands.

Scan tasks must be defined before they can be executed.
When using a scan buffer to store scan data, the scan
task must be defined before the scan buffer is defined,
because defining a scan task erases any existing
definition of the associated scan buffer.

Up to four scan tasks may be defined and executed. Scan
tasks are identified by their scan task number, which
may be 0, 1, 2, or 3. When executing multiple scan
tasks simultaneously, scheduling conflicts are resolved
by scan task priority. The scan task priority is
determined by the scan task number, with lower numbers
having higher priority.

The priority of concurrent scans is based on the scan
task number. Only one task runs at a time, with lower
numbers having precedence.

NOTE
SCAN TASK(0), with no interval specified, runs

continuously and will prevent execution of any
other tasks. ’
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START SCAN
Start Scan Task

Example
The command string

START SCAN(1),0UTPUT=SBUF(1),INTERVAL=60,
HEADER="GENERATOR NUMBER 1";/t;/d

starts scan task(1), sends data to scan buffer(1),
schedules scans every 60 seconds, and includes a header
showing GENERATOR NUMBER 1, the time, and the date.

See Also
DEF SCAN SEND SBUF
DEF SBUF STOP SCAN
SHOW SBUF
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4 - ONILAOY

ART BSCAN
_ .. wourst Scanning

Format

STOP BSCAN(<Fast A/D Converter numbers>)

Syntax Diagram

Fast AD
———PGTOP BSCAD——P@"’ number(s) )

Description

When Helios Plus 1s in Burst Scan mode, this command
can be used with single or multiple Fast A/D
Converters. If a single converter number is mentioned,
the mainframe instructs that Fast A/D Converter to stop
burst scanning and freeze burst data. If multiple Fast
A/D Converter numbers are specified, the mainframe
notifies each Fast A/D Converter (in the order listed,
from left to right) to stop burst scanning and freeze
burst data.

STOP BSCAN is ignored if Helios Plus is not in Burst
Scan mode.

Example

The following example shows how to stop burst scanning
on several Fast A/D Converters: '

STOP BSCAN(30,45,80)
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STOP SCAN
Stop Scan Task

Format
STOP SCAN(<scan task number>)

Syntax Diagram

—»{ sToP_scaN |—a( ()——.L_nﬂer__'—bC)_)—»

(0-3)

Description

This command allows the user to stop a previously
started scan task.

Example
The command:
STOP SCAN(2) <CR>

stops scan task number 2.
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TERM
Set Terminator System Variable

Format
TERM = ON | OFF
Syntax Diagram

(default)

Description

The setting of this system variable is only effective
in computer mode. When TERM is set to ON, a "!"
character and <EOL> are appended to the data returned
by the SEND and LIST commands.

NOTE
All examples in this manual assume that the

system variable TERM is in the default
setting of OFF.
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TEST TEST CHAN
Self Test System or Channel(s)

Format
TEST [CHAN(<channels>)]

Syntax Diagram

( system self test )
TEST >
channel(s) __r

(0-999)

Description (General)

This command causes the Front End to perform a
system-wide self test or a self test on designated
channels. The Front End will operate if a self-test
error has been reported; however, operation may be
unreliable.

If specific channels are not indicated, a system-wide
self test is performed. When a system-wide self test is
performed, the interface hardware (i.e., the read

only memory (ROM), random access memory (RAM) and the
serial link universal asynchronous receiver transmitter
(UART)) are checked.

If a self test is performed on a channel list, the
designated channels are tested, implied hardware
assemblies are put through a test procedure, and an
error code or message is returned.

The format in which error messages are returned depends
on the MODE system variable setting.
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TEST TEST CHAN
Self Test System or Channel(s)

Description (Computer Mode)

In computer mode, self-test failures are reported in
the format:

? <error number><EOL>

where <error number> is one of the error numbers listed
in Section 8.

Description (Terminal Mode)

In terminal mode, self-test failures are reported in
the format:

? <error message><EOL>

where <error message> is one of the error messages
listed in Section 8.

See Also

Section 8: Error Messages
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TIME
Set Time System Variable

Format

TIME = <number of milliseconds since midnight>

Syntax Diagram

milliseconds since
TIME ﬂ midnight >

(0-86,400,000)

Description

This variable allows the user to assign a starting time
to the internal clock representing the number of
milliseconds since midnight.

Since the system has only one internal clock, setting
TIME changes the TIME$ setting.
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TIMES$
Set Time$ System Variable

Format
TIME$ = <hours>:<minutes>[:<seconds>]

Syntax Diagram

(0-23) (0-59)

seconds

(0-59)

Description

This variable is used to set the internal time in the
more conventional form of hours (0-23), minutes (0-59)
and seconds (0-59). If <seconds> is omitted, it is
assumed to be O.

Since the system has only one internal clock, setting
TIME$ changes the TIME setting.
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TUNIT
Set Temperature Units System Variable

Format
TUNIT = CELSIUS | FAHRENHEIT | KELVIN | RANKINE

Syntax Diagram

—{ TUNIT )= - b@ ve >

(default)

KELVIN
FAHRENHEIT

Description

This variable selects the temperature units in which
temperature readings (from thermocouples and RTDs) are
returned. Four options are available: Celsius,
Fahrenheit, Rankine and Kelvin. The instrument defaults
to Celsius.
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Section 6A
Analog Output
UNIPOLV, BIPOLV, DCOUT, PVOUT

INTRODUCTION

The Front End can produce two types of analog outputs:
direct voltage or de current. This section explains use
of the Front End mainframe and required option
assemblies in generating these two outputs. Additional
information can be found in Section 3B in the
discussion of the Analog Output (-170) assembly.

Direct Voltage Output

A direct voltage output is available to control devices
requiring a continuously variable voltage. The Front
End Analog Output can supply a unipolar source (OV to
10V) or a bipolar source (-5V to 5V). Applications
might include voltage controlled power supplies,
process controllers, or 0 to 5 volt actuators.

Current Output

A current output allows for control of devices
requiring a continuously variable current. Outputs from
4 mA to 20 mA are available. Applications could include
current-controlled power supplies, process controllers,
or 4 to 20 mA actuators.
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Analog Output

REQUIRED HARDWARE

Applications involving analog voltage or current
outputs require the Analog Output (-170) assembly. This
assembly can be installed in either the Front End
mainframe or the 2281A Extender Chassis. Each -170
assembly provides four independent output channels with
three sets of output terminals per channel.

Installation for any of the required assemblies is
detailed in Section 3B of this manual. Reference each
assembly by its option number (-170).

As an overview, installation requires the following
actions:

(o)

Address Selection

Address selection switches establish the hundreds
and tens designations for the first channel in a
range of four successive channels. These switches
are accessible through the rear panel of the
Analog Output and can be set at any time.

Wiring Connections

For each channel, the connections determine the
type of output (direct current control, current
control as a process variable, bipolar voltage, or
unipolar voltage).

Physical Installation

The Analog Output interfaces with the serial 1link

and, therefore, can be installed in either the
Front End mainframe or the 2281A Extender Chassis.
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Analog Output

USING THE COMMANDS
General

The DEF CHAN statement is used in defining a channel
(or group of channels) for one of four types of analog
output. In this statement, the channels must fall
within the range set by the address selection switches.
Also, the defined channel type should correspond to the
Analog Output assembly wiring configuration.

