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HOW TO USE THIS MANUAL

This manual details the operation of all HI-Q paogmable intelligent controllers pictured on thenfroover. These include the HI-
QTBS, HI-Q123, HI-Q124, and HI-Q126 models. Du¢ht® variety of options and displays that can bed with a HI-Q
controller, portions of this manual that do notlggp your specific unit may be skipped. Matergjpresented in five sections:
Introduction, Hardware Options, General Operathuiditional Functions, and Reference.

Introduction - This section covers the basics of using a He@troller. All information necessary to unpack timét and establish
communications can be found here. Also covereldadasic command format and operating mode chaistits.

Hardware Options - Connection diagrams for all HI-Q hardware opsiane located here. The easy to read diagramsstavio
connect inputs, outputs, communication lines, anaegp supplies.

General Operation - All HI-Q data handling operations are coveredhiis section. From analog (A/D) inputs to analbg\C)
outputs, linearization to tare, bang-bang contsd?ID, this section covers the bulk of HI-Q funatscand operating methods.

Additional Functions - This section contains miscellaneous HI-Q funddithat may be used to aid and enhance HI-Q opgrati
Included here are emergency and manual control @rds) digital input functions, and SHOW commands.

Reference- Connection/wiring diagrams, a troubleshootinglgucommand list, ASCII codes, application notes] technical data
can be found in this section.

Should any problems arise while setting up therotlet, refer to the Troubleshooting section ong&8g for helpful hints andrror!
Reference source not found. Error! Reference source not found. for information on how to return the unit to a kmooperating
state.

The information provided in this manual is copytighby OTEK Corporation. This documentation istised and not sold.

OTEK Corporation reserves the right to make chatgesy product without further notice to improeiability, function, or design.
OTEK Corporation devices are not authorized foraseomponents in life support devices.

WARNING

In the process of improving these instrumentsiyp&al connections have changed as of Octobel 329.

Please refer to the typical connection diagramatkxtin section 5, page 17 and the master connetiagram
on page 73

Copyright © OTEK Corporation, July 1999. All rightsserved.

Printed in the United States of America.
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Introduction

This section begins with an overview of HI-Q feasiand options. It continues with a quick startgudor unpacking the HI-Q and
verifying its operation with a short demo. Commuatiigns setup and command format are then discuaked) with commands for
changing communication parameters. Finally, opegatiode commands, which determine how and wheHlitig performs any
functions, is presented.

1.HI-Q Programmable Intelligent Controllers

The HI-Q series of programmable intelligent conénd are rugged and reliable process controlledsdasplays. With multiple analog
input and signal conditioning options, the HI-Qisercan interface with most sensors on the makkgital and discrete 1/O is also
standard, resulting in a remarkably flexible degtugt is adaptable to almost any use.

Serial communication and push button controls nihkeHI-Q remarkably simple to set up and wihout programming! Simply
install the unit, set the process variables andfots, and the HI-Q will do the rest.

1.1 HI-Q Features

All HI-Q controllers are available with the follong:

* Analog or digital inputs * Non-volatile memory for important parameter storage

» Digital outputs e Built-in thermocouple & RTD linearization

e 500V input isolation (10-34VDC & 90-265VAC » User definable lookup X-Y tables/polynomials
Power)

e Full PID control algorithms

* RS232C, RS485, or RS422 serial communications -
e Lifetime Warranty (Ltd.)

» Keypad controls with security/lockout feature

Optional features include:

* Concurrent RS232C/RS485 communications » Digital input signal conditioners
* Dry contact inputs * Universal power supply
» High voltage inputs »  Explosion proof housing

* Analog input signal conditioners




1.2 Functional Overview

A block diagram of the HI-Q is shown in

Figure 1. Analog, discrete, and high voltage inputssmeasured, conditioned, isolated, and sehet€PU for processing. Serial
communications, 4-20mA outputs and 0-5Vdc outpresadl isolated. The CPU handles all data processing, engineedngezsions,
linearization, and alarms. The display and keypagdits are handled by a second microprocessor.
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Figure 1: A simplified internal structure of the4ql series controllers

1.3 Common Questions

How can a HI-Q controller be used?
The HI-Q line is extremely versatile. Use it for:

* Bang-Bang (ON-OFF) control e Temperature Control

e PID control e Smart Display

* Event Counting » part of a DCS/SCADA
What's the difference between a smart and inteiligentroller?

TTL inputs are tied directly to the CPU withoudlition. Only TTL level signals may be connectethiese lines.




As a smart controller, the HI-Q series can recsargal data, display it, perform complex calculas®n it, use it to set off alarms,
and control external equipment. As an intelligemitooller, the HI-Q can take measurements witlowa A/D converter to operate
independently of other systems or in concert witteocomputers/controllers.

Do | have to learn a programming language to us#l-#®) controller?

No. The controlling functions of the HI-Q serieg @re-programmed. Only process parameters neezldpdeified for the controller
to function properly. Plus, all of the HI-Q commarate shared among ALL models. Once you know thewands for one model,
changing to a different one is a snap.

Do | need a computer to configure and communicéte aHI-Q controller?

Yes. All basic functions can be accessed througtk#typad on the front of the display. Only moreeabed functions, like entering
user-defined tables and equations, require theflseomputer or hand-held terminal.

G.U.l. (Graphical User Interface): OTEK’s Fr&dJ| is available at www.otekcorp.com/software.htm
What if | need a function not found on the HI-Q?

OTEK offers FREE SOFTWARE DEVELOPMENT for contraligpurchased in quantity. Plus, our software lipiabeing
continuously expanded. For specialized applicafi@$STOM SOFTWARE can be ordered. Emaistdes @ otekcorp.cgndial
(520) 748-7900 to speak to a representative, or @ software needs to OTEK Corporation at (521)-2808.

Edition Description Software Revisior

September New Publicatiol
1996
September 2", New/Updated commanc | 2.2
1996 (rate limits, SA, DELAY)
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2. Quick Start Guide

This section explains how to remove the HI-Q cdtgrdrom its box and put it into operation. Itsajjas to familiarize the user with
the HI-Q.

2.1 Unpacking the Unit

While unpacking the HI-Q unit, inspect it carefulty damage or missing items. If an item is misongproken, contact your place of
purchase immediately. The HI-Q shipping packagdaios:

(1) HI-Q programmable intelligent controller

(1) User’'s Manual(this manual)

Mounting hardware (self locking nuts (4), flat wash(4), spacers (8)
Note: All matting connectors are included

2.2 Power Requirements

The standard HI-Q requires 5Va6% across its terminals and draws a nominal of &#ent. Other power supply options available
are:

10-32Vdc (24Vac) &
90-265Vac (100-360Vdc)

With either of these options, an isolated 5V, 50podver source is provided at the rear of the uniteominals TS3-1 and TS3-2. It
may be used to power external devices if carekintaot to exceed its maximum power rating. Sedthveer Supply Notesn page
55 for information regarding power supply wiring analtage requirements when using long cable runs.

2.3 Applying Power to the Unit

Refer toPower Supply Optionsn page 21 to determine which HI-Q terminals aregpbwer. To reduce the risk of electric shock,
make all connections while power is disconnected.

2.4 A Quick Demo

To verify proper HI-Q operation, run the displayre Pressing any keypad key will halt the demo.
1. Disconnect power from the unit.
2. Hold down any one (1) keypad key.

3. Reconnect power.




2.5 Installation

The HI-Q is a modular two piece design consistihtihe front and rear modules. The front moduliaésdisplay portion of the
device and the rear module is the user interfacgopoof the device. These two modules are condetct@ach other via the gold
plated 26 pin IDC connector. Installation of thie@®switchboard series instruments is easily acdigd by the following
sequence.

1. Carefully separate the two modules by pulling thetraight apart. Do not twist or bend the moduiesesthis may
cause damage to the connector.

2. Insert the front module with the rubber gasket thi panel cutout and slide the supplied spacdostbe brass studs.
One spacer on each stud should be adequate forimstatations however we supply enough for two gted for very
thin panels.

3. Carefully slide the rear module over the studslod the connectors.
4. Place the flat washers over the studs and pusb tigetrear module.

5. Install the self locking nuts and torque to 5-6hba-
3. Communicating With the HI-Q

There are many ways to communicate with a HI-Qs Thiapter describes how to communicate using kegpederial
communications, including RS-232C, RS-485, and R&-4

3.1 Serial Communications

The HI-Q series of controllers support the use $82C, RS-485, and RS-422 protocol. Refer to 0 Communication Options
on page 19 for wiring a HI-Q to a communicationswoek, PC, or terminal. The factory preset commatians settings are:

9600 baud, 1 start bit, 8 data bits, no parity, 1tep bit, no flow control

With the serial communication lines properly cortedcapply power to the unit. The following power+oessage will be
transmitted:

HI-Q by OTEK
Version 2.75
Address: ‘01’
Warming-Up...
*

Where nnn is the name of the HI-Q (TEK, DIN, TB83lor MEG). If this message does not appear, cteenkake sure the proper
connections have been made to the unit. Also maieetkse proper baud rate, flow control, and COM pettings are selected in any
communications software being used.

If necessary, hardware flow control may be usetl wérial communications. The serial port connestgimown irD Communication
Options simulate a hardware handshake from the HI-Q. #hile handshake signals are not being generakd veill send and
receive serial data as if the HI-Q is generatirgtoper signals.

3.1.1 Sending Serial Commands

All commands sent to a HI-Q must be preceded byetter ‘'S’ and the unit'siddress Since each controller can be assigned a unique
address or “name”, multiple units may be connetdtie same line without interference. Tduerentaddress for the HI-Q controller
is shown in its power-on message and defaultsito @ommands may be entered using upper or lowerciaaracters. Serial input is




automatically converted to uppercase. Commands/eztavithout a proper address will be ignored. &mmple, to see the current
scale stored in the unit, send #f®win command:

S01 showin <CR>

Where 01 is the address shown in the power-on mgessad <CR> is the carriage return or ENTER ke it will respond by
displaying the current settings for the input chelan

The asterisk (*) indicates the command was suaakgsiterpreted and executed. An incorrect commaiiidresult in a question
mark (?) being displayed: ?

3.1.2 Command Format
In this manual, the commands listed for the HI-@ k¢ given in the following format:

COMMAND <argl, arg2> [arg3: optl opt2] [opt3, opt4, opt5]
<argl> =
[opt1] =

The name of the command is showB@ALD type. Required arguments are placed in <triangtexkets and optional arguments are
in [square] brackets. A colon (:) after an argummaeans one of the options after it must also beifsp@. For arguments separated by
commas (,) pick only one of the listed choices. &guments separated by spaces, any number afghenents may be specified.
The <argl>= and [opt1]= boxes show the allowedpater values. Empty brackets [] indicate no paramistspecified. Commands
will be executed after the HI-Q receives a carrigggarn or ENTER key. For example:

STREAM <n>= [off serial displ disp2 disp3 dac1]
STREAM<n> [+,-: serial displ disp2 disp3 disp4 dacl dacj2

Determines which outputs are affected by stream <n>
[[= Shows current outputs affected by stream <n>
<n>=1,2,3,4,5,6,7

[off=  Removes all outputs from stream <n> [disp3]= Sends stream <n> data to display #3
[serial]= Sends stream <n> data to serial output [disp4]= Sends stream <n> data to display #4
[displ]= Sends stream <n> data to display #1 [dacl]= Sends stream <n> data to DAC #1
[disp2]= Sends stream <n> data to display #2 [dac2]= Sends stream <n> data to DAC #2

A '+ before an argument adds that argument tcetkisting output list for stream <n>.
A -’ before an argument removes that argument ftbenexisting output list for stream <n>.

This command has one required argument (<n>) aodyes of optional arguments. For the first opt®AREAM <n>= is followed
by OFF or a combination of the other arguments:

STREAM1= serial, displ, dacl (Sends stream ltddtee serial port, dacl)
STREAM2= (Shows current stream 2 values)
STREAMB3= off (Removes all outputs from stream 3)

For the second option, a (+) or (-) precedes eatibro

Stream1 -serial (Removes serial output from revistream 1 list)
Streaml +dac2 -dacl (Removes dacl output froramstteind adds dac2 output)
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3.1.3 Changing Communications Parameters

The address and baud rate of the HI-Q controllerbeachanged to suit most communications needshdiege the address, use the
ADDR command:

ADDR<new address>
<new address>= New address to give the HI-Q (6scimaax)

If the current HI-Q address is ‘01, the followitgmmand would change it to ‘TANKZ:

*S01 ADDRTANK1

‘TANKZ'

*
The unit will now ignore the ‘01’ address and rasponly to commands that begin with 'S’ plus ‘TANKTo change the
communication baud rate, use B&UD command

BAUD [nn]
[][= Show current baud rate
[nn]= 1200, 2400, 4800, 9600, 19.2K

When changing baud rates, the unit immediatelyches to the new communications setting. After usiiregbaud command, be sure
to change any communication software or terminablsettings to match the new HI-Q baud rate.

3.1.4 Communications on a Network

If more than one HI-Q is connected to the samalseommunications network, such as on an RS-488rsyst becomes necessary to
limit the amount of serial output from each HI-Qhi§ can be accomplished by sendingt&l command to each unit on the
network. After receiving thBIET command, the HI-Q will process data and commasdssaal, but will only send serial output in
response to thEEND command. Effectively, the HI-Q becomeBsteneror remotedevice (polling).

On a typical network, all listeners or remotesametrolled by a single computer. When a respondesged from a particular HI-Q,
it is ordered to transmit its most recent readiogs the network with thEEND command. In this manner, each unit on the network
can be “polled” for data when it is needed withleating a single unit clog the network.

To enable normal serial responses from the HI-@ tluisLOC command. This command allows the HI-Q to contirslyptransmit
serial data.

3.1.5 Other Commands

Commands relating to specific functions of the He@troller are covered in detail throughout thenmal and are listed
alphabetically inThe HI-Q Command Seh page 57.

3.2 Keypad Communications

Many HI-Q commands may be accessed via the foukéypad buttons. The keys work on a menu drivetesy, providing access to
command groups in related sections. In additiooh éay can be assigned a command that will executeediately when pressed.
To enter the keypad menu, press and hold the inkgy until the bargraph elements cycle.

If the keypad is password protected, the HI-Q wdtjuest a password before entering the menu maageprbper password must be
entered to use the keypad commands.

2 The new setting is used until the HI-Q is resdbses power. See section@perating Modeso make permanent changes to HI-Q parameters.
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3.2.1 Navigating Keypad Menus

When in the keypad menu, use the seldBt) key to find the desired sub-menu. Pressing titer¢®) key “drops” into the selected
sub-menu. The up/modify€ ) key will return to the previous menu. The newnmeame will appear on the display.

To return to the top of the menu tree at any tioness the menUM) key. Pressing the men®) key while at the top of the tree exits
the menu mode.

The display will flash briefly at the “end” of a me branch if there are no sub-menus to select flomomplete menu tree is listed in
Display Meny on page 71.

3.2.2 Selecting and Changing Parameters

At the end of a menu branch, the seleét | key will cycle through a list of commands andarameters for that sub-menu. Press the
enter @) key to execute the command or change the paramete

3.2.2.1 Numerical Parameters

To change a numerical value such as a limit, ussehect (> ) key to cycle through the digits in the numbere Tip/modify )
key will change the value of the blinking digit. \finthe entire number has been entered correctlgsthe enter®) key. The HI-Q
will ask for confirmation of the change. Press e(®) again if the new value is correct, or press thenadify (« ) key to abort the
change.

3.2.2.2 Commands and Parameters

Commands and parameters in a sub-menu blink tiogiissh them from other sub-menus. To add or renagparameter from a sub-
menu (such as a stream output), or execute a cothrfiad the proper item with the select | key and press the ente® ) key. As
with numerical parameters, the HI-Q will ask fonfiomation of the change.

3.2.3 Locking Menu Items

Menu items and sub-menus can be ‘locked out’ tegireinadvertent access. To lock or unlock a masma,ienter the lockout mode
by holding down the up/modify%X) key then pressing and holding the meM) key until A1 flashes on the display. Enter the
required password. Use the selett)@nd enter ®) keys to find the appropriate menu item, then peesd hold the mend®) key
until the decimal points in the item name turn dnlat decimal points indicate a locked menu iterhile unlit decimal points
indicate unlocked items. Momentarily pressing trenm @) key will exit the lockout mode.

3.2.4 Programming the keys for special functions

The four keys on the front can be specially progresal through the serial port to perform a speciatfion or series of functions.
The functions can be as easy as displaying thevalar with one key then clearing and returnindh¢urrent value with another
key. A more complex function would be a completerogramming of the unit on the press of a keyis Ehuseful in testing
multiple devices with a single HI-Q meter. An exdenwould be in the testing of motors. Differeiziesmotors require different
settings for testing. The keys can be set soethélt key represents a different size motor.

Since these keys are also used for the main mealkety presses required for the special functioeasrmmentary presses.
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3.2.4.1 Keypad assignment
The four keys are assigned special names for set up

E-MENU
“=TOP
» =Right
©® —Enter

To assign special functions you must first esthkdiserial connection from the HI-Q to a PC or bpptomputer. Once the
connection has been verified send the command 8. The HI-Q will respond with the message “Engygad commands —
press ESC to quit”. At this time you can enterdbemand or group of commands that you would likexecute when the®()
key is pressed. The above would apply to all keythe HI-Q.