For example, if the channel selection switches are set
for 1 and 0 (meaning 100), and unipolar voltage wiring

connections have been made, the following definition
can be made for a range of four channels:

DEF CHAN(100..103) = UNIPOLV
Using the commands requires two steps. First, the
channel number(s) and the associated channel type
(BIPOLV, UNIPOLV, DCOUT, or PVOUT) are defined. A DEF
CHAN statement is used for this purpose.
NOTE

UNIPOLV is the default setting.
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Analog Output

Second, the output value is assigned separately using
the CHAN statement. The assigned output value
corresponds directly with the output voltage or current
when any of the following modes of operation are
selected:

o BIPOLV (bipolar voltage from -5 to +5V)
o UNIPOLV (unipolar voltage from 0 to +10V)
o DCOUT (current from 4 to 20 mA)

When the PVOUT mode is selected, the assigned value
represents percent of range (0 to 100), corresponding
to a span from 4 mA to 20 mA. Some examples follow:

Assigned Actual

0 4 mA

50 12 mA

100 19.995 mA

Any assigned value less than O causes an illegal value
error message (code 01). Any assigned value greater
than 100 causes 19.995 mA to be set.
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Analog Output

Command Examples
Use the following examples to familiarize yourself with
the Analog Output commands. First, define channels 100
and 101 for dc current output:
DEF CHAN(100..101) = DCOUT

Next, set the output level for these channels to 19.5
mA:

CHAN(100..101) = 0.0195
Now, change the output level to 16 mA:

CHAN(100..101) = 0.016
Set the remaining channels for this Analog Output for
process variable output. This specifies output current
or voltage as a percentage of the available range.

DEF CHAN(102..103) = PVOUT
Next, set the output level to 60%. For current, 60% of
range is 13.6 mA. For voltage, 60% is 6V for UNIPOLV
and 1V for BIPOLV.

CHAN(102..103) = 60

Finally, return the set output for any of these
channels.

SEND CHAN(103)
The response for this channel would be:

6.00000E+01
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Analog Output

PUTTING IT ALL TOGETHER

The following example can be typed in directly from a
terminal (TERM mode) or included in a computer program
(COMP mode). Refer to Section U4 under "Operating the
Front End from a Terminal/Computer" for more detailed
information. Also, Appendix 9A provides guidelines for
use with specific types of host computers.

MODE = TERM

FORMAT = DECIMAL

DEF CHAN (0..3) = BIPOLV
CHAN (0..3) = 4.0

SEND CHAN (0..3)

This example assumes that the Analog Output address is
set to 00. It commands the Front End to operate in
terminal mode, sets system variable FORMAT, and defines
channels 0 through 3 for an analog output voltage in
the range of -5V to +5V. The CHAN command then sets the
output to +4.0V.

The SEND CHAN command is used to monitor the set value
received by the Analog Output assembly. However, this
command does not indicate the output actually being
made from the Analog Output. To verify the output,
connect a measuring device (such as a DMM) to the
actual outputs.

If the SEND CHAN response is "9.99999E+37", an error
has occurred. Enter the LIST ERROR command to retrieve
the associated error message. If necessary, refer to
Section 8 for additional error message information.
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Section 6B
Current Measurement
DCIN

INTRODUCTION
About This Section

This section explains use of the Front End and
associated option assemblies for obtaining current
readings. Detailed information about the physical
installation of the Front End mainframe and related
options is provided in Section 3.

Current Measurement

Current input measurements use an 8-ohm shunt resistor
and cover the range from 0 to 64 mA on a maximum of 20
channels. This range covers the useful range of
standard current transmitters. Since this type of
transmitter is often used to translate the output of
another transducer (pressure, fluid flow, etec) to a
current output, the current measurement function can
serve a multitude of applications.

Standard current transmitters output a current value
proportional to the physical parameter being measured.
This sensor type usually outputs a value of from 1 to 5
mA, 4 to 20 mA, or 10 to 50 mA across its measurement
range. Scaling and conversion used by the Front End are
optimized to measure current values within these
ranges.
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Current Measurement

REQUIRED HARDWARE
Using the High Performance A/D Converter

Current measurements can be made with the following
configuration of option assemblies:

-161 High Performance A/D Converter
-162 Thermocouple/DC Volts Scanner
-171 Current Input Connector

The High Performance A/D Converter (-161) provides high
accuracy analog to digital conversion of scanner
inputs. At least one a/d converter must be installed in
the Front End when analog measurements are being made.

The Thermocouple/DC Volts Scanner (-162) is a plug-in,
20-channel thermocouple and multi-voltage range relay
scanner. The scanner links the High Performance A/D
Converter to external measurement points.

The Current Input Connector (-171) routes a maximum of
20 current input channels to the Thermocouple/DC Volts
Scanner.

Installation for any of these option assemblies is
detailed in Section 3B of this manual. Reference each
option assembly by its option number (-161, -162, or
-171).
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Current Measurement

As an overview, installation of the High Performance
A/D Converter current measurement configuration
requires the following actions:

(0]

Addressing

Addresses are determined by the both the position
of the Thermocouple/DC Volts scanner relative to
the High Performance A/D Converter (-161) and the
address switch settings on that a/d converter.

Wiring Connections

For each channel, HI and LO connections must be
made so that current flows into the HI terminal
and out of the LO terminal.

Physical Installation

Each Current Input Connector attaches to a
Thermocouple/DC Volts Scanner. Each
connector/scanner interfaces with the serial link
and can be installed in either the Front End
mainframe or the 2281A Extender Chassis.
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Current Measurement

Using the Fast A/D Converter

Current measurements can also be made with the Fast A/D
Converter. The required hardware is then:

-165 Fast A/D Converter
-176 Voltage Input Connector
641449 8-ohm current shunt resistors, Fluke

Part Number

The Fast A/D Converter provides accurate, high speed
analog to digital conversion of inputs from the
connector. The shunt resistors are placed across input
terminals on the connector as required for differential
measurements. A maximum of 20 differential inputs can
be handled by the Fast A/D Converter.

The Fast A/D Converter current measurement configuration
requires the following actions:

(0]

Addressing

Set the addresses using the switches on the -165
Fast A/D Converter. Each differential pair must
include a second channel that is exactly 20
addresses higher than the first. Therefore,
differential inputs can be set up for address
pairs 0/20 through 19/39. A differential
measurement is performed when either channel is
addressed.

Wiring Connections
Make differential connections to the -176 Voltage

Input Connector. Specific information is provided
later in this section.
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Current Measurement

Physical Installation

Each -176 Voltage Input Connector attaches
directly onto a -165 Fast A/D Converter. Each -165
Fast A/D Converter/-176 Voltage Input Connector
pair can be installed in a 2287A Front End or a
2281A Extender Chassis. Each channel that is not
used for dc current measurement remains available
for dec voltage measurement connections (-175 and
-176) and or thermocouple measurement connections
(=175 only).

INPUT CONNECTIONS

Current transmitter outputs referenced to ground or
some other potential can be used, with the limitation
noted below.

NOTE

The -165 Fast A/D Converter can be used only
with a COMMON voltage level that is within
+/-10V of both HI and LO voltage levels. If
no such common level is available, the High
Performance A/D Converter configuration must
be used. If such a common level is
available, proceed with the following steps.

Connect the common level to one of the COMMON
terminals on the Voltage Input Connector.

Connect shunt resistors between HI and LO inputs
of each channel on the Voltage Input Connector.

Attach current transmitter outputs to HI and LO as
shown below:
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Current Measurement

CURRENT TRANSMITTER
{—)
-/
CURRENT TRANSMITTER

©

HI

{l

Lo
] COM ¢ COMMON

USING THE COMMANDS

General
One input range (64 mA) is available for current
inputs. Each current input channel (or group of
channels) is specified with the DCIN parameter in a DEF
CHAN statement.
DEF CHAN(O..5, 8, 9) = DCIN
An interpolation table, relating dc current input values
to output values in other units, can be called from
this definition, allowing for conversion from units of
current to other engineering units.

The measurement is made with the SEND CHAN command.
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Current Measurement

Command Examples

Let's augment the previous DEF CHAN statement with an
interpolation table. First, establish the table as a
sequence of input/output value pairs. An actual output
is linearly interpolated (or extrapolated) from values
found in the table.

DEF TABLE(1)=<input>,<output>/<input>,<output>/

Next, call the interpolation table from a channel
definition statement.

DEF CHAN(0..5, 8, 9) = DCIN, CHFN=TABLE(1)

For example, a pressure transmitter may have a dc
current output range from 4 mA (at O psi) to 20 mA (at
500 psi). Interpolation table values can be entered to
correlate current to psi.

DEF TABLE(1) = 0.004,0/0.02,500

The table can be called for channels measuring direct
voltage:

DEF CHAN(0..5, 8, 9) = DCIN, CHFN = TABLE(1)

Now, measure these channels with the SEND CHAN command:
SEND CHAN(0..5, 8, 9)

The actual unit-of-measurement (psi in this case) can

be appended to the returned output value within the
computer's program.
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Current Measurement

PUTTING IT ALL TOGETHER

The following example can be typed in directly from a
terminal (TERM mode) or included in a computer program
(COMP mode). Refer to Section 4 under "Operating the
Front End from a Terminal/Computer" for more detailed
information. Also, Appendix 9A provides guidelines for
use with specific types of host computers.

MODE = TERM

FORMAT = DECIMAL

DEF CHAN(O..19) = DCIN
SEND CHAN(O)

This example assumes that the High Performance A/D
Converter (-161) address is set to 0 and that a direct
current source is connected to the HI and LO terminals
for channel 0 on the Current Input Connector (-171). It
commands the Front End to operate in terminal mode,
defines system variable FORMAT, and defines analog
input channels 0 through 19 for direct current
measurement. The resulting measurement is made on
channel 0 with the SEND CHAN command.

If 60 mA is measured, the returned reading is:
6.00000E-02

If the response to the SEND CHAN command is

"9.99999E+37", an error has occurred. Enter the LIST

ERROR command to retrieve the associated error message.

If necessary, refer to Section 8 for additional error
message information.
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Section 6C
Digital/Status Inputs
BINARY, BCD/STATIN

INTRODUCTION
About This Section

This section explains use of the Front End and
associated option assemblies in obtaining digital or
status inputs. Detailed information about the physical
installation of the Front End mainframe and related
options is provided in Section 3.

Digital Inputs

The digital input function is a logic input for reading
BCD (binary coded decimal) or straight binary data from
sensors and instruments. Digital inputs can be provided
by simple system instruments and by such things as
position sensors and event counters.

Status Inputs

The status input function is a logic input for reading
status (on/off) conditions from sensors, switches, and
instruments. Status inputs are used to sample the state
of one-bit inputs. They are used to determine if
something is on or off, open or closed, enabled or
disabled.
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Digital/Status Inputs

REQUIRED HARDWARE

Applications involving digital or status inputs require
the following option assemblies:

-168 Digital I/0 Assembly
-179 Digital/Status Input Connector

The Digital I/0 Assembly allows the Front End to
exchange information with a digital peripheral device.
Four types of data exchange are possible: Alarm or
Status Output; Status Input; BCD Input; and Binary
Input.

The Digital/Status Input Connector can be used for the
mutually exclusive functions providing BCD digital
input, binary digital input, or status input
information to the Front End. This connector functions
as a plug-in appendage to the Digital I/0 Assembly,
providing up to 20 input lines.

Installation for any of the required assemblies is
detailed in Section 3B of this manual. Reference each
option assembly by its option number (-168 or -179).

As an overview, installation requires the following
actions:

o Address Selection
With the connector detached, set the address
switches on the Digital I/0 Assembly. See Section
3B (-168).

o Input Format

Make jumper connections for status, binary, or BCD
inputs. See Section 3B (-179).

6c-2



Digital/Status Inputs

o Handshake Connections
For digital inputs, make handshake terminal
connections for the desired handshake method.
Refer to Section 3B (-179).

o Wiring Connections

Make necessary external connections to SIGNAL and
RETURN terminals.

o Physical Installation
Attach the Digital/Status Input Connector to a
Digital I/0 Assembly installed in the Front End or
an Extender Chassis.
USING THE COMMANDS
General
Digital/status inputs require a DEF CHAN command line
to specify the channel (or range of channels) and the
input type (STATIN, BCD, or BINARY).

Command Examples

Use a DEF CHAN command to define a group of twenty
status input channels:

DEF CHAN (200..239) = STATIN
Use a SEND CHAN command to monitor the status inputs:

SEND CHAN(200..239)
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Digital/Status Inputs

PUTTING IT ALL TOGETHER

The following example can be typed in directly from a
terminal (TERM mode) or included in a computer program
(COMP mode). Refer to Section 4 under "Operating the
Front End from a Terminal/Computer" for more detailed
information. Also, Appendix 9A provides guidelines for
use with specific types of host computers.

MODE = TERM

FORMAT = DECIMAL

DEF CHAN(O0..19) = STATIN
SEND CHAN (0..19)

This example assumes that a Digital/Status Input
Connector (-179) has been installed on a Digital I/0
Assembly (-168) set for address 00. It commands the
Front End to operate in terminal mode, sets system
variable FORMAT, and defines digital input channels 0
through 19 for one-bit status inputs. The resulting
measurements are monitored by the SEND CHAN command.

Verify status input responses by shorting some
. otherwise disconnected input channels. For example,
short Signal and Return terminals on channels 7 through
13. Also, short terminal 21, Signal to Return. Leave
channels 0 through 6 and 14 through 19 open.

For channels 7 through 13, the response should be:
0.00000E+00

The response for the remaining channels should be:
1.00000E+00

If the response is "9.99999E+37", an error has

occurred. Enter the LIST ERROR command to retrieve the

associated error message. If necessary, refer to
Section 8 for additional error message information.
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Section 6D
Frequency Measurements
FREQ

INTRODUCTION
About This Section

This section explains the use of the Front End for
measuring frequency. Detailed information on installing
the Front End and its options is found in Section 3.

Frequency Measurement

Frequency is defined as the number of events that occur
in a given time period. Frequency is expressed in
hertz. Frequency measurements can be used to determine
the linear or rotational speed of objects, the flow
rate of fluids, and the oscillation rate of electrical
signals.

Frequency is measured by counting events for a known
time period. The measurement represents the average
frequency observed during the sampling time. In the
Front End, the measurement time is about two-thirds of
a second.