Simple example: Setting up the unit so that th¢ key displays the max value and tH®)(key clears that value and returns to
the main loop.

Send the following commands: S01 enter<CR>
S01 newmaxmin <CR>

S01 egnlsl=cl<CR>
ESC (press the escape key when finished)
The N send the commands: S01 top<CR>
S01 egnlsl=max1<CR>
ESC (press the escape key when finished)
The unit is now set up to display the max readihglwannel #1 when the*() key is pressed and will return to the normal aefirg
mode and clear the max value when t®9 key is pressed.

To view the current keypad assignments send theVBKIE)YY command (SO01 showkey). Each key, along witassociated
commands will be listed. If no commands are ligtedch particular key, nothing will happen whengzed momentarily.

4, Operating Modes

The HI-Q can be powered-up in one of two distinprating modes. USER mode is the normal operatiogdemand can be used to
make the HI-Q take readings and update its ouguttsmatically on power-up. DEFAULT mode is a spleciade used for
troubleshooting. In each of these modes, HI-Q dmera&an be turned on and off under both hardwadesaftware control.

4.1 USER Mode

If the TTL3 input is unconnected during power-upfahe USER command is given, the HI-Q enters USER mode. pdirating
parameters are read from non-volatile memory (eapend HI-Q operations continue according to thedees.
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4.2 Saving USER Parameters

After the HI-Q has been configured and is operatisglesired, thé&/RITE (SO01 write) command can be used to save the current
operating status. Entering USER mode will recadl $aved parameters and resume the operating gtagent when the lagtRITE
command was given.

4.3 Turning HI-Q Operation On/Off

Unless instructed to do otherwise, the HI-Q palyentits for commands to execute. It will perforte mormal operation of
continuously reading inputs and updating outputg when instructed to RUN.

4.3.1 Run/Stop Commands

The simplest way to enable HI-Q operation is wittRUN (SO01 run) command. This command instructs the HI-Q to réathputs
and update its outputs until given t8€OP (S01 stoprommand. While running, the HI-Q will still accegmmands from the serial
input and keypad.

4.3.2 TTL3 Control

Another way to enable HI-Q operation is with theLBTinput. Issuing th&@ TL3ON (S01 ttl3on) command instructs the HI-Q to
RUN when TTL3 is high or unconnected and STOP whER3 is low. TheTTL3OFF (S01 ttl3off) command disables TTL3 control
of HI-Q operation.

Do not use TTL3 control with theAP or COUNT functions. These functions use the TTL3 input essat line and will not work
reliably with TTL3 run/stop control on.

4.3.3 SEND Command
The HI-Q can be instructed to RUN/STOP with 8ND command:

SEND[n]
S01 send <cr> = HI-Q reads inputs and updates tugmee.
S01 send5 <cr>= HI-Q reads inputs and updates tupiimes
Note: maximum number of consecutive sends is 25nwiot in the RUN mode.

This command instructs the HI-Q to RUN for 5 readinAfter 5 readings, the HI-Q will automaticalBturn to its previous operating
state. While operating under t8&ND command, the HI-Q will accept serial input, butlwibt execute serial commands or execute
some keypad functions until all [n] readings hagerbtaken.

4.3.4 Initial RUN Delay

After being told to RUN, the HI-Q begins taking de@ggs after executing a programmable delay of upbto seconds. This delay can
allow a process to warm up after a power-on beffoeeHI-Q takes control. Set this delay with tBELAY (S01 idelay)command:

IDELAY 10 =10 seconds of initial delay after emitgg RUN mode
Note: maximum initial delay time is limited to 256conds (4.25 minutes)
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Hardware Options

This section covers the different hardware optwveslable with the HI-Q. The types of signals eaphion uses and its external
connections are presented. This information shbeldsed when connecting signals to the HI-Q tdy#nat all connections are
made properly and that the appropriate signal $eaed being used.

Because each HI-Q controller has a unique setpoftioutput options, refer only to the options sfiedifor the particular unit being
connected. Use therdering Informationon page 77 & 78 to determine which external teatsiare used for each input/output
function.

5. Input Options

HI-Q inputs are determined by its part number. Thisiber is located externally on the unit and sthéwel used for reference. See
ordering informationon page 73 to determine the input option for aifipeunit.

5.1 Voltage and Current Inputs (DC or AC)

Voltage and Current inputs (DCV, DCA, ACV, ACA, Dénand ACmA should be connected per the followinggdam using
terminals 7 and 8 for channel#1, 9 and 10 for ckhbtih 11 and 12 for channel#3. Depending on théamoumber ordered, the input
will be either DC or AC. Jumpers inside the fromtdule allow for easy range selection of 500mV, 58/, 300V, 5mA, 20mA and

500mA.
1 7 12
|lee00.0.0.0.0.0.0.0 01

+5V | +LAMP DEF TTL2 TTLI ’ ‘ ‘ ‘ ‘
oVRET CHL+ CHI- CHR+CHR2-CH3+CH3-

HOW TO CHANGE THE RANGES FOR V & mADC:

1. Remove rear module. 2. Remove the rear coveisave the screws. 3. ldentify the bankmofjers on the lower right hand
corner of the P.C.B. and their number. 4. Wisefollowing table for range chand¢OTE: If not specified at time of ordering,
the unit is shipped with 0.5V F. S. or 5SmA F.S. &diny other input type (RMS, Hz, etc.) must benged at the factory.

RANGE (F.S.) | JP1 JP2 JP3 JP4 JP5 JP6 JP26 CH. 1
JP7 JP8 JP9 JP10 JP11 JP12 JP27 CH. 2
JP13 JP14 JP15 JP16 JP17 JP17 JP28 CH.3

0.5V OFF OFF OFF OFF OFF OFF ON

5V OFF OFF OFF OFF OFF ON OFF

50V OFF OFF OFF OFF ON OFF OFF

300V OFF OFF OFF ON OFF OFF ON

4-20Ma OFF OFF ON OFF OFF OFF ON

5SmA OFF ON OFF OFF OFF OFF ON

50mA ON OFF OFF OFF OFF OFF ON

5.Test for proper range by plugging in the reaeadsy and if not ok, verify Step #4. If ok repldusck cover and screws. Mount
in panel. 6. Apply power and signal and rdxalie for proper ZERO and SPAN (see Command Spyof0).

15




5.4 Strain Gage/RTD/Resistance Inputs

Strain gage, RTD, and resistance inputs shoulditeglas per the following drawings. When using 3 evire RTD’s, connect the
reds and whites together for each channel.

RTD, Resistance

1 / 12

wlleeee e 0000 0l

+oV ‘ +LAMP  DEF TTLe TTLI
SVRET
Jd -
CHANNEL #3
- 87hq_rtd
CHANNEL #e2
+ —
CHANNEL #1
Strain-gage (load cells)
Do
s|le e eee00.0.0.0.0.0)07
+5V ‘ +LAMP DEF TTL2 TTL!
SVRET
+EFE-SHES
8/hg_sg
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5.5 Thermocouple Inputs

Thermocouples can be connected using the follodragiing. The terminals are marked + and — siniferdint thermocouple
manufacturers use different colors. In most chsegver, the RED wire is the negative or (-) areldther wire is the positive or (+).
Diode D5 is used for the junction compensationtiaim extremely accurate temperature measuremeotsbest results, the
thermocouple wire should be connected directih®oHI-Q’s terminals. In cases which this is nasgble, the use of thermocouple
extension wire is acceptable.

Notes:
1. No isolation exists between channels.
2. Do not use grounded thermocouples.

1 / 12
D5

lleeseeese e .

+5V | +LAMP DEF TTL2 TTLI ’ ‘ ‘ ‘ ‘
oVRET CHL+ CH1- CH2+CH2-CH3+CH3-

87hg_tc
5.7 Discrete Inputs

The discrete inputs are standard on the HI-Q dod/dhe HI-Q to be re-configured on the fly. Byogramming TTL1 or TTL2 to
act as actions, the HI-Q can serve multiple apptina from within one unit. The inputs TTL1 and02lare internally pulled up to
+5V and when pulled down externally, must be putledn to the 5VRET terminal (#2). These inputsase used for counting
pulses, measuring frequency, period and time iaterVhe inputs are protected internally from owttage however, TTL levels
should always be observed when using the HI-Q.

1 / 12
Do

|le e e e 0000000t

+5V | +LAMP DEF TTL2 TTLI ’ ‘ ‘ ‘ ‘
JVRET CH1+ CH1- CH2+CH2-CH3+CH3-

87hqg_dca
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6. Output Options

HI-Q outputs are determined by its part numbersThimber is located on the back side of the frardute on the unit and should be
used for reference. See

6.1 Voltage Outputs

Output option 2 is the 0-5VDC ISOLATED output. Taleove diagram shows how to connect voltage outputs
The minimum load allowed for this voltage outpul@K ohms. Most electronic voltmeters, chart rdeos, valves and other devices

have input impeadances greater than 1 Megohm. T<5

+0OUT . 2

8/HR_DCVUUT

6.2 Current & Power Outputs

The analog output, when used in the current maalepe adjusted for 0-24mADC, 0-20mADC, 4-20mADG4mADC
depending on the configuration and the dscalefseébgettings. This output option has a maximuwwable load of 1K ohm. The
current output is of the source type and doesetpiire and external power supply for operatione $burce voltage is 30V

maximum and 24V typical.
The Transducer power output option provides isdlae15VDC or +30VDC power for your 4-20mADC trangiers. The

maximum available current is 30mADC.

4-20mADC output Transducer power output.
_ +15V
& . +15V / S
e +30V <GND ®
“UUT e ECVASEN N

8/HX_DCAOUT 87hq_powerout

6.3 Relay Outputs

Relay output connections are shown on the righte fElays can be Connected as either Normally QeD.) or Normally
Closed (N.C.) And the software can also be conédwas Normally energized or Normally De-energiz€&his allows for
total system flexibility and Fail safe operation.

18




ro
Mo

COMM ON

1 o N.C.
o N.O.
COMM ON

o NC.

o N.O.
6 COMM ON

Lo

o NO.
COMM ON

o NC.

12 _oNO.

OO %
[ D MMM MMM NN | g%
(@))

12

OPEN COLLECTOR OUTPUTS ARE RATED AT Relay contects are rated a 5amps/120VAC
250mA EACH (0.25A) AT 5VDC. resistive load. For larger |cads, use these relays
torip exemalrelays.

87HQ_OCT 87HQ_RLY
7.  Communication Options

The HI-Q can be ordered with RS232, RS422 or R$48al communications. All the serial connectians made through the
standard DB9 connector. When using RS232, anylatdrDB9 cable will work without modifications. &B9 on the HI-Q is a
Female type. When using RS422 or RS485, a speaiidé must be made in order to achieve communitstio

87HQ _DB9

7. Communication Options (continued)
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FROM MASTER

OR OTHER

RS422 DEVICES e A Qe

TO OTHER
RS42e
DEVICES

>

ADD TERMINATING RESISTORS (RT) TO FIRST AND
LAST UNIT (120& TYPICALD

Fi 87HQ_485
RXD1
(TXD>
TXDI
(RXD> —
RS—c32-C/4c2/483
CONCURRENT USE
GND1 END
(GND>
coMP
RXA RXA
NOTE: o -
L ONLY CONNECTIONS TO FIRST UNIT ARE
REQUIRED FOR RS-232C | 2B 2B
2. SINCE ALL HiQ's RS TRANSLATORS ARE
ISOLATED FROM OTHER L/0 ONLY CONNECT TXA TXA
GND. TO THE COMPUTER END
RT RT
TXB TXB
HIGL HiRS HIG3 HIGN
ADD TERMINATING RESISTORS TO FIRST AND
LAST UNIT (120§2)
F4 87HO_XLT
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8. Power Supply Options

The HI-Q power supply input range is determinedt®yart number. This number is located externatiythe unit and should be used
for reference. Seerdering informationon page 73 to determine the power supply optiom fearticular unit. The following diagrams
show the different power supply connections toHh€).

pl_te
1S3 +LAMP DEF TTLZ TTLI ’ ‘ ‘ ‘ ‘ ‘

CH1+ CHI- CH2+CH2-CH3+CH3~

oV
oV RETURN

87hq_5V

8/HQ_powerin
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General Operation

All data gathered by the HI-Q must follow a pattopérations before it can be displayed or useah asigput. Like a product on an
assembly line, the operations along the path refirelata and convert it to a more useful formdé¥standing how this data path
works makes using the HI-Q a snap.

There are three major portions of the HI-Q dat&:paput channels, calculations, and stream outputshree sections can be seen
in Figure 2. Each section takes the data it isrgiweodifies it if required, and passes it to thetrsection.

The input channels (analog and digital) read data fexternal inputs and sensors then perform thle soffset, averaging,
linearization, and tare functions. Inputs to tfest®on can come from the serial port, analog inpartérom a digital input function.
The results of these operations are saved fomugeicalculations section.

E quation Feedback

S I:‘> 777777777 [I:‘> Channel 1 Stream 1

E

R Stream 2

[ ﬂ,,,,AJD,,{i) Channel 2 Linearization

A Inputs Averaging Math Equation Stream 3 .

L Scale/Offset and Stream 4 '\f_?,)r(,/i't\im
ﬁ ,,,,,,,,, [:“> Channel 3 Tare Control Actions

| Algorithms Stream 5 Outputs

N

P ﬂ ,,,,,,,,, EI:“> Channel 4 Stream 6

U Digital

T Functions Stream 7

Figure 2: HI-Q data flow organization

The calculations section combines data from thatiepannels with mathematical formulas and equatitircan also perform control
algorithms, including PID and ramp + soak. The ltesaf these operations can be routed to seveerdiit output areas known as
streams.

The stream outputs take data from the calculaseston and send it to the appropriate hardwarta E&n be sent to the analog
output, the serial output, or to the display. Ttieasn outputs also take max/min readings, perfamt talculations, and execute any
actions specified by alarm conditions.

The next four chapters explain in detail the openadf the HI-Q data path. This knowledge isracial part of understanding how
the HI-Q operates. The concepts and terminologygmted in these chapters will be used througheutdst of this manual.
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9. Input Processing

All data gathered by a HI-Q controller is placetbian input channel where it may be easily mantpdland processed. This chapter
describes how the HI-Q uses its four input chantoefead and process data.

9.1 Input Channels

A channel is a path or sequence of operationsisl@@ssed through before it can be used in caéionkor control algorithms. Data
in a channel is processed to make it more suifabléisplay and manipulation. Figure 3 shows a lbidiagram of how the four input
channels in a HI-Q controller are arranged.

Equation Feedback B

Channel | Linearizatio | Running Avera¢| Scale/Offse | Tare

l

l

Channel | Linearizatiot | Running Averac| Scale/Offse | Tare

Channel | Linearizatio | Running Avera¢| Scale/Offse | Tare

l

>—>»0 —HCTuz-—

Channel | Linearizatio | Running Avera¢| Scale/Offse | Tare

l

Figure 3: Input channel organization.

9.2 Input Channel Operations

Each input value is placed into its own channelpfmcessing. The data in the channel is then linedy averaged, scaled, offset, and
tared as desired. If an operation is not needed fecific input, it may be bypassed. The requltiata is then ready for use in
calculations and control algorithms.

9.2.1 Channel Inputs

Data for input channels comes from analog, digéad serial sources. Up to four serial, three apalnd one digital input can be
manipulated by the HI-Q.
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9.2.1.1 Analog Inputs
Analog measurements are placed into input chanmvitighe CH<n>ON command:

CH<n>0ON
<n>=1,2,3
Example: SO1 chlon<cr> turns on channel #1. Ctiyrethe HI-Q allows for up to 3 analog input chateand 1 digital input channel
(channel #4)

This command takes data from the correspondingidDt and places it in the channel where it maynla@ipulated by input channel
operations. A/D inputs can be turned off with @g<n>OFF command:

CH<n>OFF
<n>=1,23
Example: S01 chloff <cr> turns off channel #1.

9.2.1.2 Digital Input Measurements

Digital measurements are made by specifying aaigiput function. Details for each of these fuans can be found & 13.2
Digital measurements. The HI-Q places the results of thessurements in input channel 4.

9.2.1.3 Serial Inputs

Data for input channels can be obtained from thialggort with theCHN command. This command takes data from the seipail i
and places it in the specified input channel.

CHN<n> [ffff]
[ffff]= Value to place in channel <n>
<n>=1,23,4
Example: S01 chnl 5000 places the value 5000 ameh#1, which is then processed and sent to #@ayi, dac and relays if desired.