A transition between one voltage state and another
constitutes an event. The boundary between a high and
low voltage state may be different for different types
of signals. The Front End counts high-to-low
transitions.
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Frequency Measurements

REQUIRED HARDWARE
For frequency measurements, the following is needed:
-167 Counter/Totalizer

Each Counter/Totalizer option supports six frequency
measurement channels.

The installation instructions for the Counter/Totalizer
are found in Section 3B of this manual. Consult these
instructions as necessary.

Hardware Preparation

The Counter/Totalizer adjustments allow for measurement
of a variety of signal types. The reference voltage and
input deadband are adjustable. These adjustments define
the high and low voltage thresholds of the input.

The Counter/Totalizer also supports an event counting
(totalizing) function. Debouncers and input pull-up
adjustments are provided for event counting
measurements. These adjustments are normally not used
when measuring frequency.

To prepare a Counter/Totalizer channel for frequency

measurement, perform the following steps. Refer to
Figure 6d-1.
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Function Switches
(one per channel pair)

Debounced/Direct
Input
(one per channel)
Fixed/Variable
Reference

(one per channel)

TTL/ OV
Fixed Reference

Channel Decade

Floating/Pulled Up

Inputs

Test Clock/Debounce

Period

Deadband Adjust
(one per channel)

Variable Ref Adj

Figure 6d-1. Counter/Totalizer Adjustments
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o FREQ Function

Move the channel function switch to the FREQ
position. Notice that the channels are grouped in
pairs. There are three pairs of channels: channels
0 and 1, channels 2 and 3, and channels 4 and 5.
Both channels in a pair must have the same
funetion.

o Direct Input

Move the debounced/direct input switch to the
DIRECT INPUT position. This turns off the
debouncer. Since it alters the shape of the input
signal, the debouncer can introduce errors during
frequency measurements. Also, frequencies above
125 Hz cannot be measured with the debouncer on.

o Pulled-Up Inputs

Move the floating/pulled-up resistor network to
the FLOATING position. Pulled-up inputs are
necessary when counting contact closures. They are
usually not needed for frequency measurements.

o Addressing

Set the hundreds and tens address switches to the
first address for the group of six channels.

Ad justments

Figure 6d-2 shows how input voltage levels are detected
by the Counter/Totalizer. The reference voltage
defines the boundary between the high and low voltage
states of the input signal. Deadband prevents input
noise from being detected. As shown in the figure, the
reference voltage and deadband define the high and low
input voltage thresholds.
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High
TIESIOM o o e ey e N e e o m e e -
U S Y IR ¥
Voltage
Deadband

Low - - - - } LI IR B R i sttt bl e e
Threshold

< High e Low High >

Level Detected

Figure 6d-2. Input Level Detection

On the Counter/Totalizer assembly, the reference
voltage and deadband are adjustable. For each channel,
a switch selects either a fixed or variable reference
voltage. There is one variable reference on the
assembly, adjustable from -10 to +10 volts. There is
also one fixed reference, which is selectable for 0
volts or 1.4 volts (TTL level). The deadband is
adjustable from 0 to 3 volts for each channel.

ADJUSTING REFERENCE VOLTAGE

To choose the proper reference voltage, follow these
guidelines:

o If the input signal is centered around 0 volts,
select the 0 volt fixed reference.

o If the input signal is TTL compatible, select the
TTL fixed reference.
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If the input signal is neither of the above, select
the variable reference. To adjust the variable
reference voltage, connect a voltmeter to the
variable reference terminal and one of the return
terminals on the rear panel connector. Using a
small screwdriver, turn the variable reference
adjustment screw until the desired voltage is
displayed by the voltmeter.

ADJUSTING DEADBAND

To adjust the input deadband, there are several
approaches. Use the method most suitable for your
application.

(o}

Method 1. For TTL signals, turn the deadband

ad justment screw counterclockwise until it stops.
Then turn the screw clockwise to the position
marked TTL on the rear panel.

Method 2. Connect the signal to be measured to one
of the Counter/Totalizer input terminals, as for
normal operation. Turn the appropriate deadband

ad justment screw counterclockwise until it stops.
Sample the channel and turn the deadband screw
clockwise until a stable reading is obtained.

Method 3. Temporarily select the 0 volt fixed
reference for the channel in question. Remove any
connections to the input terminal. Connect a
voltmeter to one of the return terminals and to the
threshold output terminal for this channel.
Disregarding the polarity of the threshold voltage,
turn the appropriate deadband adjustment screw
until the threshold is one-half the desired
deadband voltage. Restore the reference voltage to
its original setting.

To ensure accurate measurements, adjust the deadband
for each channel as high as possible.
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CHECKING THRESHOLD VOLTAGES

The combination of reference voltage and deadband
determines the high and low threshold voltages. To
check the threshold levels, use the following
procedure:

o Connect a voltmeter to one of the return terminals
and to the threshold output terminal for the
channel in question. Connect the test clock output
to the channel input terminal.

o Turn the test clock switch to position 0 (+14 volt
output) and read the low threshold on the
voltmeter.

o0 Turn the test clock switch to position 1 (-15 volt
output) and read the high threshold on the
voltmeter.

Connections

The terminal assignments for the Counter/Totalizer
connector are listed on the rear panel. The maximum
input voltage is +15V dc or ac peak.

The six channels on a Counter/Totalizer assembly are
isolated from the Front End chassis and from ground but
not from each other. The return lines on the input
connector are common. All return lines must be
connected to the same voltage.
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USING THE COMMANDS
General

The DEF CHAN statement is used in defining pairs of
frequency measurement channels. A conflict with some
hardware settings on the Counter/Totalizer Board must
not be introduced.

o} First, each pair must consist of consecutive even
and odd channels, corresponding to those selected
on the function switch (Figure 6d-1).

o Second, the channels defined should fall within
the range set by the channel decade switches
(Figure 6d-1). Note that these switches establish
the hundreds and tens designations for a range of
channels.

Command Examples

Keeping these two rules in mind, let's define a pair of
frequency measurement channels. If the function switch
is set for FREQ on channels 0 and 1, and the channel
decade switches are set for 1 and 0 (meaning 100), you
can make the following definition:

DEF CHAN(100, 101) = FREQ
To measure these channels, enter a SEND CHAN command:
SEND CHAN( 100, 101)
To ensure that the input signals are detected
accurately, the Counter/Totalizer input thresholds must

be properly adjusted. These and other adjustments are
described earlier in this section.
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Out-of-Range Conditions

The Counter/Totalizer is guaranteed to measure
frequencies down to 2 hertz. Frequencies below 2 hertz
cause a response of "9.99999E+37", signifying that an
error has occurred.

The Counter/Totalizer is guaranteed to measure
frequencies up to 400 kilohertz. Overrange conditions
are not detected. When the input frequency exceeds 400
kilohertz, erroneous readings may be returned.

PUTTING IT ALL TOGETHER

The following example can be typed in directly from a
terminal (TERM mode) or included in a computer program
(COMP mode). Refer to Section 4 under "Operating the
Front End from a Terminal/Computer" for more detailed
information. Also, Appendix 9A provides guidelines for
use with specific types of host computers.

MODE = TERM

FORMAT = DECIMAL

DEF CHAN (0..5) = FREQ
SEND CHAN (0)

This example assumes that the Counter/Totalizer (-167)
address is set for 00, its channel function switches
set to the FREQ position, the debounce/direct input
switches set to Direct Input, and the
floating/pulled-up resistor network moved to the
Floating position. It commands the Front End to operate
in terminal mode, sets the system variable FORMAT, and
defines channels 0 through 5 for frequency measurement.
The resulting measurement is made on channel 0 with the
SEND CHAN command.
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To verify a returned measurement, wire the test clock
output on the Counter/Totalizer rear panel connector to
the channel zero input terminal. The terminal
assignments for the connector are listed on the rear
panel. Since the test clock output and the channel
inputs use the same ground, it is not necessary to wire
a return line.

Using a small screwdriver, move the test clock switch
to position 2 (100 kHz). Measure the channels input
(SEND CHAN (0)) and verify a reading of:

1.00000E+05
If the response is "9.99999E+37", an error has
occurred. Enter the LIST ERROR command to retrieve the

associated error message. If necessary, refer to
Section 8 for additional error message information.
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Section 6E
Resistance Measurements
RESIST

INTRODUCTION
About This Section

This section explains the use of the Front End and
associated option assemblies for obtaining resistance
readings. Detailed information regarding the physical
installation of the Front End mainframe and options is
provided in Section 3.

Resistance Measurement

Resistance measurements, with or without conversion to
other measurement units such as position or
temperature, are directly supported by the Front End.

Measurements can be made with the Front End to
determine resistance, or to determine the value of
another directly related parameter. Many slide wire
pots, non-standard RTDs, and other sensors with
variable resistance outputs can be used to indicate
temperature, position, and other physical parameters.

Several types of variable resistance transducers are
discussed in greater detail in:

o 6G: Strain Measurements
o 6H: Temperature Measurement Using RTDs
o 61: Temperature Measurement Using Thermistors
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The Front End measures resistance by passing a stable
current through the resistor or sensor, and measuring
the voltage that results. Appropriate conversions are
then made to the sensed voltage and the output is
displayed as a resistance reading.

REQUIRED HARDWARE

Resistance measurement applications require one of three
option assembly configurations (A, B, and C).

The -161 High Performance A/D Converter, which provides
high accuracy analog-to-digital conversion of scanner
inputs, is used in Configurations A and B. The -165
Fast A/D Converter is used in Configuration C.

Installation of the required assemblies is detailed in
Section 3B of this manual, where the options can be
referenced by their three-digit numbers.

Configuration A

The first configuration employs the following two
option assemblies in addition to the High Performance
A/D Converter:

-163 RTD/Resistance Scanner
=177 RTD/Resistance Input Connector

This configuration provides the most accurate and
repeatable resistance readings with the lowest cost per
channel. Each RTD/Resistance Scanner and Connector set
provides current excitation and measurement for 20
resistance channels. This configuration is intended for
applications more exclusively involving resistance
measurements; all 20 channels must be used for
resistance measurement.

The RTD/Resistance Scanner configuration also provides

lead-wire compensation for performing accurate 3-Wire
resistance measurements.
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Installation is covered in Section 3B for each option
assembly being used. Briefly, these steps include:

(o)

Select the Measurement Mode

Set jumpers W1 and W2 on the RTD/Resistance
Scanner for the desired measurement mode.

Addressing

Addresses are determined by the both the position
of the RTD/Resistance Scanner (-163) relative to
the High Performance A/D Converter (-161) and the
address switch settings on that a/d converter.

Physical Installation

The RTD/Resistance Input Connector attaches to the
RTD/Resistance Scanner.

External Connections (see Section 3B, -177)

4-Wire (UW) Measurement Mode

Two sense and two excitation wires must be
connected to each channel. Lead-wire or reed
sWitch resistances do not affect readings.

3-Wire Accurate (3WA) Measurement Mode

One sense and two excitation wires must be
connected to each channel. Equal lead-wire
resistances are compensated for. Reed switch
resistances do not affect readings. Ten channel
returns are internally connected together.

3-Wire Isolated (3WCM) Measurement Mode

One sense and two excitation wires must be
connected to each channel. Equal lead-wire
resistances are compensated for. One reed switch
resistance error affects readings.
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Configuration B

The second configuration supports a wider mix of both
resistance and other measurement applications.
Excitation and measurement can be provided for several
types of 4-Wire resistance output sensors by the
following assemblies:

-162 Thermocouple/DC Volts Scanner
-176 Voltage Input Connector¥

* Any other input connector supporting direct
voltage measurement can be used here. These
include: -160 AC Volts Input Connector and -175
Isothermal Input Connector.

-164 Transducer Excitation Module
=174 Transducer Excitation Connector

The -162 Thermocouple/DC Volts Scanner is a plug-in, 20
channel, thermocouple and direct voltage, reed relay
scanner contained on a single peb. This selects and
conditions one channel at a time for conversion by the
High Performance A/D Converter. Connections to the -162
scanner can be made through a Voltage Input, Isothermal
Input, or AC Voltage Input Connector. This combination
(High Performance A/D Converter, scanner, and
connector) measures the direct voltage generated across
the resistance to be measured.

The -164 Transducer Excitation Module is used to
energize either the resistance sensors with an
excitation current or the resistance bridge
configurations with an excitation voltage. Used in
conjunction with the -174 Transducer Excitation
Connector, each -164 provides five current sources that
can excite up to four channels per source, and one
voltage source that can excite bridge configurations.
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Installation is covered in Section 3B for each option
assembly being used. Briefly, these steps include:

o

Addressing

The addresses for resistance measurement channels
are determined by the measurement hardware.
Therefore, both the position of the
Thermocouple/DC Volts Scanner (-162) relative to
the High Performance A/D Converter (-161) and the
address switch settings on that a/d converter set
the address.

Voltage/Current Excitation Jumper

Each group of four channels must be configured for
voltage or current output by correctly positioning
the respective jumper on the Transducer Excitation
Connector (-174). Refer to the connector decal for
details.

Physical Installation

The Transducer Excitation Module/Connector
(-164/-174) and the Thermocouple/DC Volts
Scanner/connector (-162/-175,-176, or -160) should
be installed one-above-the-other to facilitate
interconnections. Overall installation
considerations are discussed in Section 3B.

External Connections
Configuration B resistance measurements are

performed with the system connections shown in
Section 3B for the -174 connector.
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Configuration C

Configuration C is similar to Configuration B in that
it supports a mixture of measurement types.
Configuration C differs in that it uses the -165 Fast
A/D Converter in place of the -161 High Performance A/D
Converter and -162 scanner. The full hardware
requirements are:

-165 Fast A/D Converter

-176 Voltage Input Connector, or

-175 Isothermal Input Connector

-164 Transducer Excitation Module
-174 Transducer Excitation Connector

The -165 Fast A/D Converter is a plug-in measurement
card that supports a maximum of 20 differential voltage
measurement inputs. The Fast A/D Converter must be used
in differential mode with the -164 Transducer
Excitation Module. The -176 or -175 connector provides
convenient screw terminals for inputs to the -165 a/d
converter.

The -164 Transducer Excitation Module provides 1 mA
current sources used in making resistance measurements.
This option also provides voltage excitation for
bridge-type measurements. The -174 connector provides
screw terminals.

o Addressing

Resistance measurement channel addresses are
determined by the measurement hardware. In this
configuration, the address switches on the -165
Fast A/D Converter must be set. This setting
identifies the first 40 addresses of an address
block.