9.2.2 Linearization

The first operation that can be performed on antichannel is linearization. Inputs from non-lineaurces such as thermocouples,
RTDs and horizontal cylindrical tanks can be malaifmad to provide linear output values. HI-Q coliéns have two methods of
providing linearization: lookup tables and polynaisi

Lookup tables compare input values to sets of ddsirput/output results and determine the outplutevélirough interpolation.
Polynomials linearize data by passing each inplutevénrough the ninth order equation:

Y = AgX®+ AgXB+ A X7+ AgXE+ AcX® + AX+ AXC + A X2+ A X +Ag

The coefficients #Ag are chosen to counteract the non-linear outputcheristics of the sensor being used. The linatoz
method used by the HI-Q is determined withltié command:

LIN <n> [OFF, PZ, TZ, sensor type]

[[=Show current linearization for channel <n>

[OFF]= Turns linearization for channel <n> off

[PZ]= Sets linearization to user polynomial

[TZ]= Sets linearization to user table

[sensor type]= Enables built-in linearization feefisor type]

<n>=1,2,3,4

Example: SO1 LIN1TZ<cr> sets linearization of cheln#il to the user created table.
SO1LIN1J turns on linearization for type J thermgae. Use the TEMPUNITS command to select the umits
degrees C, F or K.
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R type thermocouple
S type thermocouple

Use the TEMPUNITS command to set the desired owti@, °F or °K. Example SOITEMPUNITS1F sets channel #1Ro

9.2.2.1 Defining Polynomials

The user-defined polynomial (PZ) is a single segnfh order polynomial defined by its coefficientdie current values of these
coefficients can be viewed with ti#-HOWPOLY (S01 showpolytommand. To change an individual coefficient, SETA
command:

J J type thermocouple T T type thermocouple

B B type thermocouple E E type thermocouple

N N type thermocouple RTD Europeam=0.0038%/Q/°C
E K type thermocouple RTD  ANSIa=0.00392/Q/°C
S

SETA<n> [ffff]
Sets a single polynomial coefficient
[[= Shows current value of A<n>
[ffff]= Sets A<n> value to [ffff]
0<n<9
Example: SO1 setal<cr> will show the value of dofit A1. SO01 setal 10-3 12+4 will change thecAgfficient to 10-3 12+4.

To enter or modify the entire polynomial, use tSETP (S01 setprommand. This command will display each polynomial
coefficient (starting with A) and prompt for a new value. To keep the curvahie, simply press ENTER. To use a different value
type the new value and press ENTER. The HI-Q witbrd any changes and move on to the next coetfticidter all coefficients
have been viewed/modified, the HI-Q will displa tasterisk (*) prompt. Editing can be stopped gt@oint in the polynomial by
pressing the ESCAPE (Esc)key.

9.2.2.2 Defining Tables

The user-defined table (TZ) is a set of 25 (X, Yinp®which are used to interpolate input dataifoedrization. The current user table
can be seen with tteHOWTABLE (S01 showtable)command. The X coordinates correspond to inputegafar the table, while
the Y coordinates represent the HI-Q output foheamresponding X input. To enter or modify a singlble point, use thHeETX
andSETY commands.

SETX<n> [ffff] SETY<n> [ffff]
Sets a single user table X coordinate Sets a single user table Y coordinate
[[= Shows current value of X<n> [I= Shows current value of Y<n>[ffff]= Sets Y<n>lue to
[ffff]= Sets X<n> value to [ffff] [ffff]
0 < n< 24Example: S01 setx1 10 sets the input value of 0 < n< 24Example: SO1 setyl 15 sets the output
X1 to 10. value of Y1 to 15.

Setting X1 to 10 anf Y1 to 15 will change the chelsrvalue to 15 when 10 is reached.

In order to process inputs quickly, the HI-Q regaithe X coordinates to beascendingorder. The first X coordinate that is smaller
than the previous X coordinate will mark the endhef table. This is useful for defining tables lésm 25 points. For example, to use
a 3 point table, the following coordinates couldebeered:

Coordinate Numb X Y
0 -25 0
1 -10 10
2 50 | 10C
3 0 0

A SHOWTABLE command will display only the first three poin&nce X3 is less than X2, the table ends at X2nTrease the
length of the table by one point, enter a valuedrthat is larger than X2 and make sure X4 is teas X3.
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To view and modify the entire table, use 8fTT command. The HI-Q will show each X and Y coordiaind prompt for a new
value. To keep the current value, press ENTER.SEoaudifferent value, type the new value and FE®SEER. After all table points
have been viewed/modified, the HI-Q will show tiséeaisk (*) prompt. To stop editing at any timeegs the ESCAPE key.

9.2.3 Running Average

If an input signal is noisy or fluctuates betweatues rapidly, it can be smoothed out with averggiie averaging prevents abrupt
output changes during large input jumps or fludturest. HI-Q controllers use a weighted arithmetioming average to filter input
signals. Figure 4 shows the effect averaging has sauare wave input.

The effect of averaging can be adjusted by chantiiegveight of the average. The larger the weigjtfrctor, the quieter the output
and the slower the output response to input vanatiThe weighting factor is specified with tWéG command:

AVG <n> [dddd]
[[= Shows current average weight for channel <n>
[dddd]= Sets channel <n> average weight to [dddd]
dddd = 0,1 disables channel <n> averaging
<n>=1,2,3,4
0 < [dddd]< 255
Example: SO1 avgl 8 sets the averaging of charin&l 8. Since the HI-Q’s standard read rate isel&ind with one channel on, the
average of 8 will take approximately % second tidesto the actual value.

1

0.9 +

0.8 T

0.7 +

0.6 T

0.5 +

Output

0.4

0.3 T

0.2 +

0.1+

0 - A
1 7 183 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115 121 127 133 139 145

# of Samples

Figure 4: The effect of averaging a square wave
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9.2.4 Scaling to Engineering Units

After averaging, each channel undergoes a scaleftsel. These operations are used to transforriltereed input data to the
desired units for display. Data is scaled accortlirttpe linear equation:

y=mx+b with “y” the output and “x” the input.
Example for 4-20mADC:

The 4-20mADc is by far the most common input signaded. Converting the 4-20mADc signal to engingaunits would be
per the following.

X=Required reading at 4mA,

Y= Required reading at 20mA,;

Then SCALE = (Y-X) / (20mA-4mA)

OFFSET = X — (4mA x SCALE)

With a desired reading of 5000 at 20mA and 0 at 4heh;
Scale = (5000 - 0) / 16 = 312.5
Offset = 0 — (4 x 312.5) = -1250
Then enter the scale value of 312.5 and the offsdee of —1250.0. The HI-Q will read 5000 at 20m&8&nd 0 at 4mADC.

SCALE<n> [ffff] OFFSET<n> [ffff]
[[= Shows current scale for channel <n> [I= Shows current offset for channel <n>
[ffff]= Sets channel <n> scale to [ffff] [ffff]= Sets channel <n> offset to [ffff]
<n>=1,23,4 <n>=1,23,4
Example: SO1 scalel 6.25<cr> Example: S01 offsetl -25

9.2.5 Using Tare Values

Subtraction of a tare value is the last operatinrigpmed on each input channel. The tare functidstracts a previously recorded
input value from all subsequent readings.

TARE<n> [ON, OFF, NEW, ffff]
[[= Shows current tare value for channel <n>
[ON]= Turns channel <n> tare on
[OFF]= Turns channel <n> tare off
[NEW]= Reads a new tare value from channel <n>
[ffff]= Set channel <n> tare to [ffff]
<n>=1,2,3,4

Tare is most often used to take measurementsuelkatia base reading. For example, if a weightinggof 350Lbs. is recorded as a
tare value, a 15000Lb. input will be displayed 4630Lb. after the tare is subtracted.

27




10. Calculations and Control Algorithms

Once data gathered by a HI-Q controller has patbsedgh an input channel, it can be used in mattiead@quations and control
algorithms. These functions are used to generdties#or the output streams, which update the ajsglerial output, digital outputs,
and analog outputs.

10.1 Performing Calculations on Channel Data

After all inputs are measured and conditionedyéselting data goes through a series of calculatiblere, output values are
generated by using the data in up to seven sepagations. These equations can include the addit subtraction (-),
multiplication (*), and division (/) operators aglMas the square root (SQRT) function.

The HI-Q evaluates equations from left to righthwito operator precedence. Parentheses must béouseahge the order of
evaluation. Numerical constants, previous contraléputs, tare values, Max/Min values and limiues can also be used in
equations, allowing calculation of almost any degioutput parameter. The HI-Q evaluates equatimst]followed by equations 2,
3, etc.

EQN<n>[equation]

[[= Erases equation <n>

[equation]= Equation to use in calculations

<n>=1,23,4,56,7

Example: SO1 eqnl s1=cl places the channel #lrdatstream 1.
S01 egnl s1l=max1 places the max recorded valistimam 1.
S01 eqgnl s1=c2-cl places the result of channelit#@s channel #1 into stream 1.
S01 eqgnl sl=sqgrtcl Extract square root of chatiel

Valid equation format: RESULT= OPERATOR(s) and OPERAND(s)
RESULT= can be:

S<n>= Stream <n>

C<m>= Channel<m> OPERATOR(s) can be
SP<m>= PID setpoint <m> * Multiplication
HH<m>=HH limit <m> / Division

H<m>= H limit <m> + Addition

L<m>= L limit <m> - Subtraction

LL<m>= LL limit <m> ( Opening parenthesis
Rl<m>= RI limit <m> ) Closing parenthesis
RD<m>=RD limit <m> SQRT Square root function
HYST<m>=Hysteresis <m>

A<m>= Scale <m>

B<m>= Offset <m>

DH<p>= DAC H limit <p>

DL<p>= DAC L limit <p>

OPERAND(s) can be: T<m> Tare <m>
S<n> Current value of stream <n> SP<m> PID setpoint <m>
R<n>  Rate of change of stream <n> KP<m> PID P constant <m>
MAX<n>Max. value of stream <n> Kl<m> PID | constant <m>
MIN<n> Min. value of stream <n> KD<m> PID D constant <m>
C<m> Current value of channel <m> 1<n<7
O<m> Last value of channel <m> 1<m<4
A<m>  Scale <m> 1<p<?2

B<m>  Offset <m>

A maximum of 4 nested parenthesis can be used.tiégsavith invalid expressions will be evaluatediliem error is
reached, with an undefined result and a warnintherserial output. The following are examples didvaquations: All
examples below must be preceeded by the equatioberuEQNN).
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S1=C1*12 - C2
C2= S1+S2¥(C1-C2)

HH3= SQRT(C3-MAX1)*A1-04

Ad= C4*(MIN2-(MAX1+C1-(S3*S1)))+1.8

S5= S1+T1*KP2-B2

Cl= (SP3-C2)/21.9 - (C2-SP2)*3.14159E-3

10.2 Using Control Algorithms with Channel Data

In addition to the use of equations, control alponis can be used with channel data. Control algostare hard coded into the HI-Q
for speed and ease of use. PID and ramp + soakotaigorithms are currently available with the @I-

10.2.1 PID Control Algorithm
PID control uses sampled input data to providecars# order, feedback driven control system. The&¢rithm compares each

input value to a desired input called #e&fpoint The resulting value is an error signal, whiclissed to compute an output value.
Error signal = Input - Setpoint

Output = P*(Error signal) + I*(Integral of errorgsial) + D*(Derivative of error signal)

Where P, |, and D are numerical constants usedjtsteor “tune” the PID algorithm. Tuning is usedcontrol properties such as
setpoint overshoot, process delay adjustment,iaadime to setpoint.

10.2.1.1  Turning PID Control On/Off

PID control for each input channel can be turnedrot off independently.

PID<n> <ON, OFF>
<ON>= Turns channel <n> PID on
<OFF>= Turns channel <n> PID off
<n>=1,2,3,4
Example: S01 pidlon turns the PID control funciwérchannel #1 on.

10.2.1.2  Setting PID Constants

The desired setpoint, proportional, integral, aadwative constants (SP, P, I, and D) for the Rtathm are also independent for
each channel.

SP<n> [ffff] KI <n> [ffff]
[[= Shows current setpoint for channel <n> [I= Shows current | value for channel <n>
[ffff]= Sets channel <n> setpoint to [ffff] [ffff]= Sets channel <n> | value to [ffff]
KP <n> [ffff] KD <n> [ffff]
[l= Shows current P value for channel <n> [I= Shows current D value for channel <n>
[ffff]= Sets channel <n> P value to [ffff] [ffff]= Sets channel <n> D value to [ffff]
10.2.1.3 PID Results

After the PID algorithm finishes its calculatiorise results replace the original channel values @lows the results of a PID
algorithm to be used in equations before being ®eatitput streams.
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10.2.2 Ramp + Soak Algorithm

The ramp + soak algorithm allows the HI-Q to raim@ ¢hannel 1 setpoint (SP1) to a specified valolkel inthere for a time, then
move on to another point. The HI-Q can store up fooints and can repeat the ramp + soak process 2fb times. After the process
is complete, the setpoint can be ramped to a ¥Yialale before the algorithm ends.

TheRSON command turns the ramp + soak algorithm on andsstae ramp + soak process moving towards poimh@RSOFF
command stops the algorithm. Current ramp + soalegacan be viewed with ttBHOWRAMP command.

RS <ON, OFF>
<ON>= Turns ramp + soak ON and resets to beginofimgocess
<OFF>= Turns ramp + soak algorithm OFF

10.2.2.1 Setting Ramp and Soak Points

The values to ramp to are specified byR&_IMIT command. Up to eight (8) separate points can fieatk Point values are
specified in current engineering units (the unfitsven on the serial output) for ease of use.

A ninth ramp to point defines a final value for #etpoint. This point is also set with tRELIMIT command and is shown as the
‘Final Value’ with theSHOWRAMP command.

RSLIMIT <n> [ffff]
[[= Show current limit for point <n>
[ffff]= Set point <n> limit to [ffff]
1<n<9
Point 9 is the final value to ramp to before thgoathm ends

10.2.2.2 Adjusting Ramp Rates

The ramp rate for each point is set with R&RATE command. Every second, the channel 1 setpoinbeithoved closer to the next
ramp + soak point by the value specified with RERATE command. A rate of zero will cause the setpoirgitange immediately to
the new point value. A ninth rate is used to deteerhow fast the HI-Q should move to the final autpalue.

RSRATE<n> [ffff]
[[= Show current ramp rate for point <n>
[ffff]= Set point <n> ramp rate to [ffff]
1<n<9
Point 9 is the rate to ramp to the final value betbe algorithm ends

10.2.2.3 Setting Hold Times

Once the channel 1 setpoint reaches a ramp + sak ip is held there for the number of second=c&fed with theRSTIME
command. A time of zero causes the point to berigpho

RSTIME <n> [dddd]
[[= Show current hold time for point <n>
[dddd]= Set point <n> hold time to [dddd] seconisime of O disables the point.
0 < [dddd]< 65535
1<n<8
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10.2.2.4 Repeating a Ramp + Soak Process

TheRSREPEAT command sets how many times the ramp + soak #igorvill repeat before moving to the final valuevalue of
zero will cause the algorithm to repeat forever.

RSREPEAT [dddd]
[[= Shows current value of RSREPEAT
[dddd]= Set repeat value to [dddd]. A value of 0 vepeat indefinitely
0 < [dddd]< 255
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11. Streams and Outputs

Data from calculations and control algorithms istde output hardware via the streams. The strgamsde the flexibility of
allowing any calculated value to be sent to anyla@tion of outputs, including the serial outputakbg output and display.

11.1 Stream Operation

A stream is a list that indicates to which outputsiece of data should be sent. Figure 5 showsthewtreams in the HI-Q are
organized. Placing data in a stream routes thattdatvery output on the stream list. The analabdisplay outputs can receive data
from only one stream at a time, while the seridpatican process data simultaneously from all sélle@ streams.

Stream Computations Stream Outputs
Stream 1f] Max/Min Limits Serial PCMCIA
Stream 2|| Max/Min Limits Serial PCMCIA
D D D D
Stream 3|| Max/Min Limits A Serial PcMCcIA | ! ! ! !
c s s s s D D
T P P P P A A
Stream 4] Max/Min Limits | Serial PCMCIA I I I I c c
o a a a a
N y y y y # Z
1
Stream 5 Max/Min S Serial PCMCIA | 4 # # #
1 2 3 4
Stream 6 Max/Min Serial PCMCIA
Stream 7 Max/Min Serial PCMCIA

Figure 5: Stream organization

11.2 Stream Values

Individual stream values can be set manually wisflSTREAM command:

STREAM <n> [ffff]
[ffff]= Value to place in stream <n>
<n>=1,2,3,4,5,6,7
Example: S01 streaml1=displ disp2 dacl serial willgshe data in stream #1 to both displays 1 aasl\ell as the analog output and the
serial port.

This command places the value [ffff] in stream <lithe HI-Q is in the RUN mode, this value will bent to all outputs associated
with stream <n>. Any limits and actions resultingnh a stream value of [ffff] will also be execut&kfer toSection 12. Alarms
and Actions for information on defining actions.
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11.3 Max/Min Stream Values

The HI-Q controller automatically records the masimand minimum input values from each stream. JHOWMAX command
recalls these values and can be used to deterh@marige of input values encountered since the Miax/alues were last cleared.
Max/Min values are also available for use in mathgeal equations as describedsiction 10 (page 31)

TheNEWMAX andNEWMIN commands reset the Max and Min values for all seterams. ThHAIEWMAXMIN command
resets both the Max and Min stream values foreades streams. A Max value that is reset becomesniadlest number the HI-Q can
represent (-1.7014*1%) while a Min value resets to the largest numbertihQ can represent (1.7014*fp

11.4 Stream Limits

Limits allow the HI-Q controller to take actionschuas turning relays on and off, disabling analatpots, and executing commands
if a stream value exceeds or drops below a spdoradue. Streams 1-4 hakiggh-High, High, LowLow-Low,andRate limits
associated with them. Limits are enabled withtfON command and can be disabled with EiidOFF command.