Since differential measurement inputs must be used
in conjunction with the -164 Transducer Excitation

6e-6



Resistance Measurements

Module, differential pair addressing rules must be
observed. Each pair must include a second channel
that is exactly 20 addresses higher than the
first. Therefore, differential inputs can be set
up for address pairs 0/20 through 19/39.

o Voltage/Current Excitation Jumper

Each group of four channels must be configured for
voltage or current output by correctly positioning
the respective jumper on the Transducer Excitation
Connector (-174). Refer to the connector decal for
details.

o] Physical Installation

The Transducer Excitation Module/Connector
(-164/-174) and the Fast A/D Converter/connector
(-165/-175,-176) should be installed
one-above-the-other to facilitate
interconnections. Overall installation
considerations are discussed in Section 3B.

o External Connections
Configuration C resistance measurements are
performed with the system connections shown in
Section 3B for the -174 connector.
USING THE COMMANDS
General

The DEF CHAN statement is used to set-up a channel or
group of channels for measuring resistance transducers.

CONFIGURATION A
For Configuration A, three ranges (256, 2048 and 64000
ohms) are available. The range selected is again

determined by the MAX parameter, with the default range
being 64 kilohms. The channel definition uses the
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following format:

DEF CHAN(channels)=RESIST, MAX=(anticipated high value)

CONFIGURATIONS B AND C

For Configuration B or C, two ranges (64 and 512 ohms)
are available. In specifying the highest anticipated
reading, the optional MAX parameter also determines the
appropriate range. If the anticipated high reading is
within the lower range, that range is selected. If no
MAX parameter is specified, the default (512 ohm) range
is used. The same channel definition format is used.

Interpolation Tables

At times, the resistance value returned by the Front
End may not be in the units or in the form that will
eventually be used by the computer. In such a case, a
transfer function must be used to convert the reading.

This function can be provided by the computer program.

Where the formula is known, this method may be all that
is necessary.
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But the transfer formula may not be known. Some types
of transducers are only provided with a table of input
and output values. The Front End's interpolation table
function can then be used as a transfer function.

An interpolation table allows for user-specified
input-to-output value relationships. When an actual
input falls between two table input values, a linear
interpolation is used to determine the output. If the
input falls outside table values, a linear
extrapolation is used to determine the output.

A complete discussion of interpolation tables is
found in Section 5.

Command Examples

Let's define channels 30 through 37 for resistance
measurement with an anticipated maximum reading of 300
ohms. For Configuration A, the 2048 ohm range is used.
For Configuration B or C, the 512 ohm range is used. In
the same statement, call the interpolation table
previously defined.

DEF CHAN(30..39) = RESIST, MAX = 300
Now, measure the resistance on the defined channels.
SEND CHAN(30..39)
If the reading is greater than allowed in the specified
range (as determined by the maximum anticipated value),

"9.99999E+37" is returned. This signifies that an out
of range error has occurred.
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PUTTING IT ALL TOGETHER

The following example can be typed in directly from a
terminal (TERM mode) or included in a computer program
(COMP mode). Refer to Section 4 under "Operating the
Front End from a Terminal/Computer" for more detailed
information. Also, Appendix 9A provides guidelines for
use with specific types of host computers.

MODE = TERM

FORMAT = DECIMAL

DEF CHAN (0..19) = RESIST
SEND CHAN (0)

This example assumes that the High Performance A/D
Converter (-161) address is set to 0 and that a
resistance is connected to either the RTD/Resistance
Input Connector (-177) (Configuration A used) or the
Transducer Excitation Connector (-174) (Configuration B
used). It commands the Front End to operate in terminal
mode, sets system variable FORMAT, and defines analog
input channels 0 through 19 for resistance measurement.
Since no MAX parameter has been specified, the highest
resistance range (Configuration A = 64 kilohm range,
Configuration B or C = 512 ohm range) is used. The
resulting measurement is made on channel 0 with the
SEND CHAN command.

For example, a 330 ohm resistor applied to the inputs
should be measured as:

3.30000E+02
If the response is "9.99999E+37", an error has
occurred. Enter the LIST ERROR command to retrieve the

associated error message. If necessary, refer to
Section 8 for additional error message information.
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Section 6F
Status OQutputs
STATOUT

INTRODUCTION
About This Section

This section explains use of the Front End and
associated option assemblies for making status outputs.
Detailed information about the physical installation of
the Front End mainframe and related options is provided
in Section 3.

Status Output

The Status Output control function is a single-bit
logic state output. Status outputs are used for such
activities as opening and closing relays, turning
indicator lights on and off, or opening and closing
valves. Status outputs can also be wired to provide
logic inputs to other devices.

REQUIRED HARDWARE

Applications involving status outputs require the
following option assemblies:

-168 Digital I/0 Assembly
-169 Status Output Connector

The Digital Input/Output Assembly allows the Front End
to exchange information with a digital peripheral
device. Four types of data exchange are possible: Alarm
or Status Output; Status Input; BCD Input; and Binary
Input.
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The Status Output Connector attaches to the Digital 1/0
Assembly (-168). It can send 20 single-bit output
signals from the Digital I/O to external control points
or terminals. Each output is individually selectable
and can be used either to drive lamps and relays or
change logic levels.

Installation for either assembly is detailed in Section
3B of this manual. Reference each option assembly by its
option number (-168 or -169).

As an overview, installation requires the following
actions:

(o)

Address Selection

With the connector detached, set the address
switches on the Digital I/0 Assembly. See Section
3B (-168).

Wiring Connections

On the Status Output Connector, make necessary
external connections to OUTPUT and RETURN
terminals and, if used as a relay driver, to the
appropriate CLAMP terminal.

Physical Installation

Attach the Status Output Connector to a Digital

I/0 Assembly installed in the Front End or an
Extender Chassis.
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) USING THE COMMANDS

General
Setting up status output channels involves the DEF CHAN
command to specify the channel (or group of channels)
and type. The CHAN statement is used separately to define
the output value (1 or 0). Any non-zero value is
interpreted as "1".
The output can be checked with the SEND CHAN command.

Command Examples
Let's define channels 20 through 29 as status outputs.

DEF CHAN(20..29) = STATOUT

Now, set the outputs for this block of channels to
logic "1".

CHAN(20..29) = 1
If you want to change the output value, enter:
CHAN(20..29) = 0O

Use the SEND CHAN command to check the last value set
for a specified group of status outputs.

SEND CHAN(20..29)
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PUTTING IT ALL TOGETHER

The following example can be typed in directly from a
terminal (TERM mode) or included in a computer program
(COMP mode). Refer to Section 4 under "Operating the
Front End from a Terminal/Computer" for more detailed
information. Also, Appendix 9A provides guidelines for
use with specific types of host computers.

MODE = TERM

DEF CHAN(O..19) = STATOUT
CHAN(0..19) = 0

SEND CHAN(O..19)

This example assumes that a Status Output Connector
(-169) is wired so that its terminals can be accessed
Wwith a digital multimeter. The connector is installed
on a Digital I/0 Assembly set for address 00. The
example commands the Front End to operate in terminal
mode, defines channels 0 through 19 for status outputs,
and sets the channel outputs for logic zero. The SEND
CHAN command verifies only the output value last
received by the Front End through the
"CHAN(channels)=0/1" command.