High-HighandHigh limits are activated when a stream value is latigen the limit valueLow-LowandLow limits are activated
when a stream value is smaller than the limit vAllieere are twdRatelimits, the Rate Increasin@() and Rate Decreasi{8D)
limits. TheRlI limit is activated when a stream value is incregsit a rate higher than tRé limit for that stream. Th&D limit is
activated when a stream value is decreasing @edigher than thRD limit for that stream.

11.4.1 Setting Limits
Limits for streams 1-4 can be set with the follogvcommands:

HH <n> [ffff] [[= Show current limit value
[[= Show current limit value [ffffl= New stream <n>Low Lowlimit
[ffffl= New stream<n>High Highlimit <n>=1,2,3,4
<n>=1,2,3,4 Example: S01 111 10 sets the low-low limit of chah#1 to
Example: S01 hhl 90 sets the high-high limit ofrofed #1 10.
to 90.
RI<n> [ffff]
H<n> [ffff] [[= Show current limit value
[[= Show current limit value [ffffl= New stream <n>RlI limit
[ffffl= New stream <n>High limit <n>=1,2,3,4
<n>=1,2,3,4 Example: S01 ril 5 sets the rate of increase waflue
Example: S01 h2 75 sets the high limit of chan2eig#75. channel #1 to 5 per second.
L <n> [ffff]
[][= Show current limit value RD<n> [ffff]
[ff.]= New stream <n>Low limit [[= Show current limit value
<n>=1,2,3,4 [ffffl= New stream <n>RD limit
Example: S01 13 300 sets the low limit of chanrité300 <n>=1,2,3,4
Example: S01 rd1 10 sets the rate of decrease vélue
LL <n> [ffff] channel #1 to 10 per sec.

“ Due to the way limits are processed, a chaniétjs-High limit must be larger than itdigh limit, which must be larger than itow limit, which
must be larger than itsow-Lowlimit. If this order is not followed, the limitof that channel will not operate properly.

33




11.4.2 Limit Hysteresis

The limits for each stream are calculated reldtiva hysteresis value. Hysteresis creates a “daad’taround a limit, preventing it
from activating and deactivating rapidly if theestm value fluctuates slightly above and below itihé alue. This can be important
if the limit controls a pump, motor, or other piexfeequipment that will wear out quickly if turned and off several times a second.
Figure 6 demonstrates how hysteresis affects Agtitzation.

HYST<n> [ffff]
[[= Show current hysteresis value for stream <mith
[ffff]= Set stream <n> hysteresis to [ffff]
<n>=1,2,3,4
Example: SO1hystl 0.2 places a dead band of Ouhdrall the relays on stream1.

OPERATONOFIMTSWTHHYSTERESE

Figure 6: How hysteresis affects limit activatiogédtivation

11.5 Output Options

There are five outputs that may be associatedaviitieam. These are the serial, displayl, dispéigplay3, and DAC1. Each output
receives data from the appropriate stream(s) amcepses it according to the particular hardwangpsiti with the HI-Q.

STREAM <n>= [off, +,-: serial displ disp2 disp3 dac1]

= Shows current stream <n> outputs [displ]= Stream <n> data to display #1
<n>= 1,2,3,4,5,6,7 [disp2]= Stream <n> data to display #2
[off=  Removes all stream <n> outputs [disp3]= Stream <n> data to display #3
[serial]= Stream <n> data to serial output [dacl]= Stream <n> data to DAC #1
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1151 Serial Output

The serial output is the most versatile of all ogp It can display all seven stream values, stramits, and limit messages. Because
all seven streams can send data to the serial tasitpultaneously, data from each stream is precbgébe stream number
generating the data (STR1: 25.0567)

Hardware and software problems will also send ngessto the serial output. An A/D failure, non-vid&amemory failure, divide by
zero error, bad equation, or other problem detdayeithie HI-Q will send an error message to theaseritput.

11.5.1.1 Unit Messages

If desired, a message describing the units of saelam can be added to the serial output. Eachameséll be displayed after the
appropriate stream data and can be up to 15 ckesdohg.

UNITS<n><message>
<message>= Any ASCII message up to 15 charactegs lo
<n>=1,2,3,4,5,6,7
Example: SO1 units1l PSIG attaches the units PSEBe¢am 1. When sent through the serial port #te displayed on the CRT would
look like this STR1 25.3056 PSIG.

11.5.1.2 Limit Messages

Messages describing the status of stream limit$p 4j» characters long, can be added to streanuisutpor example, if streaml1
receives data outside of its assigned limits, ppg@priate limit message can be added to the smrtplt of stream1.

MHH <n><msg> MLL <n><msg>
<msg>= Channel <nkligh Highlimit message <msg>= Channel <nkow Lowlimit message
<n>=1,2,3,4 <n>=1,2,3,4
Example: SO1 mhh1 overflow Example: S01 mlll tank 1 empty
MH <n><msg> MRI <n><msg>
<msg>= Channel <nBigh limit message <msg>= Channel <nRlI limit message
<n>= 1,2,3,4 <n>=1,2,3,4
Example: SO1 mhl warning Example: SO1 mril change coolant
ML <n><msg> MRD <n><msg>
<msg>= Channel <nkowlimit message <msg>= Channel <nRD limit message
<n>=1,2,3,4 <n>= 1,2,3,4
Example: S01 ml1 tank 3 low Example: SO1 mrd1 pump 3 bad
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11.5.1.3 Numeric Notation

The serial output values can be displayed in axstior fixed decimal format. Scientific notatios selected with th8CI (S01 sci)
command and displays numbers like this:

1.234567E3 4.567890E-3 -1.200000E4 -1.001423E-4

The fixed decimal format displays the integer mortof a number with a fixed number of digits atte decimal point.

FIX [n]
[n]= # digits after the decimal point. (Serial pose)
N=0to6

After a FIX3 command (S01 fix3), the above numheosid be shown as:

1234.567 0.005 -12000.000 -0.000

11.5.14 Serial Output Rate
The rate at which the serial output is updatedoeaoontrolled through the use of timer T1.

T1[n]
[[= Shows current value of T1
[n]= # of seconds between serial transmissions.
0<n<16,777,215
n =0 allows continuous serial transmission.
Example: S01 t1 5 will send the serial data ouecemery five seconds.

When the HI-Q is running, T1 updates the serigboubnce every [n] seconds. All other outputs greéabed normally. If [n] = 0, the
serial output is updated continuously.

11.5.2 Display Outputs

Assigning displayl, display2 or display3 to aatnewill send the stream data to the correspondisygay. Refer to th®isplay
Overlayon page 72 to determine how display outputs coores$po the physical display. On the HI-QTBS, HI-QXhd HI-Q124 the
digital readout is disp2 and the bargraph is digjne HI-Q125 and HI-Q126 have three digital displaymbered in descending
order. Disp1l is the top most digital, disp2 is teater digital and disp3 is the lower most digital.

11.5.2.1 Numeric Displays

Numeric displays show stream data in a fixed naagiccording to their setup parameters. Each nerdaplay can be configured
individually using theDfix command. Refer to sectidi.3  NumericaDisplaysPage 53.
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11.5.2.2 Bargraph Displays

Bargraph displays use stream data to light up abeurof display elements. The number of elements tietermined by the full scale
and zero parameters assigned to each bargraphraBhsgcan also operate in one of several modesr Reé§ 17.2 Bargraph
Display for more information.

11.5.3 DAC output

DAC1 output converts stream data into a 0-5Vdc-20eA analog output. In addition, the DAC outpus lita own set of limits,
scale, and offset. The limits allow the user toctatnps around the output so that it will not exicee clamped range.

11.5.3.1 Output Scaling
DAC outputs scale the engineering units used byénial and display outputs to a range appropfatéhe analog output signal:

Analog output = (Stream value * DAC scale) + DAGset

For instance, stream values representing T®& 2bay be scaled to get an analog output of 4-208tale and offset values are
calculated from simple mathematical relations:

scale value = (20mA-4mA)/(2& -15C) = 1.6
offset value = 4mA - (scale value) *A5 = -20

Then, a 18C stream value will generate an analog output 1 520= 4mA and a Z%& stream value will generate a 25*1.6-20=
20mA output.

DSCALEL1 [ffff] DOFFSET1[ffff]
[[= Show current DAC scale [[= Show current DAC offset
[ffffl= Set DAC scale to [ffff] [ffff]= Set DAC offset to [ffff]
Example: SO1 dscalel 1.6 Example: S01 doffsetl -20

11.5.3.2 Output Limits

The DAC output has BAC-HighandDAC-Lowlimit. Like stream limits, DAC limits allow the HD to perform actions when a limit
value is reached. In addition, a DAC output camxaeed itDAC-Highlimit or fall below itsDAC-Lowlimit.

DH1 [ffff] DL1 [ffff]
[[= Show current DACHligh limit [[= Show current DACLow limit
[ffff]= Set DAC High limit to [ffff] [ffffl= Set DAC Low limit to [ffff]
Example: S01 dhl 22 will not allow the analog otifppu Example: S01 di1 3 will not allow the analog outfufall
exceed 22mADC. below 3mADC.
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12. Alarms and Actions

The HI-Q can be programmed to perform specificaadtiwhen it encounters an alarm. Alarms includivatetd limits and digital
input values. Actions that may take place whenlamaoccurs include setting relays, changing digitaputs, resetting analog
outputs, and executing commands.

12.1 Alarm Uses

Alarms are a way of telling the HI-Q that somethiregeds to be done. If a pressure sensor inputesatkigh limit because a tank is
full, the High limit alarm can be used to turn off a pump or eltse fill valve on the tank. Later, when the tan&ssure falls below
theLow limit, the Low limit alarm can refill the tank by turning on thamp or opening the fill valve again. If the vabsrepump do
not respond properly, theigh HighandLow Lowlimits can be used to alert an operator and steusystem down.

SA <alarm> [actions]
[D1H]= Set DACL1 to its high limit

[[= Shows current [actions] assigned to <alarm> [D1L]= Set DACL1 to its low limit

[R<p>H]= Turn relay/BiMOS output <p> on [D1Z]= Set DAC1 output to zero

[R<p>L]= Turn relay/BiMOS output <p> off [CMD<m>]= Execute CMD<m> command
[R<p>T]= Toggle state of relay/BiMOS output <n> [STOP]= Open the execution loop
[TTL<n>H]= Make TTL<n> high [RUN]= Keep the execution loop closed
[TTL<n>L]= Make TTL<n> low [NONE]= Remove all [actions] from <alarm>

[TTL<n>T]= Toggle current state of TTL<n>

<alarm> is one of:

NORM Normal operating status DH1 Dacl Hi limit
HH<p> Stream <p> HiHi limit DL1 Dacl Lo limit
H<p>  Stream <p> Hi limit TTLIH TTL1 Hi
L<p> Stream <p> Lo limit TTLIL TTL1 Lo
LL<p> Stream <p> LoLo limit TTL2H TTL2 Hi
Rl<p>  Stream <p> RI limit TTL2L TTL2 Lo
RD<p> Stream <p> RD limit

l<n<2

1<ms<3

l1<p<4

SA+ [alarm] [actions] Same as SA, but adds [aclitm§alarm].

SA- [alarm] [actions] Same as SA, but removes ¢asj from [alarm].

The tank example above could be implemented with:

Relay 1 = High limit bell/buzzer

Relay 2 = Operator alert switch

Relay 3 = Power to fill valve (Should normally b&D
Relay 4 = Fill valve (ON fills tank, OFF closes va)

using the following commands:

SA NORM R1L R2L R3H Relay positions for normal operation

SA H1 R1H R4L At highlimit, turn Relay 1 ON to sound bell, Relay 4 OfeFstop
fill valve

SA L1 R4H At low limit, turn Relay 4 ON to activate fill valve

SA HH1 R2H R3L At high highlimit, turn Relay 2 ON to alert operator and Re3a
OFF to cut power

SA LL1 R2H R3L At low lowlimit, turn Relay 2 ON to alert operator and Re3a@FF

to cut power
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12.1.1 Smart alarming

When alarms are used to indicate an input, outpyirocess parameter that is out of range, the k{igrforming what is known as
smart alarming. With its mathematical capabilities HI-Q can detect many complex alarm conditiéios.example, an alarm can be
set off if the difference between two inputs exseadpecified limit for more than ten seconds.

S01 EQN1 S3=S1-S2 (Stream 3 = difference between streams 1 and 2)

S01 HH3 25 (Alarm when stream 3 exceeds 25)
S01 DELAY HH3 100 (Limit must be exceed for 100*100 milliseconds beftaking action)
S01 SAHH3 R1H (Turn relayl ON when alarm is activated)

12.1.2 On/Off control

When alarms are used to turn relays and devicesmdroff, the HI-Q is performing on/off or “bang#gg control. This is the type of
control commonly used in refrigerators. When thmgerature inside the refrigerator reaches an uppiy the cooling unit turns off.
When the temperature falls below the lower lintig tooling unit turns back on.

S01 H1 50 (Start cooling when temperature is 50 degrees)
S01L125 (Turn cooling off when temperature is below 2§r@es)
S01 SAH1 R1H (At High limit #1, relay 1 turns ON)

S01 SAL1RI1L (At Lowlimit #1, relay 1 turns OFF)

12.2 Trigger delays

Most alarms may be assigned a delay time that elagse before an action is taken. This is benéfmiaactions that are needed only
if an alarm lasts longer than a specified time. iRstance, a motor might be allowed to run at lsigeed for short periods of time.
The HI-Q can monitor motor speed, and shut the ndevn if it is operated for too long at high speed

DELAY <alarm> [time]
[[= Shows time <alarm> must be on before actioestaken
[time]= Sets time in 100ms increments <alarm> nasbn before actions can be taken

0<times< 255

<alarm>=
HH<n> Stream <n> HH limit DH1 DAC 1 H limit
H<n>  Stream <n> H limit DL1 DAC 1 L limit
L<n> Stream <n> L limit TTLIH TTL1 inputH
LL<n> Stream <n> LL limit TTLIL TTLL inputL
Rl<n>  Stream <n> RI limit TTL2H TTL2 inputH
RD<n> Stream <n> RD limit TTL2L TTL2 input L

For example, the commandELAY HH2 10 would require the Streamtigh High limit to be active for 1 second (10 * 100ms) befor
any actions associated with it could be taken.
Note: The accuracy of the delay function is proportideahe number of A/D channels turned on. If the isweceiving data
through the serial port its accuracy is +/- 1 secdhthe unit is receiving analog signals to th®Aonverter use one of the following
formulas.

Single channel unit Programmed Delay = ((desirdaylé (1.255)) * (10)
Two channel unit Programmed Delay = ((desiredyjé€lé1.9294)) * (10)
Three channel unit Programmed Delay = ((desiredyié|(2.705)) * (10)

Hint, if a delay of more than 25.5 seconds is @gkiturn on the additional channels that are nahbeused.
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12.3 Actions

After an alarm occurs, the HI-Q performs all of #ations assigned to that alarm. If more than dareaoccurs, the actions
associated with all activated alarms will be perfed.

12.3.1 Action Conflicts

Because it is possible for actions from two alatonsonflict, alarms are assigned a priority. Ifeartion conflict occurs, the alarm
with highest priority will control the action. Alar priority is listed in Table 1.

Alarm Priority
Stream 1 limits Highest
Stream 2 limits

Stream 3 limits

Stream 4 limits

DAC 1 limits

TTL1 input

TTL2 input Lowest

Table 1: Alarm priorities

In addition, theHigh High, High, LowandLow Lowlimits have priority over th&l andRD limits. For example, if théligh limits for
streams 1 and 3 are activated and both try to clathite same relay, the streatdigh limit action will operate the relay since it hagt
higher priority.

12.3.2 Relays and BiMOS outputs

All four (4) relays and eight (8) BiMOS outputs da@turned on, off, toggled, or left alone by aarial. If left alone, a relay or
BiMOS output may be controlled by an alarm with éovpriority.

12.3.3 Digital Outputs

Just like the relay and BiMOS outputs, the digiiaiputs can be turned on, off, toggled, or lefnalby an alarm.However, the
voltage at a digital I/O pin will change only ifefpin has been configured as an output withTthlel OUT orTTL2 OUT
commands.

12.3.4 DAC output

The DAC output can be set to kiggh limit, Low limit, zero, or can be left alone by an alarm.rAla that set the DAC to zero cause
the analog output to become 0Vdc or OmA.

5 When using digital I/O lines, make sure all limesfigured as outputs are properly connected. Gaimgea digital output line directly to ground or
to other outputs may damage the HI-Q!
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12.3.5 Command execution

Actions can also be used to execute one of threresetected commands. Any valid command can betedlevith theCMD
command. The commands are executed as if theydeddent directly to the serial input. If more tloalr alarm tries to execute a
command, only the highest priority alarm will hatsecommand executed.

CMD <n> [command]
Defines command <n>
<command>= Any valid command (witho® + the device address)
<n>=1,2,3
Example: S01 cmd1 stream1-displ causes streamiodagaremoved from displ after cmdl is activatgdralarm.

12.3.6 Run/stop control

The last action that an alarm can perform is tp gte HI-Q from running. This action is equivalémentering th&TOP command
from the serial port. All streams and analog owgputl remain at their current values and the HWwiQ stop reading and processing
inputs.
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Additional Functions

This section describes the remaining functionslalbts on the HI-Q. These include digital I/O, energy shutdown, and manual
control of outputs. Commands that show current Hisameters and variables are also presented.

13. Digital I/0

Digital 1/0 can be accomplished with HI-Q commaralarms and actions, or with digital input funcgoigital I/O using alarms
and actions was covered@nl2. Alarms andictions.

13.1 Digital I/O Commands

TheTTL command is used to control the digital I/O pingtom HI-Q.The IN and OUT options of the command determireepin
will be an input or output. The state of a digitgdut can be read by issuing théL (SO01 ttl1) or (S01 ttl2) command with no
optional arguments. Digital outputs can be set High, or toggled by including a H, L, or T aftéretcommand.

TTL<n>[IN, OUT, H, L, T]
[[= Shows current state of TTL<n>
IN = Makes TTL<n> an input
OUT = Makes TTL<n> an output
H = Makes TTL<n> output ‘high’
L = Makes TTL<n> output ‘low'
T = Toggles TTL<n> output
<n>=1,2

13.2 Digital measurements

In addition to high/low detection, digital inputarcbe used to make frequency, period, and pulsihwiéasurements. They can also
be used to control a lap/elapsed timer and a gepernpose counter. These functions are utilizedugh software commands which
return values in channel 4. This allows the HI-@e&oform the same linearization, averaging, scakmngl tare, etc. on digital inputs
as it does on analog inputs.

NOTE: Because digital measurements take a signtfimaount of processing power, serial input toH& must be slowed to
20ms/character to avoid loss of data. While thisoisa problem for manual input via the key boaetijal strings sent via computer
may be severely affected. To avoid this problemkersure there is a space of at least 20ms betwweadaters on the serial input
when using digital functions.
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13.2.1 Period

ThePERIOD command determines the period of a digital ingutieasuring the time between rising edges on TTrhproved
accuracy for short periods is obtained by averagewgral consecutive measurements. The resultimip@uof seconds is placed in

channel 4. Periods from {18 to 18 hours can be measured.

m_ L !

F Measured Time ﬂ

MEASURE HOLD MEASURE

TTL2

Figure 7: Period Measurement

13.2.2 Frequency

TheFREQ command is used to tell the HI-Q to measure auaqy input. Frequency is measured by doing a genieasurement on
TTL1 and computing 1/period. Frequency inputs @ge from 0.001Hz to 50KHz.

S o o o

Figure 8: Frequency Measurement

MEASURE
TTL2
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13.2.3 Pulse Width

There are two separate pulse width measurementdltecan make. ThBWP command measures the length of time an input kigna
is high, while the®WN command measures how long an input signal is Begause averaging pulse width measurements does not
increase accuracy, measurement accuracy stansgouth pulse widths shorter than 1ms.

PWN
time
TTL1 J PWP b
time
MEASURE HOLD MEASURE
TTL2

Figure 9: Measuring Pulse Width

13.2.4 Event Counting

The COUNT subroutine measures the number of times TTL2 asifrgm low to high. TTL1 and TTL3 must be higlhoéting)
while counting. Bringing TTL1 low suspends countamgd keeps the current count in channel 4 avaifablese in calculations.
Making TTL3 low resets the current count to zefah& maximum count of 16,777,215 is reached, tumtresets to zero and a
warning message is sent to the serial output.

COUNT HOLD COUNT
TTL1
RESET
TTL3
COUNT 0 1 2 3 3 3 3 4 0 0

Figure 10: Event Counting
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13.2.5 Timing

TheLAP routine is a lap/elapsed timer similar to the tisnesed on digital watches. The HI-Q measuresahgth of time TTL2 is
held high. TTL1 controls the lap/elapsed functidfen high, TTL1 causes the elapsed time (time dimestart of the measurement)
to be displayed. Bringing TTL1 low ‘freezes’ theri@nt time (called the lap time) without haltingtineasurement. TTL3 resets the
timer to zero when brought low.

The resolution of timing measurements starts ahitBoseconds. This resolution drops to 4 milliseafter 268 seconds (4min. 28
seconds). This change in resolution allows the Hb@ake timing measurements in excess of 19 heile keeping measurement
error below 0.001%.

ELAPSED TIME HOLD (LAP TIME) ELAPSED TIME

TTL1

Start of End of

measurement F measurement
TTL2 -

o -T2
RESET

TTL3
TIME 0 05T1 T1 T1 T1+T2 0

Figure 11: Lap/Elapsed Time Measurements

13.2.6 Disabling Digital Functions

All digital functions can be disabled with th©DIG (S01 nodig)command. This command will instruct the HI-Q topstmeasuring
frequency, period, and pulse width. It will alsopsevent counting and lap/elapsed timing. Turniigital functions off when they are
not being used frees up system resources, alloihimll-Q to run faster
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14. Manual Control of Outputs

All relay/BiMOS outputs, digital outputs, analogtputs, streams, and channels can be set manu#fycaimmands from the serial
port or with the keypad. To control an output tisaturrently being updated by the HI-Q, tBR€OP command must first be issued.
Otherwise, any manually assigned output valueshgilbverwritten the next time the HI-Q updatesittputs.

14.1 Emergency Shutdown

In the event of an emergency, all HI-Q outputs learmjuickly set to a predetermined value withRANIC command. The outputs
will remain at the predetermined values untRldN command is given or the outputs are changed migntiale SETPANIC
command is used to set emergency output conditiemsent emergency output conditions can be sedntihe SHOWPANIC
command.

SETPANIC [TTL1<H, L, T>, TTL2<H, L, T>, DAC1<ffff>, R<n> <HL>]
[[= Show current emergency shutdown outputs
[TTL1<H, L, T>]= Set TTL1 output High, Low, or Togg TTL1 output
[TTL2<H, L, T>]= Set TTL2 output High, Low, or Togg TTL2 output
[DAC1<ffff>]= Set DAC1 output to <ffff>
[R<n><H, L>]= Set relay/BiMOS output <n> High or wo
1<n<8

14.2 Relays and Discrete Outputs
All relays and BiIMOS outputs can be set with Bneommand:

R<n>[H, L, T]
[[= Shows current state of relay/BiMOS output <n>
[H]= Turn relay/BiMOS output <n> on
[L]= Turn relay/BiMOS output <n> off
[T]= Toggle relay/BiMOS output <n>
<n>= Relay/BiMOS output to control
1<n<8

The state of the selected relay/BiMOS output Wikhiege as soon as the command is entered and mdimen that state until
changed with anoth& command, updated by the HI-Q, or until power s&dnnected.

14.3 Digital Outputs

Digital outputs are controlled in the same mansaretays with th@ TL <n> command.

TTL <n>[IN, OUT, H, L, T]
[[= Shows current state of TTL<n>
IN = Makes TTL<n> an input pin
OUT = Makes TTL<n> an output pin
H = Makes TTL<n> output ‘high’
L = Makes TTL<n> output ‘low'
T = Toggles TTL<n> output
<n>=1,2

The TTL line being controlled must be configuredcaasoutput to see the effect of the TTL<n> commdinithe TTL line is
configured as an input, the results of a TTL<n> o@nd will take effect only after the TTL line iscamfigured as an output.
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14.4 Analog output

Manual control of the analog output is accomplistvéti theDAC1 command:

DAC1 [ffff]
[[= Show most recent DAC1 output
[ffff]= Valid output value

The output value used with tlIBBAC1 command should be in the same engineering unitseadisplay and serial output. This value
will then be scaled to the appropriate value of anA/dc with the DAC scale and offset values. Setiae 11.5.3.1 for information
on scaling DAC outputs.

The DACHigh andLow limits also affect manually specified output vaduattempting to set a DAC output to a value owdstdLow
andHigh limits will result in the output being set to thiggh or Low limit value. See11.5.3.2 Outputimits for more information
on DAC limits.

15. Computer Operating Properly Timer

In addition to software operational checks, theHtontains a Computer Operating Properly (COP)aickdog timer. This timer
can determine if the HI-Q has stopped operatinggny due to software problems or hardware failtfra.failure is detected, the
COP timer resets the HI-Q, which will try to recofie®m the error.

15.1 Enabling the COP Timer

TheWDON (S01 wdon)command enables the COP timer, whileWiBOFF (S01 wdoff)command disables i©nce the state of
the COP timer ischanged, the HI-Q must be turned off and back on for the change to take effect. TheSHOWSTAT command will
display the current state of the COP timer, andstaee it will be in after a hardware reset.

15.2 Testing the COP Timer

TheWDTEST (S01 wdtest)command tests the COP timer. It places the HI-@hiimfinite software loop, which the COP timerlwil
detect. When the COP detects the software lomauises the HI-Q to reset.

16. Showing System Status

Often it is desired to see the current value ofyrtdlhQ parameters. While most commands will shoes¢hrrent value of a
parameter if a new value is not specified, it caritme consuming to check multiple parameters. &foee, several SHOW
commands are available that will display relatealgs of HI-Q parameters in an easy-to-read forfasiiing theSHOW or HELP
commands will send a list of available SHOW comnsatadthe serial port along with a short descriptibawhat they display.
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16.1 Input Parameters

Input parameters such as scale, offset, lineaoizatiethod, tare, and limits can be viewed withSRHEOWIN command. Information
regarding all four channel inputs and stream lingitdisplayed.

16.2 Output Parameters

TheSHOWOUT command will display the analog output scale,atffand limit values. These values determine theegeof analog
outputs for a given input. This command will alb@w the current state of all relay/BiMOS outputs.

16.3 Other Parameters
For a list of all SHOW commands and what they digptefer to the SHOW section Dhe HI-Q Command Set

16.4 System Diagnostics

TheDIAG command can be used to test basic HI-Q hardwarape. After the command is given, the HI-Q wirform various
internal diagnostics and report any problems. Dufe complexity of the system, not all hardwarebfgms can be detected by this
command.

17. Display Configuration

There are several commands which alter the way@ Hilsplay looks. Display colors, flashing, bardrapode, limit colors, and
numeric notation can all be customized to suitriqdar application. This chapter discusses th@uas commands that affect how
each display operates.

17.1 General Setup

Some commands affect all displays on the HI-Q. &lees thdOEMO, SETD, CLRD, LAMP, INT, DLFLASH , andDLNFLASH
commands.

DEMO
Places the display in a demo mode

SETD<n>
Causes all segments/bars of display <n> to turn on

CLRD<n>
Causes all segments/bars of display<n> to turn off

LAMP
Initiates a lamp test to ensure all display elesmen¢ working properly
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DINT [0, 1, 2, 3]
[0-3]= Sets the display intensity from O (off) tqt®ightest)

DLFLASH <n>
Causes entire display to flash when display <netres a limitHi andLo limits flash at a slow speed, whit# Hi andLo Lolimits flash
at a faster speed.

DLNFLASH <n>
Turns off flashing when display <n> reaches a limit

17.2 Bargraph Display

A bargraph display can be set to a specific matlesand color. It can also display limit marksarious colors and change color
when a limit is reached. (Color changing is onlgitable on the HI-QTBS series)

17.2.1 Bargraph Mode

A bargraph display can be configured to operatekeltse, counter clockwise or bi-directionally frahe center or specified starting
point. TheDMODE command is used to select how a bargraph operates:

DMODEL [top, bot, bi]
[bot]= Fill bargraph in a clockwise direction
[top]= Fill bargraph in a counter clockwise direxcti
[bi]= Bargraph operates bi-directionally from thenter
Example: S01 dmodel bi places the bargraph inrbetional mode. Sending the command S01 dmode®&ibboeturn it to a clockwise
mode of operation.

17.2.2 Bargraph Scale

The range of values displayed on a bargraph isrdeted by its ‘bars full scale’ (BFS) and ‘bars@giBZ) parameters. BFS
determines the maximum number a bargraph can gibplf@re it tops out by having all its bars lit. B&ts the value at which bars
start to light. For example, having BFS=200 and BaB-would cause the displayed reading to starfd@tahd top off at 200. An
input of 150 would light half of the bargraph’s bar

BFS1[n] BZ1[n]
[n]= Set BFS to [n] [n]= Set BZ to [n]

17.2.3 Bargraph Color(used on the HI-QTBS series only)

The colors on a bargraph can be changed witb@®LOR1 command. This command has no effect on displagsowt color
capability.

DCOLORL1 [R, G, A]
[R]= Set the normal operating color of the bargrapRED
[G]= Set the normal operating color of the bargrapfEREEN
[A]= Set the normal operating color of the bargrapAMBER
Example: S01 dcolorl G.
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17.2.4 Bargraph Limits (used on the HI-QTBS series only)

Limit marks for all bargraph displays are turnetivath the DLIMOFF command. The display will still change colors aladii, but
no limit marks will show. Th®LIMON command turns limit marks back on. If stream linaits not enabled (limoff), no limit marks
will show. The color of the limit marks on the beagh can be set with the following commands:

HHD1 [R, G, A] Set High High limit color
HD1 [R, G, A] Set High limit color
LD1 [R, G, A] Set Low limit color
LLD1 [R, G, A] SetLow Low limit color
[R]= Set limit color to RED
[G]= Set limit color to GREEN
[A]= Set limit color to AMBER
Example: S01 hhd1r Sets the high high limit cobored.
S01 hd1la set the high limit color to amber.
S01 Id1a sets the low limit color to amber
S01 lid1a sets the low low limit color to red.
With the above settings and the dcolor commantbsBt(green) the bargraph will be normally greethvéw and high limits being amber
and low low and high high limits being red.

When the bargraph reaches a limit, all bars canghé#o the limit color or only the bars beyond lihet can change color. The
DSYMOFF command causes only the bars beyond a limit togdgaolors while th®SYMON command causes all bars to change
to the color of the activated limit.

17.3 Numerical Displays
The values shown in a numerical display can be fieoivith theDFIX2 command:

DFIX <p><n>(p=1,20r3)(n=0, 1, 2,3, 4,5, or 6)
[0-6]= Number of digits to display after the declmpaint
[AUTO]= Automatic setting of the decimal point
Example: S01 dfix2 3 will display 45.001. 3 diditsthe right of the decimal point on display #2. the HI-QTBS, HI-Q123 and HI-Q124
display #2 is the only digital display availablen @e HI-Q125 and HI-Q126 the top digital is da&sptl, center is display#2 and lower is
display#3.

Numerical displays will also display any alpha-nuited message sent with t#SP<n> command:
DISP<n> <message>

Displays alpha-numerical <message> on display <n>
Example: S01 disp2 alarm <cr> will show the woraral on display#2
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18. HI-Q Applications

This chapter presents some typical applicationtk®HI-Q programmable intelligent controllers. pigpose is to demonstrate how to
set up and configure the HI-Q for use. The appboatpresented can be used as shown or can beiedaiffit your particular
requirements.

18.1 Temperature Control Using a Thermocouple

This example shows how to control temperature ugieddl-QTBS, HI-Q123 or HI-Q124 using sime/off or bang-bang control.
A thermocouple input will be measured, linearizezhled to appropriate display values. To demoresthat flexibility of the HI-Q, an
example of relay operation will be presented. Bxample will turn a relay ON when the temperatwa=eds a high limit and will
turn a second relay ON when the temperature drefpsvia low limit. Both relays will be OFF when tteenperature is between the
high and low limits. The other two relays will bet &s an operator warning to sound an externahadawover / under temperature
limits.

18.1.1 Control Specifications

Thermocouple input type: J

High temperature limit: 350C

Low temperature limit: 300C

Displayl (Bargraph): Current temperature with 1%phation
Display2 (numeric): Current temperature with O.frée resolution
Bargraph display should read 0 bars @ @nd 100 bars @ 400

18.1.2 Connections

The thermocouple is connected to the channel Jgniaput.
Relay 1 is the control relay.

18.1.3 Configuration
To begin configuration apply power to the HI-Q metewill start up in USER MODE as discussedi®perating Modes

HI-QTEK by OTEK
Version 2.75 1996
Address: ‘01’
Warming-Up..

*

Start configuration by setting the channel inputpzeters. Since no tare is needed, the factorgsdtare off) will be used. First, the
type of linearization needed is used. For a J-thpemocouple, the JC linearization is needed.
Example: SO1 LIN1 JC

The linearization converts the thermocouple milivautput into a temperature, eliminating the némdsetting the scalel or offsetl
values. The next values to set are the limits.

*S01 HH1 400  Sets high high limit of channel #1 to 400

*S01 H1 350 Sets the high limit of channel#1 to 350 (control temp.)
*S01 L1 300 Sets the low limit of channel#1 to 300 (control temp.)
*S01LL1 250  Sets the low low limit of channel#1 to 250
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At this point, the input parameters should be 1eglifvith theSHOWIN (S01 showin) command. Once verified, set the sirea
outputs to update the display, and set the scateeBargraph to show the correct number of bars.

*S01 STREAM1= DISP1 DISP2
*S01 BFS1 400 (Turn on all 100 bars (bargraph elements) at dimgeof 400)

Now the HI-Q will correctly display its input valseNext we will use the limit alarms to make thiayeperate properly.

*S01 SA NORM R1LR2LR3LRAL (Sets normal status of re lays 1-4 to low)
*S01 SAHH1 R1H (Relay 1 turns ON diligh High limit)

*S01 SAH1 R2H (Relay 2 turns ON &tligh limit)

*S01 SAL1R3H( Relay 3 turns ON dtow limit)

*S01 SALL1 R4H (Relay 4 turns ON dtow Lowlimit)

*SO01LHYST11.2 (sets the hysterisis around all relays of chann&d#12 degrees)
*S01 limon  (turns the limit control on)

Finally save all parameters in non-volatile memory.