To verify actual status outputs, a digital multimeter
should be used at the output terminals. Use a DMM set:
for either the diode checking range or the ohms range.
Connect the DMM Volt/Ohm (red) lead to the channel
OUTPUT terminal and the common (black) lead to the
RETURN terminal. When the output is set for zero, a
high resistance (greater than 20 megohms) should be
found on each channel.
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Now send the commands:

CHAN(0..19) = 1
SEND CHAN(O..19)

Verify that the returned value is a "one" and that the
resistance measured by the DMM is lower (less than 9
megohms) .

If either response is "9.99999E+37", an error has
occurred. Enter the LIST ERROR command to retrieve the
associated error message. If necessary, refer to
Section 8 for additional error message information.
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Section 6G
Strain Measurement
STRAIN

INTRODUCTION
About This Section

This subsection explains the concept of strain and its
measurement by the Front End. Detailed information
regarding the physical installation of the Front End
mainframe and options is provided in Section 3.

Strain Measurement

Strain is the measurement of the deformity of an object
subjected to an external force. This type of
measurement is valid up to the elastic limit of the
object being stressed. Strain gauges are widely used in
such measurements as:

o Weight: load cells are commonly used to weigh
heavy objects.

o Pressure: pressure gauges are frequently strain
gauges mounted on a diaphragm that deforms in a
predictable manner under pressure.

o] Fluid Level: the fluid level in a tank can be

measured using a strain gauge mounted on a support
leg of the tank.
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Strain Measurement

STRAIN MEASUREMENT
General

The force deforming a body can cause an increase or a
decrease in a dimension of that body. Any increase is
considered positive and is termed tensile strain. A
decrease is negative and is called compressive strain.
Strain is normally expressed as the ratio of the change
in dimension over the original dimension (the ratio
itself is a dimensionless number.) See Figure 6g-1.
Strain is defined by the following equation:

“1 force
| —>
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T
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£=AL/L

Figure 6g-1. Strain
Poisson's Ratio

When a material is stressed, it expands along the axis
of the applied force and it contracts along an axis at
a right angle to the applied force. The negative ratio
of axial strain to perpendicular strain is called the
Poisson ratio. The Poisson ratio is a constant that is
a characteristic of the material. See Figure 6g-2.
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Figure 6g-2. Poisson Ratio

Resistive Strain Gauges

The resistive strain gauge is the most common variety.
It is composed of a serpentine of metal film on a thin
piece of plastic. This arrangement is highly sensitive
to strain in the longitudinal direction, but relatively
insensitive to strain in the perpendicular direction.
The resistive strain gauge, when bonded to the material
under test, changes resistance as the test material

undergoes deformation.
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Gauge Factor

The degree of change (resistance to strain) is
expressed as the sensitivity of the gauge (or "gauge
factor"). It is the calibration constant for the strain
gauge. The gauge factor, K, varies with the material
used in the gauge, the temperature, and the stress. K
is defined as:

K=(AR/R) / (AL/L)

Substituting e for AL/L, the general equation for a
resistive strain gauge becomes:

€= AR/R* (1/K)
Typical gauge factor values range from 2.0 to 4.0.
Micro Strain
Strain is typically measured with a resolution of 1.0E-6
(one micro strain). Remember that strain is expressed
as a ratio of the change in length divided by the
original length. It is a dimensionless measurement.
If a strain gauge has a resistance of 120 ohms and a
gauge factor of 2, one micro strain amounts to 0.24

milliohms change in resistance. Resolving 0.2 milliohms
out of 120 ohms requires very precise instrumentation.
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) Measurement Techniques

Special techniques are used to measure the incremental
change in resistance caused by strain.

A Wheatstone bridge (Figure 6g-3) offers one method of
measuring these small resistance changes. As strain
occurs, Vout changes in proportion to the change in
gauge resistance. The relationship of this resistance
change to Vout is non-linear. However, within the range
of interest, a linear equation can very closely
approximate accurate results.

1 1}—

Where: Vin is the input voltage to the bridge
Rg is the resistance of strain gauge
R1, R2, R3 are bridge completion resistor
Vout is the bridge output voltage

Figure 6g-3. Wheatstone Bridge
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A 1/4 bridge configuration exists when one arm of the
bridge is active (Rg) and the other arms are either
fixed value resistors or unstrained gauges. Vout is a
function of Vin, R1, R2, R3, and Rg as seen in the
following equation:

Vour = Vin * (R3/(R3 + Rg) - R2/(R1 + R2))

When R1/R2 = Rg/R3, the bridge is balanced and Vout
becomes zero. Referring back to the gauge factor
equation, it can be seen that the quantity to be
measured is the fractional change in gauge resistance
from unstrained to strained).

In a manual strain measurement system, the bridge
circuitry is usually modified by the addition of a
balancing resistor. Stresses induced in the strain gauge
when it is bonded to the tested material are nulled
(balanced) out by the balancing resistor when the gauge
is in its unstrained condition. While this method is
often satisfactory for single-point measurements, the
number of manual adjustments for balanced bridge
methods becomes cumbersome in multichannel systems.

A two-measurement system solves the manual-adjustment
problem. The first (initial) measurement is made after
the strain gauge has been mounted, but before it has
been subjected to strain. Subsequent measurements are
then subtracted from the initial measurement.

Anatomy of a Measurement

The equation for Vout can be rewritten as the ratio
Vout to Vin:

Vou/Vin = (R3/(R3 + Rg) - R2/(R1 + R2))

6g-6

~



Strain Measurement

This equation is relevant for both unstrained and
strained gauge conditions. With the unstrained value of
gauge resistance defined as Rg and the change due to
strain defined as AR;, the strained value of gauge
resistance is Rg +AR,. The effective value of
resistance in each bridge arm is the sum of all
resistances in that arm. Lead wires, printed circuit
board traces, and interconnects may all contribute to
this effective resistance. As long as these resistances
remain constant between the strained and unstrained
readings (and are relatively small compared to the gauge
resistance), the measurement is not affected. Later, we
will introduce a term to compensate for these
resistances.

The difference between the Vout/Vin ratio in the
unstrained state and in the strained state requires a
new term, Vr.

V.= (Vou(/ Vm) strained — (Voul/ Vm) unstrained

By substituting the resistor values that correspond to
the two Vout/Vin terms into this equation, an equation
for ARy/R;, can be derived.

ARg/Ry  =-4V,/(1 + 2V)
When combined with the equation for gauge factor (X),
strain can be defined in terms of Vr and K. This
equation describes the ideal behavior of a strain gauge
over a wide range of conditions:

£=-4V,/K(1 +2V,)
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Strain Measurement

This equation can be modified as follows to compensate
for conditions where there are significant lead wire
and termination resistances.

= -4V./K(1 +2 V) * (1 + RL/Ry)

total of all lead resistances
gauge resistance

where: RL
Rg

In practice, factors such as gauge hysteresis and
"creep" limit restrict the useful range of most
resistive strain gauges. In such cases, the Vr term in
the denominator is very small and can be ignored. The
1/4 bridge equation can thereby be simplified to:

= -4V,/K * (1 + RL/Ry)

REQUIRED HARDWARE

For maximum resolution and accuracy, applications
involving strain measurement can use the following
option assemblies:

-164  Transducer Excitation Module
-174  Transducer Excitation Connector
-161 High Performance A/D Converter
-162 Thermocouple/DC Volts Scanner
-176  Voltage Input Connector

For higher reading rates, where accuracy and resolution
are less critical, use the following option assemblies:

-164  Transducer Excitation Module
-174  Transducer Excitation Connector
-165 Fast A/D Converter

-176  Voltage Input Connector

These assemblies are documented in Section 3B. They can

be categorized within two logical functions: excitation
and measurement.
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Strain Measurement

) Excitation Hardware

The Transducer Excitation Module (-164) is used to
energize resistive strain gauges with an excitation
voltage. It is used in conjunction with the Transducer
Excitation Connector (-174). Together, each

164/174 set provides 20 channels of output.