*S01 WRITE
Writing EEPROM............... Done!

The HI-Q is now configured for use as a simple terafure controller. Disconnect power and re apphyetrify all data was saved.
When power is reapplied, the HI-Q will start in USEhode with the newly programmed parameters. Itamlomatically start taking
temperature measurements and control the relays.

18.1.4 Alternate Relay Control

Since the HI-Q’s relays can be configured as ndsnaglen (n.o.) or normally closed (n.c.) and thayg have both poles available at
the screw terminal connector, it can be configus@that the relays are normally energized andtilmeyoff at the limits. This is also
know as a fail safe configuration so that in therg\of a power failure, the relays will deactivatel the temperature will not increase

First we need to reset the relay logic for faiesaperation.

*S01 SA NORM R1HR2HR3HR4H (set relays 1-4 to an acti vated state while within normal operating
conditions)

Once the unit receives this command, all relaysahidnge their current state of logic. Your coniugrs can then be made to the
N.C. contact. When the limit is reached or poweeimoved, the relays will inherently deactivate #mese contacts will be closed.
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Troubleshooting

The following table lists solutions to typical pteims associated with setting up a HI-Q controllére most probable solution for
each symptom is listed. If a problem persists orislisted, contact OTEK technical support at (5248-7900. Normal business
hours are M-F, BAM-4PM MST. Be sure to have theHtrodel number, a detailed description of the mohland an explanation of
the intended application. This information is neegg to ensure fast and efficient technical support

SYMPTOM

SOLUTION

No startup message on seri:
port

Check power connections. Make sure the TXD, RXD, DO,ra DI lines are
wired properly. Verify communications protocol for baud rate, parity,
number of start/data/stop bits.

Garbage appears instead of
startup message

Check communications protocol for properbaud rate, parity, number of
start/data/stop bits

Characters sent to the unit
appear twice on the terminal

Set communication software to FULL DUPLEX communicdions, or turn
off LOCAL ECHO.

After the startup message, the
unit does not respond to
commands

Make sure the RXD or DI line is properly connectedCheck
communications software for proper settings.

Be sure to use ‘S’ + the unit’saddress when sending commands.

This situation can occur if the unit is in NET modeor has a long TO setting.
Use the LOC command to place the unit into local nde.

The HI-Q will not enter the
RUN mode

Turn TTL3 RUN/STOP control off with the TTL30OFF co mmand or make
sure TTL3 is HIGH (floating).

Analog input always reads
zero

Turn the analog input channel on. Make sure th scale for that channel is
not zero. Check all equations for proper operation.

DAC1 output does not work

Check the wiring connections to the H-Q. Be sure the DAC1 output is
listed in an output stream. Make sure the dscalelale is not zero.

Relays/BiMOS outputs do not
work

Use the SHOWACT1 and SHOWACT?2 commands to make surine
relay/BiMOS output is listed in an action. When inthe STOP mode, use thq
R<n>[H, L, T] command to manually switch a relayBiMOS output.

Limits do not work properly

Make sure the limit values are in the proper order. The H-Q requires
High-High = High = Low = Low-Low limit.

Make sure limits are enabled with the LIMON command

The actions turn relay/BiMOS
outputs on and then off.

Check the SA NORM actions. It can override rely control from a CMD or
TTL action.
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DEFAULT Parameters

COMMUNICATIONS

Parameters: 9600 baud, 1 start bit, 8 data basyf bit, no parity, no flow control
(hardware flow control is simulated by the wiricgnnections)
Address: ‘01’
CHANNELS
Value: 0.0000 Lin: none
Scale: 1.0000 Average: 0
Offset: 0.0000 Tare: OFF
EQUATIONS
S1=C1 S3=C3
S2=C2 S4=C4
STREAMS

Unit messages: <none>
Limit messages: <none>

DISPLAYS

Notation: DFIX2=Auto (automatically shift decimabint as required to display MSD)
Bargraph color: DCOLOR1=Grn (green)

Bargraph mode: DMODE1=BOT (illuminate in a clockevdirection)

Bargraph full scale: BFS1=1

Bar zero: BZ1=0 (the starting point of the bargnaph
LIMITS
Disabled
HH: 0.0000 LL: 0.0000
H: 0.0000 RI: 0.0000
L: 0.0000 RD: 0.0000
ACTIONS

All actions OFF.

GENERAL

Notation: SCI
IDELAY: 0

TO: 0
T1: 0
LOCAL mode

STOP mode

COP timer: OFF
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Power Supply Notes

When powered from 5V, the HI-Q requires 5\&B% at its screw terminals. If using long power eabloltage drops due to cable
resistance may cause the voltage at the HI-Q tedmio be below that of the power supply. If thidtage drop reduces the voltage at
the HI-Q to<4.85V, the unit will not turn on.

For cable runs longer than 10 feet , use the fallgviormula to determine the required power supplyage:
Viequied= 5V + 3*D *R

V =required power supply voltage
D = distance from power supply to HI-Q (feet)
R = resistance of wire (ohms/ft)

The following chart lists wire resistance for salavire gauges.

Gaug: | Resistance (Ohms/fo
12 .001¢
14 .002¢
16 .0041
20 .006¢

Table 2: Wire Resistance @ 5

If the HI-Q is to be powered from 10-32VDC or 9052&\C, the power supply considerations described/alman be disregarded
except for excessively long cable runs.
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ASCII| Codes

Decimal|Hexa- |ASCII
decimal

0 0 NUL
1 1 SOk
2 2 STX
3 3 ETX
4 4 EOT
5 5 ENQ
6 6 |ACK
7 7 BEL
8 8 BS
9 9 HT
10 A NL
11 B VT
12 C NP
13 D CR
14 E SC
15 F Sl
16 10 |DLE
17 11 (DC1
18 12 |DCz
19 13 |DC:
20 14 |DCA4
21 15 |[NAK
22 16 | SYN
23 17 |ETB
24 18 |[CAN
25 19 EM
26 1A | SUB
27 1B | ESC
28 1C FS
29 1D GS
30 1E RE
31 1F us

DecimalHexa- [ASCII
decimal

32 20 SF
33 21 !
34 22 “
35 23 #
36 24 $
37 25 %
38 26 &
39 27 '
40 28 (
41 29 )
42 2A *
43 2B +
44 2C .
45 2D -
46 2E
47 2F /
48 30 0
49 31 1
50 32 2
51 33 3
52 34 4
53 35 5
54 36 6
55 37 7
56 38 8
57 39 9
58 3A
59 3B ;
60 3C <
61 3D =
62 3E >
63 3F ?
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Decimal|lHexa- |ASCII
decimal

64 40 @
65 41 A
66 42 B
67 43 C
68 44 D
69 45 E
70 46 F
71 47 G
72 48 H
73 49 I
74 4A J
75 4B K
76 4C L
77 4D M
78 4E N
79 4F @]
80 50 P
81 51 Q
82 52 R
83 53 S
84 54 T
85 55 U
86 56 \%
87 57 W
88 58 X
89 59 Y
90 5A Z
91 5B [
92 5C \
93 5D ]
94 5E A
95 5F

Decimal|lHexa- |ASCII
decimal

96 60 ‘
97 61 a
98 62 b
99 63 o
10C 64 d
101 65 €
10z 66 f
10¢ 67 g
104 68 h
10¢ 69 [
10¢€ 6A ]
107 6B k
10¢ 6C I
10¢ 6D m
11C 6E n
111 6F o]
112 70 p
11:¢ 71 q
114 72 r
11¢ 73 S
11¢ 74 t
117 75 u
11¢ 76 \Y
11¢ 77 w
12C 78 X
121 79 y
122 A z
12¢ 7B {
124 7C |
12¢ 7D }
12¢ 7E ~
127 7F | DEL




The HI-Q Command Set

Note: commands which apply to specific display t ypes are denoted in parenthesis () for that partic  ular model.
Example (TBS, 123, 124) means the command only appl ies to the HI-QTBS, HI-Q123 and HI-Q124 series.

The following is an alphabetical list of all HI-@mmands. Examples are included for the more comggexmands. Details of how
each command works can be found in the appropietpter.

ADBAND<n> <value>
<n> = channel # (1, 2 or 3)
<value> = number of counts to set band at
This command places an intelligent moving band rddhe signal input. If the next incoming readiagvithin this band, the unit
continues the current averaging. If the readirmitside of the band, the unit will disable the agang and then enable it again once the
signal stabilizes within the band value. This isfuswhen noise may be present on the signal linelsa steady reading is desired while
still maintaining a quick step response to an ddigaal change.
Example: SOLADBAND1 .005 set the band for channel 1 to 5.€8unts. To disable set the band to 0.

ADDR [address]
Changes the device address. If no new addresedsisg, only an 'S' must precede commands
[address] = ASCII address of up to 6 characters
Example: S01addr02 changes the address of unit 01 ta'2.unit will only respond to commands startingwm®02 from this point on.

AVG <n> [dddd]
[[= Shows current number of samples being averégechannel <n>
[dddd]= Sets # of samples to [dddd]
<n>=1,2,3,4
0 < [dddd]< 255
Example: S0lavgl 4 sets the number of samples to be ae@ychannel 1 to 4.

AZON Turns on the internal autozero function of the Atverter. Shipped ON unless otherwise noted on PO
Example: SO1AZON turns on the autozero function
Use the SHOWSTATUS command to verify the currettirsg.

AZOFF Turns off the internal autozero function of the A¢nverter. Warning, turning off the autozero fuoctwill require a complete
re-calibration of the device.
Example: SO1 AZOFF

BAUD [baudrate]
[[= Shows current baud rate
[baudrate]= 19.2K, 9600, 4800, 2400, 1200
Example: S01baud4800 sets the meter’s serial baud rt830bps

BFS1[ffff] (TBS, 123 and 124 series)
[ffff]= Set BFS1 value to [ffff]
Example: SO1BFS1 20 sets the bargraph#1 full scale val@®t On the HI-QTBS, 123, 124 series the bargisphways #1.

BZ1 [ffff] (TBS, 123 and 124 series)
[ffff]= Set display <n> BZ value to [ffff]
Example: S01BZ1 20 sets the starting value of the bargtaf#®. The bargraph will begin illuminating wihvalue of 20 on the
appropriate stream. If the BFS is set to 100 therbargraph will illuminate from 20 to 100.

CH<n> <ON, OFF>
<ON>= Turn channel <n> A/D inputs ON
<OFF>= Turn channel <n> A/D inputs OFF
<n>=1,2,3
Example: SO1CH1on initializes the A/D converter for chanike
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CHN<n> [ffff]
[ffff]= Value to place in channel <n>
<n>=1,2,3,4
Example: SOLCHNL1 20 will display the number 20 on the @ilgilisplay and turn on the appropriate numberangtaph segments.

CLRD<n>
Turn all display <n> elements OFF
<n>=1,2,3,4

CMD <n> [command]
Defines the command to be executed when CMD<nousd in an action list
<command>= Any valid command (without the devicdrads)
<n>=1,2,3
Example: S01cmd1l bfs1 250 will automatically change thegtaph full scale value to 250 when cmd1l is actigatCmdl can be
activated from an alarm using the set action contmé&01sahhlcmdl sets the action so that wherhthediue is reached cmd1 is
executed.

COUNT
Counts the number of rising edges on TTL2. Resutisplaced in Channel 4.
TTL1 low stops counting
TTL3 low resets count to 0

DCOLORL1 [R, G, A] (HI-QTBS series only)
[R]= Set bargraph to RED
[G]= Set bargraph to GREEN
[A]= Set bargraph to AMBER
Example: SO1dcolorlR changes the bargraph normal colan fjreen to red. This command is only used on th@ HBS . The other
HI-Q instruments will accept the command withouarging the display color.

DELAY <action list> [time]
[time]= Time to delay in 100ms increments beforetiam list> can occur on an alarm condition

0 <time< 255

<action list>=
HH<n> Stream <n> HH limit DH1 DAC 1 H limit
H<n> Stream <n> H limit DL1 DAC 1 L limit
L<n> Stream <n> L limit TTLIH TTL1 H limit
LL<n> Stream <n> LL limit TTLIL TTL1 L limit
RI<n>  Stream <n> RI limit TTL2H TTL2 H limit
RD<n> Stream <n> RD limit TTL2L TTL2 L limit

DFIX <n> [ddddd]
[ddddd]= Set numerical display <n> to [ddddd] fixéetimal places
n=1, 2, 3, or 4 depending on the unit. For the)HIBS, 123, 124 the numeric display is #2.
Example: S01dfix2 3 will show a maximum reading of 999.9%9the display and a minimum reading of 0.001

DH1 [ffff]
Set DACHI limit
[][= Shows current DACHi limit
[ffff]= Sets DAC1Hi limit to [ffff]
Example: S01dh1l 22 sets the analog output high limit tm2PC when the 4-200ut is ordered.

DIAG
Performs internal diagnostics
Example: S01diag will start the individual segment testtaf display and main microprocessor.

DINT [0, 1, 9] (TBS and 126 series)
Set display intensity
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[O]= Display OFF

[1]= Lowest intensity

[4]= Highest intensity

Example: S01dintl changes the display intensity to lovglmess. Mainly used for night time use onboarmhogoing ships.

DL1 [ffff]
[[= Shows current DACLolimit
[ffff]= Sets DAC1 Lo limit to [ffff]
Example: S01dI1 3 sets the analog output low limit to 3n@\@hen the 4-200ut is ordered.

DLFLASH
Causes entire bargraph to flash when display reeaghienit. Hi andLo limits flash at a slow speed, whité Hi andLo Lolimits flash at a
faster speed.
Example: S01diflash

DLIMOFF (TBS, 123 and 124 series)
Turns off limit marks for all bargraph displays.rBeaphs will still change color and/or flash wheaching a limit, but the limit marks will
not show.
Example: S01dlimoff

DLIMON (TBS, 123 and 124 series)
Turns limit marks on for all bargraph displays
Example: SO1dlimon

DLNFLASH
Turns off flashing when display reaches a limit

DMODEL [BOT, BI] (TBS, 123 and 124 series)
[BOT]= Set bargraph to illuminate in a clockwiseedtion.
[Bl]= Set bargraph to illuminate in a bi-directiomde. Used mainly to display positive and negatalees such as charge / discharge rate
of batteries in power plants.

DOFFSET1[ffff]
[]= Show current DAC1 output offset
[ffffl= Set DAC1 output offset to [ffff]

DSCALEL1 [ffff]
[[= Show current DAC1 output scale
[ffffl= Set DAC1 output scale to [ffff]

DSYM (TBS only)
Causes all bargraph bars to change to the limir aghen a limit is reached

DSYMOFF (TBS only)
Allows only the bargraph bars beyond a limit torofpeto the limit color

59




EQN<n>[equation]
[][= Changes equation <n> to its original factoritisg
[equation]= Defines an equation to use in calcoiei
Valid equation format: RESULT= OPERATOR(s) and ORAER(S)

RESULT= can be:

S<n>= Stream <n> RI<m>=RlI limit <m>
C<m>= Channel<m> RD<m>=RD limit <m>
SP<m>= PID setpoint <m> HYST<m>= Hysteresis <m>
HH<m>=HH limit <m> A<m>= Scale <m>
H<m>= H limit <m> B<m>= Offset <m>
L<m>= L limit <m> DH1=  DAC1 High limit
LL<m>= LL limit <m> DL1=  DAC1 Low limit

OPERATOR(s) can be:

* Multiplication ( Opening parenthesis
/ Division ) Closing parenthesis
+ Addition SQRT  Square root function
- Subtraction

OPERAND(s) can be:

S<n> Current stream <n> value B<m> Offset <m>

R<n>  Rate of change of stream <n> T<m> Tare <m>
MAX<n>Max. value of stream <n> SP<m> PID setpoint <m>
MIN<n> Min. value of stream <n> KP<m> PID P constant <m>
C<m>  Current channel <m> value Kl<m> PID | constant <m>
O<m> Last value of channel <m> KD<m> PID D constant <m>

A<m> Scale <m>

A maximum of 4 nested parenthesis can be used.tiégsavith invalid expressions will be evaluatedillem error is reached, with an
undefined result. The following are examples ofdraljuations:

S1=C1*12 - C2 Ad= C4*(MIN2-(MAX1+C1-(S3*S1)))+1.8
C2= S1+S2¥(C1-C2) S5= S1+T1*KP2-B2
HH3= SQRT(C3-MAX1)*A1-04 Cl= (SP3-C2)/21.9 - (C2-SP2)*3.14159E-3

FIX [n]
Formats numbers on the serial port to have a fiwedber of digits to the right of the decimal point
[n]= # digits after the decimal point
n=0to 6
Numbers too big to be printed without E+nn will batie exponential portion truncated.
Example: S01fix3 will allow serial transmission of data3alecimal places (125.592)

FREQ
Measures the frequency of rising edges on TTL1uReare placed in channel 4.

H<n> [fff]

[[= Show current stream <r#i limit

[ffff]= Set stream <n>Hi limit to [ffff]

<n>=1,2,3,4

Example: S01h1 15 sets the high limit for channel#1 to 15
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HDL1 [R, G, A] (TBS only)
[R]= Set bargrapli limit color to RED
[G]= Set bargraphi limit color to GREEN
[A]= Set bargrapiHi limit color to AMBER
Example: S01hdla sets the high limit color to amber onbgraph.

HELP
Shows a list of all available SHOW commands.

HH <n> [ffff]
[[= Show current stream <rihi Hi limit
[ffff]= Set stream <n>Hi Hi limit to [ffff]
<n>=1,2,3,4
Example: S01hh1 35 sets the high high limit on channeio#35.

HHD1 [R, G, A] (TBS only)
[R]= Set bargrapii Hi limit color to RED
[G]= Set bargrapli Hi limit color to GREEN
[A]= Set bargrapii Hi limit color to AMBER
Example: SO1hhd1r sets the high high limit to red on thegbaph.

HYST<n> [ffff]
[[= Shows current stream <n> limit hysteresis
[ffff]= Set stream <n> limit hysteresis to [ffff]
<n>=1,2,3,4
Example: SO1hystl .25 sets the hysteresis for channed #1-10.25. Mainly used with the relay output option noisy signals or
fluctuating processes.

IDELAY [n]
Sets an initial delay to take place after every Rtdlimand.
[[= Shows current value of idelay
[n]= # of seconds to delay
0<n< 255
Example: SOlidelay 5 will cause the unit to not take anglag input readings for 5 seconds after powerrupaeiving the run command.

KD <n> [ffff]
Set channel <n> PID D value
[]= Show current PID D for channel <n>
[ffff]= Set channel <n> PID D to [ffff]
<n>=1,2,3,4

Kl <n> [ffff]
Set channel <n> PID | value
[]= Show current PID I for channel <n>
[ffff]= Set channel <n> PID | to [ffff]
<n>=1,2,3,4

KP<n> [ffff]
Set channel <n> PID P value
[]= Show current PID P for channel <n>
[ffff]= Set channel <n> PID P to [ffff]
<n>=1,2,3,4

L <n> [ffff]
Set stream <nto limit
[[= Show current stream <r>o limit
[ffff]= Set stream <n>Lo limit to [ffff]
<n>=1,2,3,4
Example: SO1L1 5 sets the low limit for channel #1 to 5.
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LAMP
Perform a display lamp test
Example: SOllamp

LAP
Measures the time TTL2 is held 'high". Current itasiplaced in channel 4.
TTL1 low 'holds' current display value (timer stilins).
TTL3 low resets time to 0.

LD1 [R, G, A] (TBS only)
[R]= Set bargrapko limit color to RED
[G]= Set bargrapho limit color to GREEN
[A]= Set bargrapho limit color to AMBER
Example: S01LD1a sets the low limit color to amber on biaegraph.

LIMOFF
Turns limit checking for all streams off and tunf§limit marks on all bargraph displays
Example: SO1limoff

LIMON
Turns limit checking for all streams on and turndimit marks for all bargraph displays
Example: SO1limon

LIN <n> [OFF, sensor type]
[OFF]= Turns linearization for channel <n> off.
<n>=1,2,3,4
[sensor type]= user polynomial, user table, or typthermocouple/RTD

RTD European RTD R
ANSI  ANSIRTD S
J J type T
B B type E
N N type TZ
K K type Pz

R type

S type

T type

E type

User table

User polynomial

Example: SO1LIN1J turns on the linearization for chanrkfé type J thermocouple. To select the unitsdBy K) use the TEMPUNIT

command

LL <n> [ffff]
[[= Show current stream <ri>o Lolimit
[ffff]= Set stream <n>Lo Lolimit to [ffff]
<n>=1,2,3,4
Example: S01II1 3 sets the low low limit for channel #130

LLD1 [R, G, A] (TBS only)
[R]= Set bargraplho Lolimit color to RED
[G]= Set bargrapho Lolimit color to GREEN
[A]= Set bargraphLo Lolimit color to AMBER
Example: S01lld1r sets the low low limit to red on the dpaph.

LOC

Enables serial output from the HI-Q
Example: SO01lloc
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MHH <n><message>
Assigns a message to channel <n> HH limit
<message>= Any ASCII message up to 15 charactegs lo
<n>=1,2,3,4
Example: SO1mhh1 pump failure. Sending this command emilise the HI-Q to transmit the message “pump &ilitnrough the serial
after the data is sent when the value is greager tie high high limit setting. (STR1: 165.3 pufaiture)

MH <n><message>
Assigns a message to channel <n> H limit
<message>= Any ASCII message up to 15 charactegs lo
<n>=1,2,3,4
Example: SO1mh1 pump failure. Sending this command wilise the HI-Q to transmit the message “pump fdillreugh the serial
after the data is sent when the value is greagear ttie high limit setting. (STR1: 165.3 pump feglu

ML <n><message>
Assigns a message to channel <n> L limit
<message>= Any ASCII message up to 15 charactegs lo
<n>=1,2,3,4
Example: SO1mlI1 pump failure. Sending this command véllige the HI-Q to transmit the message “pump fdilm@ugh the serial
after the data is sent when the value is lesstti@iow limit setting. (STR1: 165.3 pump failure)

MLL <n><message>
Assigns a message to channel <n> LL limit
<message>= Any ASCII message up to 15 charactegs lo
<n>=1,2,3,4
Example: SO1mll1 pump failure. Sending this command wallse the HI-Q to transmit the message “pump &ililnrough the serial
after the data is sent when the value is lesstti@tow low limit setting. (STR1: 165.3 pump tait)

MRD <n><message>
Assigns a message to channel <n> RD limit
<message>= Any ASCII message up to 15 charactegs lo
<n>=1,2,3,4
Example: SOIMRD1 coolant level The message coolant leilebe transmitted through the serial port whesrethe rate of decrease
value of stream #1 is exceeded.

MRI <n><message>
Assigns a message to channel <n> RI limit
<message>= Any ASCII message up to 15 charactegs lo
<n>=1,2,3,4
Example: SOIMRI1 coolant level The message “coolantlfendl be transmitted through the serial port wieser the rate of increase
value of stream #1 is exceeded.

NET
Disables all serial output from the HI-Q unlessEN® command or the T1 timer is used

NEWMAX
Resets all maximum stream readings to —1.701418 E+3

NEWMAXMIN
Resets all maximum and minimum stream readings.

NEWMIN
Resets all minimum stream readings to 1.701413 E+38

NODIG
TurnsPERIOD, FREQ, PWP, PWN, COUNT, LAP andLOG functions off.

OFFSET<n> [ffff]
[[= Show current channel <n> offset
[ffff]= Set channel <n> offset to [ffff]
<n>=1,2,3,4
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PANIC
Enters emergency shutdown mode and set HI-Q outptite values specified by t&ETPANIC command
Example: The keys on the front of the HI-Q can be progradrso that when pressed the HI-Q executes the pettiegs for a safe
recovery of the process. This is essential incatiprocesses that can cause catastrophic failueath when not properly controlled.

PERIOD
Measures input period between rising edges on TRekults are placed in channel 4.

PID<n> <ON, OFF>
<ON>= Turns PID for channel <n>on
<OFF>= Turns PID for channel <n> off
<n>=1,2,3,4

PWN
Measures the 'low' time of pulses on TTL1. Resarksplaced in channel 4.

PWP
Measures the 'high' time of pulses on TTL1. Resuksplaced in channel 4.

R<n>[H, L, T]
[[= Show current state of relay/BiMOS output <n>
[H]= Turns relay/BiMOS output <n> on.
[L]= Turns relay/BiMOS output <n> off.
[T]= Toggles the state of relay/BiMOS output <n>.
1<n<8
Example: S01r3h sets relay or bimos #3 to its high stétéen the run mode, the relay / bimos will be ttegymomentarily. If in the stop
mode the relay / bimos will remain in the high staitil commanded to change.

RD<n> [ffff]
[[= Show current stream <riRD limit
[ffff]= Set stream <n>RD limit to [ffff]
<n>=1,2,3,4

RESET
Performs a software reset of the HI-Q. Startup nwatidoe determined by the current state of TTL3.

RETRANS<on, off>
Enables retransmission of serial data from one kt-@nother similar HI-Q. This command automaticplcks up the channel data and
send it to another HI-Q of the same address. lardaisuccessfully use this command, both unitg imeisf similar type and similar
configuration with the exception of the A/D conwartThe master device will pick up the channel nenamd transmit it with its data to
the second device. The stream assignment for émeinel must include serial transmission.
Example: SOLRETRANSON enables serial transmission to anéth® device.

RI<n> [ffff]
[[= Show current stream <rRRl limit
[ffff]= Set stream <n>RI limit to [ffff]
<n>=1,2,3,4

RS <ON, OFF>
<ON>= Turns ramp + soak ON and resets to beginoiimgocess
<OFF>= Turns ramp + soak algorithm OFF

RSLIMIT <n> [ffff]
[[= Show current limit for point <n>
[ffff]= Set point <n> limit to [ffff]
<n>=1,2,3,4,5,6,7,8,9
Point 9 is the final value to ramp to before thgoathm ends
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RSRATE<n> [ffff]
[[= Show current ramp rate for point <n>
[ffff]= Set point <n> ramp rate to [ffff]
<n>=1,2,3,4,5,6,7,8,9
Point 9 is the rate to ramp to the final value betbe algorithm ends

RSREPEAT [dddd]
[[= Shows current value of RSREPEAT
[dddd]= Set repeat value to [dddd]. A value of 0 veipeat indefinitely
0 < [dddd]< 255

RSTIME <n> [dddd]
[l= Show current hold time for point <n>
[dddd]= Set point <n> hold time to [dddd] seconisime of O disables the point
0 < [dddd]< 65535
<n>=1,2,3,4,5,6,7,8

RUN
Makes the HI-Q read its inputs, perform calculagicend update its outputs continuously

SA <action list> [actions]
[]= Shows current [actions]
[actions]= [actions] to assign to <action list>

[actions] include:

[R<n>H]= Turns relay/BiMOS <n> on. [D1L]= Sets DACL to its low limit.

[R<n>L]= Turns relay/BiMOS <n> off. [D1Z]= Sets DACL1 to zero.

[R<n>T]= Toggles state of relay/BiMOS <n>. [CMD<m>]= Execute CMD<m> command.
[TTL<n>H]= Makes TTL<n> high. [STOP]= Open the execution loop.
[TTL<n>L]= Makes TTL<n> low. [RUN]= Keep the execution loop closed.
[TTL<n>T]= Toggles TTL<n>. [NONE]=Remove all[actions]from<action list>.

[D1H]= Sets DACL to its high limit.

<action list> is one of:

NORM Normal operating status TTLIH TTL1 Hi
HH<n> Stream <n> HiHi limit TTLIL TTL1 Lo
H<n>  Stream <n> Hi limit TTL2H TTL2 Hi
L<n> Stream <n> Lo limit TTL2L TTL2 Lo
LL<n> Stream <n> LoLo limit ALARM1 RTC alarm 1
Rl<n>  Stream <n> RI limit ALARM2 RTC alarm 2
RD<n> Stream <n> RD limit ALARM3 RTC alarm 3
DH1 Dacl Hi limit ALARM4 RTC alarm 4
DL1 Dacl Lo limit
l<n<g2
1<m<4
Example: SO1sanorm R1LR2LR3LRA4L sets the normal statelafys 1-4 to low.
S01sahhlrdh causes relay#4 to change state wiaéigth high #1 limit is reached.
S01sahlr3h Causes relay#3 to change state whaigti&l limit is reached
SA+
Same as SA, but adds [actions] to an existing list
SA-

Same as SA, but removes [actions] from an exidishg

SCALE<n> [ffff]
[I= Shows current channel <n> scale value
[ffff]= Sets channel <n> scale to [ffff]
<n>=1,2,3,4
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SCl
Formats numbers on the serial port to have sciemigtation

SEND[Nn]
Makes the HI-Q read its inputs and update its dstgdl-Q must be put on stop.
S01STOP<R>
S01SEND(N)<R>
[[= Reads and updates once
[n]= Read and updates [n] times
1<n<255

SETA<n> [ffff]
Sets user polynomial coefficients
[[= Shows current value of A<n>
[ffff]= Sets A<n> value to [ffff]
0<n<24

SETD<n>
Turn all elements of display <n> ON

SETP[n]
Prompts for user polynomial entries starting frofn]AThe current value of each table point is caigpdd and a prompt for a new value
appears. Pressing ENTER at the prompt keeps theahld. Entering a new value replaces the old v&uessing ESCAPE exits the
command and keeps any changed values.
0<n<24

SETPANIC [TTL1<H, L, T>, TTL2<H, L, T>, DAC1<ffff>, R<n> <H[>]
Set the output values for an emergency shutdown
[[= Show current emergency shutdown outputs
[TTL1<H, L, T>]= Set TTL1 output High, Low, or Togg TTL1 output
[TTL2<H, L, T>]= Set TTL2 output High, Low, or Togg TTL2 output
[DAC1<ffff>]= Set DAC1 output to <ffff>
[R<n><H, L>]= Set relay/BiMOS output <n> High or wo
1<n<8

SETT[n]
Prompts for user table entries starting from X[rje current value of each table point is displeged a prompt for a new value appears.
Pressing ENTER at the prompt keeps the old valoterg a new value replaces the old value. PrgdS8CAPE exits the command and
keeps any changed values.
0<n<24

SETX<n> [ffff]
Sets user table X coordinates
[[= Shows current value of X<n>
[ffff]= Sets X<n> value to [ffff]
0<n<?24

SETY<n> [ffff]
Sets user table Y coordinates
[[= Shows current value of Y<n>
[ffff]= Sets Y<n> value to [ffff]
0<n<?24

SHOW
Shows a list of all available SHOW commands

SHOWACT1
Shows the action lists for channel inputs
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SHOWACT?2
Shows the action lists for all other alarm condisio

SHOWCAL
Shows calibration scale and offset values

SHOWCMD
Shows the current commands saved withGND <n> command

SHOWDELAY
Shows the delays associated with alarms and actions

SHOWEQN
Shows current equations being used

SHOWIN
Shows scale, offset, averaging, linearization, #aue limits for input channels

SHOWLIM
Shows the limit messages for the three analog icipainels and one digital input channel

SHOWMAX
Shows the max/min values for all streams

SHOWMIN
Shows the max/min values for all streams

SHOWOUT
Shows scale and offset values for DAC outputs

SHOWPANIC
Shows the current emergency shutdown output values

SHOWPID
Shows all current PID constants and variables

SHOWPOLY
Shows user-defined polynomial

SHOWRAMP
Shows the current ramp + soak parameters

SHOWREL
Shows the current state of all relay/BiMOS outputs

SHOWSTAT
Shows the status of the COP, FIX/SCI, etc

SHOWSTR
Shows output assignments for all streams

SHOWTABLE
Shows user-defined linearization table

SHOWUNIT
Shows the units assigned to all streams

SPn> [ffff] (used with PID function only)
[]= Show current setpoint for channel <n>
[ffff]= Set channel <n> setpoint to [ffff]
<n>=1,2,3
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STOP
Stops the HI-Q from reading inputs and updatingoigt Stops all functions except Serial I/0
Bargraph display will full scale orange, digitaspliay will retain last reading.

STR<n> [ffff]
[[= Show the current value of stream <n>
<n>=1,2,3,4,5,6,7

STREAM<n>= [off, +, - serial displ disp2 disp3 dac1l ]
Determines which outputs are affected by stream <n>
[[= Shows current outputs affected by stream <n>
<n>=1,2,3,4,5,6,7

[off=  Removes all outputs from stream <n> [disp2]= Sends stream <n> data to display #2
[serial]= Sends stream <n> data to serial output [disp3]= Sends stream <n> data to display #3
[displ]= Sends stream <n> data to display #1 [dacl]= Sends stream <n> data to DAC #1

A '+ before an argument adds that argument tcetkisting output list for stream <n>.
A -’ before an argument removes that argument ftbenexisting output list for stream <n>.

Example:S01Stream1= serial displ disp2 dacl (Sends sttedatn to serial port, display#1, display#2 aral@noutput 1) Spaces are
required between serial and displ and disp2 etc...

Stream1 -serial (Removes serial output from reviist)

Streaml +dacl (Adds analog output 1 from theuduigt)

TARE<n> [ON, OFF, NEW, ffff]
[[= Shows current tare value for channel <n>
[ON]= Turns the tare for channel <n> on
[OFF]= Turns the tare for channel <n> off
[NEW]= Takes a new tare reading from channel <n>
[ffff]= Sets channel <n> tare to [ffff]
<n>=1,2,3,4
Example: SO1tarelon turns on the tare feature for chathel
SO1tarelnew tares the current reading on the gisplzero. Can be activated with the keypad iflssired by setting the
alternate keypad functions.
TEMPUNIT<n><degrees>
<n>=channel # (1, 2 or 3)
<degrees>=desired temperature units in degreEsCK
Example: SO1 TEMPUNIT1F sets channel 1 to reatkgrees F. Must have the Linearization enableg@rfgper operation.

TTLL[IN, OUT, H, L, T]
[[= Shows current state of TTL1
[IN]= Makes TTL1 an input
[OUT]= Makes TTL1 an output
[H]= Makes TTL1 output 'high'
[L]= Makes TTL1 output low'
[T]= Toggles TTL1 output

TTL2[IN, OUT, H, L, T]
[[= Shows current state of TTL2
[IN]= Makes TTL2 an input
[OUT]= Makes TTL2 an output
[H]= Makes TTL2 output 'high’
[L]= Makes TTL2 output low'
[T]= Toggles TTL2 output

TTL3 [ON, OFF]
[[= Shows current TTL3 function
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[ON]= Allows TTL3 to control the RUN/STOP modes
[OFF]= Disables RUN/STOP control from TTL3

UNITS<n><message>
Assigns a unit message to stream <n>
<message>= Any ASCII message up to 15 charactegs lo
<n>=1,2,3,4
send UNITS<n> too disable units transmissiomfahannel n
Example: SO1units1 RPM will send the text RPM with the bl 1 data through the serial port.