Measurement Hardware
HIGH ACCURACY HARDWARE

The High Performance A/D Converter (-161) provides high
accuracy analog to digital conversion of scanner input
voltages. At least one a/d converter must be installed
in the Front End.

The Thermocouple/DC Volts Scanner (-162) is a plug-in,
20-channel thermocouple and multi-voltage range relay
scanner contained on a single pwb. The scanner operates
as a self-calibrating analog data multiplexer, linking
the High Performance A/D Converter to external
measurement points. It accepts a variety of analog
inputs, depending on the type of connector in use.

The Voltage Input Connector (-176) or Isothermal Input
Connector (-175) routes a maximum of 20 direct voltage
input channels to the Thermocouple/DC Volts Scanner.
The AC Voltage Input Connector (-160) can also be used
to route 10 direct voltage input channels.
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Strain Measurement

HIGHER SPEED HARDWARE

The Fast A/D Converter (-165) provides higher reading
rates than the -161, with some compromise in accuracy
and resolution. The -165 a/d converter is
self-calibrating. It measures 20 differential direct
voltage inputs directly.

The Voltage Input Connector (-176) (or the Isothermal
Input Connector (-175)) routes a maximum of 20
differential direct voltage inputs to the Fast A/D
Converter.

Installation Summary

A constant voltage power supply (the Transducer
Excitation Module) furnishes Vin. The Thermocouple/DC
Volts Scanner is used to measure Vout. The voltage
output of the unbalanced gauge is measured before and
after the strain is applied: the Front End performs the
required calculations.

Installation is covered in Section 3B for each option
assembly being used. Briefly, these steps include:

o Addressing

The addresses for strain measurement channels are
determined by the measurement hardware.

With High Accuracy Hardware, both the position of
the Thermocouple/DC Volts Scanner (-162) relative
to the High Performance A/D Converter (-161) and
the address switch settings on that a/d converter
set the address.

For Higher Speed Hardware, only the address switch

settings on the -165 Fast A/D Converter set the
address of a measurement channel.
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Strain Measurement

Voltage Excitation Jumper

Each group of four channels must be configured for
voltage output by correctly positioning the
respective jumper on the Transducer Excitation
Connector (-174). Refer to the connector decal for
details.

Physical Installation

The excitation hardware (Transducer Excitation
Module/Connector, -164/-174) and the measurement
hardware should be installed adjacent to each
other to facilitate interconnections. High
Accuracy measurement hardware includes the High
Performance A/D Converter, the Thermocouple/DC
Volts Scanner, and a connector (-176, -175, or
-160). Higher Speed measurement hardware includes
the Fast A/D Converter and a connector (-176 or
-175).

Overall installation considerations are discussed
in Section 3B.

External Connections

Strain measurements are performed with the system
connections shown in the following wiring diagrams
(Figures 6g-4 through 6g-6). Note that the LO to
SHIELD connection differs between types of
measurement hardware (High Accuracy or Higher
Speed). With High Accuracy hardware, connect LO to
SHIELD for each channel. With Higher Speed
hardware, connect LO to SHIELD on only one channel
per Fast A/D Converter.
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Strain Measurement

NOTE

On the input connector, tie LO to SHIELD on
each channel when the -161 High Performance
A/D Converter and -162 Thermocouple/DC
Volts Scanner are used. If the input
connector is used directly on the -165 Fast
A/D Converter, tie LO to SHIELD on one
channel only (per a/d converter.)
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Connector
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Figure 6g-4. Quarter Bridge Connections
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Strain Measurement

NOTE

On the input connector, tie LO to SHIELD on
each channel when the -161 High Performance
A/D Converter and -162 Thermocouple/DC
Volts Scanner are used. If the input
connector is used directly on the -165 Fast
A/D Converter, tie LO to SHIELD on one
channel only (per a/d converter.)
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Figure 6g-5. Half Bridge Connections
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Strain Measurement

NOTE

On the input connector, tie LO to SHIELD on
each channel when the -161 High Performance
A/D Converter and -162 Thermocouple/DC
Volts Scanner are used. If the input
connector is used directly on the -165 Fast
A/D Converter, tie LO to SHIELD on one
channel only (per a/d converter.)
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Figure 6g-6. Full Bridge Connections
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Strain Measurement

USING THE COMMANDS

General

Channel definitions for strain measurement can be more
involved than those used for other types of
measurement. There are six parameters to define
(STRAIN, TYPE, K, NU, VINIT, VEXC, RANGE). The STRAIN
type must be defined, but settings for each of the
remaining five parameters are necessary only if values
other than the defaults are required. Table 6g-1
describes these five parameters.

Table 6g-1. Strain Parameters

Parameter Description Default
K Gauge Factor 2.0
NU Poisson ratio 0.2
VINIT Initial voltage measured 0.0
VEXC Excitation voltage 4.0
RANGE Measurement range LO

If no default values are used, the definition statement
must be entered in the following format:

DEF CHAN(channels) = STRAIN, TYPE = (0,1,2,3,4, or 5),
K = (number), NU = (number), VINIT = (number), VEXC =
(number), RANGE = HI

If the default values for K, NU, VINIT, VEXC, and RANGE
are correct, the following syntax is adequate:

DEF CHAN(channels) = STRAIN, TYPE = (0,1,2,3,4, or 5)

And any combination of parameters between these two
extremes is possible.
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Strain Measurement

Strain Initialization

The first step in any strain measurement involves a
direct voltage reading of the unstrained configuration.
This establishes the value of VINIT, one of the
parameters mentioned above. For this measurement, make
a separate direct voltage definition for the channel in
question. Since the unstrained voltage is a small
value, specify the most sensitive range. Use the
following command line:

DEF CHAN(channel) = DVIN, MAX = .06

Now, monitor the unstrained reading with SEND
CHAN(channel). Then, specify any response other than 0
(the Vinit default) in the strain definition (VINIT =
(response)).

Bridge Configuration TYPE
The six bridge configurations available for strain
measurement are summarized in Table 6g-2 and
illustrated in Figures 6g-7 through 6g-12.
NOTE

The following symbols are used in Figures
6g-T7 through 6g-12:

€ measured micro strain

Vmeas measured gauge voltage (mV)

Vieu measured gauge voltage in unstrained
condition (mV)

v Poisson's ratio

Vex excitation voltage

K gauge factor
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TYPE

Strain Measurement

Table 6g-2. Strain Bridge Configurations
Description

Quarter Bridge (Figure 6g-7)
The quarter bridge configuration can be used where
there is a single active strain gauge.

Half Bridge with Equal and Opposite Strains
(Figure 6g-8)

This half bridge arrangement involves two active
strain gauges, both with equal and opposite
strains.

Half Bridge with One Principle and One Poisson
Strain (Figure 6g-9)

This half bridge arrangement involves two active
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