USER
Performs a software reset and loads USER paranietensiemory

WDON
Turns the internal watchdog/Computer Operating tggimer on. The timer will be enabled only afeehardware or power-on reset.

WDOFF
Turns the internal watchdog/Computer Operating @iggimer off. The timer will be disabled only efta hardware or power-on reset.

WDTEST
If the watchdog/Computer Operating Properly tinsegmabled, this command will place the intepraicessor into an infinite loop. If
working properly, the watchdog/COP will reset the(Hand normal device operation will resume.

WRITE
Saves current HI-Q configuration to non-volatilemmey. Send this command only when you are certaruhit is
configured properly. Additional writes can be madea later time if changes are required.
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MASTER CONNECTION DIAGRAM
This differs from previous versions dated

11/1/99 and before. (REAR VIEW)
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The following flow chart is a true representatidriree embedded display menu system.
follow this sequence of events. Press and holdiéxeu @) key, after 2 seconds the display will show “PASB3mpting for the
password. Release the meM)(key and momentarily press the ent®)(key, the display will now show ‘0000’ with theftienost
zero flashing. Use the uph() key to increase the number and the righ) key to select the next number for entering thespard.
By default, all units shipped from OTEK use thegvasrd ‘0000’. With ‘0000’ shown on the displayeps the enter key®) and
press the enter®) key one more time. The display reverts to ‘PASBhis was intended to fool any unauthorized pesgoom
accidentally discovering the password. Now youiatie menu system. Press the righf) key and the display will show ‘STR1’
for stream #1. Follow the flow chart below, torgaiccess to the different sections of the meneasined. Pressing the MENUK)
key twice at any time exits the menu system wittsawing changes to eeprom. While following the miiow diagram, keep in
mind that the right ¢ ) key is used to select the different menu optatreil levels including sub-menus. The up)(key is used to
go up one level or increase the selected digit.eftter @) key is used to enter into the next sub-menu cetcthe changes. Once

Display Menu

all changes have been made, they must be stoempiom with the ‘stor’ menu (‘conf’>>main’>>"stor’

TOP-MNU4.DWG

PASS (password
0000

Il STRL (stream 1>

HLIMITS LEFFSET LECALE TARE L|‘A\/G (AVERAGED
LLDW Low LLLD LLHIGH LEIGH—HIGH LEYSTERESIS VALUE VALUE L-offl-onl-rew VALUE
VALUE VALUE

VALUE VALUE VALUE

1 STR2 (stream 27

HLIMITS LEFFSET LLSCALE TARE LLA\/G (AVERAGE)
Ltw Law LLLD LLHIGH LEIGH’HIGH LEYSTERESIS VALUE VALUE Leoffleonleney VALUE
VALUE VALUE VALLE

VALUE

VALUE

1 STR3 (stream 3

LIMITS DFFSET LECALE L’TARE j‘AVG (AVERAGED
Lli:lw Low Hi HiIGH LIEIGH HIGH LIiYSTERESIS vALUE VALUE of fleon VALUE
VALUE

VALUE VALUE b VALUE VALUE

TSTR4 (stream 4)
HLIMITS LEFFSET LECALE L’TARE L|‘A\/G (AVERAGE)
LtDW*LDW LLLDW LLHIGH LEIGH HIGH LEYSTERESIS VALUE VALUE Legpplay VALUE
VALUE VALUE
DACI
@TPUT
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DACe
HEUTPUT
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PIDI
’:{ STATUS \—[SETPDINT
OFF ON VALUE
PID2
’:{ STATUS \—[SETPDINT
OFF ON VALUE
1 REL

L, RELAYI L RELAY2 L RELAY3 L RELAY4 L RELAYS L RELAYE L RELAY7 L RELAY8
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Mechanical Drawings

STANDARD PLASTIC HOUSING
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+ / H %
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| T X (4 PL>
e
u:ﬁ <T |
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J_ 1 AN L J
F#87123ME
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Explosion Proof Housing shown with %" NPT gland ent ry.
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HI-

(High 1.Q.)

ESCRIPTION: The HI-Q

Controllers consist of several products
with sub-products. All the products share
similar hardware and software with the main
difference being their package and display.
Onceyou have familiarized yourselfwith one,
you will know them all! By using common
software and hardware, we realize R&D and
production savings that we pass on to you.

INTERFACE

OPERATOR:

* Bargraphs are used for quick trend indica-

tion. The operator can, at a glance, tell where

the process is.

* Digital Display(s) are used to give accurate

process indication and set point control or

calculate valuesinengineering units. Theyare
also used to display the menu driven prompts.

PROCESS:

All HI-Q intelligent controllers offer five

methods of controlling your process:

a) Current: 4-20mA, 1-5mA, 0-20mA (includ-
ing PID), directly or inversely propor-
tional.

b) Voltage: 0-5VDC & 1-5VDC (or 5-0 &
5-1VDC) or any other ranges in between.

¢) Four (4) or six (6) SPDT 10Amp relays.

d) Open collector Bi MOS outputs.

e) The serial port (USB, RS232, 422 & 485

Applications: See Technical Brief on Page 27

BENEFITS

* SV & V: The HI-Q Series software has been veri-
fied & validated as trouble/glitch free per IEEE Std.
The Hardware has passed several Mil-Std's, such as
461, 462, 617, EPRI 102323 & others. If we don't
have it, we'll make it!

* Low Cost-High Performance: When you buy
the HI-Q, you buy a "Computing Controller," not

just an instrument. Its performance to price ratio is
unsurpassed in the industry. Only the specific func-
tions that you will need are selected and included,
no need for unnecessary extras.

SYSTEM:

* Use the Isolated RS Translator to interface with
other industry standard USB, RS-232C/RS-422 or
RS-485 devices with open or proprietary protocols.
If they are "RS" and "ASCII" compatible, the HI-Q
can communicate with them.

* Stand Alone: as Single or Multi Loop Controller
Whether under the protection of a factory environment
or in the open field, the HI-Q will meet and exceed
your expectations.

CONFIGURATION: Just Upload OTEK's

FREE Windows Navigator™ and configure or

re-configure your HI-Q without an Instruction Manual,
in minutes! e
u_s»u_a :ID:&—...':D .

=

COMMON FEATURES

* Ready to Use: Just apply power, select the com-
mands, set your limits and start controlling.

* Automatic Tricolor: Changes colors (Red, Blue,
Purple,Green, Amber) upon reaching a limit. Flash-
ing & dimming of the displays are under your control.
(Some Models)

* Password Security: You can enable or disable the
front panel keypad (Optional Keypad) on some models.
* Emergency Shut Down: Any three keys held down
simultaneously will shut down the controller sending
all outputs to a "Fail Safe"(Off) state.

* Power on Test (POT): Will test every major section
of its hardware, software and firmware and flag any
malfunctions.

* C.0.P. (Computer Operating Properly): Checks
the operation ofitsinternal algorithms. Youcandisableit.
* R.T.C (Real-time Clock): Indispensable for time
keeping functions, such as time, event alarms, etc...
(only on some models).

* Mathematical Functions: Insert the math function.
Transmit and/or control with the result.

* Polynomials and L ook Up Tables: Make your own
or use the preprogrammed polynomials to 9™ order.

* Self Diagnostics: The HI-Q will detect major software/
hardwware failure & warn you viaits display/serial port.
* Modular Design For Long Life Expectancy

* Lifetime Warranted

Some Commands You Can Enter Via the Keypad (More Via the Serial Port) or GUI

e Security Code-Restricted Access

%)

/(T)\ Full Scale-Range

Zero Offset-Tare

=~ Colors (LED or LCD backlight)

@@@@ Intensity-None to Max.
fﬁ}ﬁ{? Blinking None, Slow, Fast

Filtering (averaging)

& Danger Alarms(Warning-Stop)

Relays (4 or 6) Bi Mos (8) On-Off

1 — 3 Assign any Channel to any
4 — 2 Display & Relays to Channels or
External Commands
A/M  * Auto/Manual Process Control
K Assign any Constant to any Channel

At Assign any Delay to any Output
P Proportional

| Integral

D  Derivative

Your Own Custom Commands
oops! Reset to Default Parameters
Poly  Ours or Your Polynomials/Tables
* Process Predictablity
(Signal(s) vs Time

X5\, 2 Fixed or Variables
At Alarm w/or w/out
Delay
YT Wiatchdog Timer

COP-Computer
Operating Properly

Store any Fix Value or
Command in Memory

Any Address Alphanu-
meric or Either

Any speed 1.2 to 19.2
KBPs

@ Current Loops 4-20mA(0-5V out)

Any Resolution (1 to
50,000)

00000
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THE

BENEFITS OF THE "HI-Q"

Now you can monitor and control your process from the comfort of your control room or at the site with an
inexpensive PC & OTEK's complete line of Programmable Intelligent Controllers. Use them either as
Stand-Alone or as part of your DCS or SCADA system.

CONFIGURATION with OTEK's

OTEK's "HI-Q"

New Windows Navigator™ (PC

D& E’:gf? Oewv x&

| L D S Otw A line of Program-
G.U.L) is so fast & easy that no | &= [* e EIEECECINECC U o || mable Intelligent
instruction manual (other than = r— o S gl N (G i
: _ . aler A0 Bl SE A6 A0 BEE 305 Homa b Controllers with
connections) is required! Just | sr vemie £ i - sesnes | sees T F [ 3 memf 3 their built-in and
Pluginyour PC Terminal, upload \===e=s == 0 L T L e e isolated signal
our EREE Program and start se- | owaie ¢ ¢ £ & 0 o [0 O[S conditioners will
H : H iy | Ol T = - S A T R ET S 0 .
Iegtlng your conf_lguratlon. Within N P T connect directly to
minutes you will be done AN | = your sensor and/
you can even email it to remote | s — ) or transducer and
locations! e = . Iuw- 5 it will even power
. H Jo i 3 2 loly .
Forg FREE copy of the er_1dows e A 3w it. All you have to
Navigator™ visit our website at  mss @ — @i« dois to connect &
. Zewo Ve [} 0 iH |7
www.otekcorp.com then click on = Lo Do o0 0 power up. We will
1 Dol P | St 4 )

Windows Navigator ™.

:wm T | |

even preprogram

trady
stan| - orex koo Coragurah | TgHeln Magitian Fro

the "HI-Q" for you
-~ aum if so desired for

WS e u Plug_N_PIayu )

Common Features of the "HI-Q™" Series:

« Math Functions: +, -, x, +, ¥ and More

* Isolated 18-bit A/D w/Signal Conditioners

* Isolated Analog Outputs (4-20mA & 0-5VDC)

* (4 or 6 each) 10A SPDT Relays for On-Off Control

* O.C.T. (250mADC) for Fast On-Off Control

* Isolated 10-32VDC (24VAC Also) Power Input

* Isolated 100-240VAC or (100-350VDC on Request)
Power Input

» 5 VDC Power for Low Voltage Applications

* Look Up Tables for Thermocouples/RTDs

* Polynomials to the 9th Order

» Customer's X-Y (25X25)Tables

* ZERO * TARE * SPAN < AVERAGE

* All ASCII Characters for Open Protocol

* Programmable Baud Rate & Address

* Isolated RS-232C/422/485 Translator & USB

» Automatic Tricolor LED Displays with Dimming, Blinking & Pointers
* P.I1.D. or Just Plain Proportional Control

» SV & V, Mil-Stds with Self-Diagnostic Capabilities

» Modular Design for Long Life Expectancy

* Lifetime Warranted

What Can the "HI-Q" Series Do for You?

It can accurately and reliably monitor and/or control your process as stand alone or as part of a DCS/SCADA for
complete factory automation.

From the most basic form as a serial input remote display to the most complex as stand alone Programmable
Intelligent Controller, the "HI-Q" Series will perform to specifications in the oceans, on earth or in outer space, in
the Alaskan tundras or in the Tucson deserts.

MILITARY, NUCLEAR, SEISMIC & EPRI TR-102323R3 Models Are (Or Being) Approved. Contact
OTEK™
Where Are the ""HI-Qs" Being Used?
Only OTEK's HI-Q Series are in Outerspace (Mir & 1.S.S.), Military Aircraft (Night Vision), Naval Warships
(Mil-Spec), Nuclear Power Plants, Offshore Exploration/Drilling, Mass Transit (Metro), Biomedical (Non-Life
Support), Pharmaceutical, Agricultural, Waste & Water Treatment, etc.
IS YOUR APPLICATION MORE CRITICAL?

IFYOU DON'T SEE IF, ASK FOR IT!
Our customers THINK of the products, we just design them!

B




HI-Q SERIES

COMMON SPECIFICATIONS for-

For: +DIN-BAR *TEK ¢TBS 114 «116 117
118 ¢119 120 #121 123 124 126 127 «2K and 2000

SERIAL COMMUNICATIONS

* Isolation to 5V or Other Power
Inputs: 500VDC

» Baud Rate: to 19.2K Baud

* Protocol: Full ASCII

» Concurrent Use (Translator) of USB
or RS-232C & 422 or RS-232C &
RS-485 1/0 & USB

NOTE: As a translator, you can use

the com. port to translate from one

protocol to another, so long as you

only "talk" on anyone and listen on

the others, ie., talk on USB, listen

on 485, or 422, talk on 232, listen on

485. Can NOT have 232&USB.
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BiMOS OPEN COLLECTOR
* Type: Sink Driver (Transistor)
* |solation to 5V Power: None
* Max. Current Sink: 250mA

* Vsat @250mA: .8V

» Standard VC: 5VDC

» External VC: <35VDC

» Switching Speed: 1uS

:|'_5_VDC_®

i § LOAD
|

! DiG.

HIODS02 L GND. R

POWER INPUTS

* 5VDC+5% Non-Isolated

* Or 10-32VDC (24VAC) Isolated

* Or 100-240VAC or (100-300VDC on
request) Isolated

» Power Consumption varies from
model to model and number of options
selected. See Specific Models.

ON-OFF CONTROL OUTPUTS RE-

LAYS

* Type: S.P.D.T. (1C)

* Max. Switching Current: 10A Res.

* Max. Switching Voltage:
30VDC/240VAC@Rated Current

« Contact Protection:Included

« Contact Isolation: 1000VRMS

« Initial Contact Resistance: 0.1Q

» Life Expectancy: 10,000,000 Cycles

{————————@Q 4ea. 10A

@ Relays

4' SPDT

87HQDBO2DWG

ANALOG CONTROL OUTPUTS

* Accuracy & Linearity: £ 0.01% F.S.

* Resolution: 16 Bits

* Outputs: 0-5VDC(>100KQ), 4-20mA
(<1KQ)

* Custom Output: 0-20mADC

» Compliance Output: 30VDC

* Isolation: 500VDC

+ N 4=30ma,
L 12534 |[CurentLoop
- f {K chma
OR
_@ 1254 HOCK, chme
PHOOERAY G

(All at 25°C) Also See Individual Specifications

Multilevel (Option 01): (Low Speed)
* Dry Contact to 24VDC

* Isolation to 5V Power: None

* Response: DC to 100Hz

* Input Impedance: 1MQ/27pF

TTL Level (Option 02):(High Speed)
* 0<.8V; 1=>2.4V

* Response: DC-50KHz

* Isolation to 5V Power: None

K 'I'I'L/ CMOS

RELAY
: AC. Line ﬁ
SWITCH

< PHOTO XTR ?

MEASURING INPUTS

DIGITAL DISCRETE INPUTS
Functions Selectable:

Event, Timer, Period, Frequency,
RPM and SPH

C

ANALOG INPUT SIGNALS

(All Isolated to 500VDC & After 30min, Warm Up)
Note: Worst case accuracy & linearity are the
sum of A/D and selected signal conditioner
errors.

A/D CONVERTER

* 16-Bit Plus Sign A/D(50K Counts)*

* Display Resolution:+0.002% of F.S.*

* Accuracy: +0.01% of Full Scale

* Linearity: £0.01% of Full Scale

* Drift: +50PPM/°C

* Zero: Automatic/Programmable

* SPAN: Programmable

* F.S.Input Voltage Range: £0.5VDC

* Max.Current Range: £1/2 AmpDC

» Sampling Rate:16/sec. + by
Channels

* Input Type: Single Ended/Diff.

* Input Bias: 50pA

+ C.M.V.: £2VDC

+ CMR: >90dB

* Averaging (Weighted): None to 40

* Input Impedance: See Ord. Info.

* Note: Limited by display of model
selected (# of digits)



HI-Q SERIES

COMMON SPECIFICATIONS cons

For: e+DINBAR s TEK TBS 114 <116 117
118 ¢119 120 121 123 124 126 *127 2K and 2000

NOTE: All V/mA Input Models (Options
10, 11, 14, 15, 30, 31, 33, 34, 35, 36, 50,
51, 53 & 54) Have Internal Jumper Selected
Input Ranges of .5, 5, 50 & 500V and .5, 5,
50, 500mA.

OPTIONS: (See Ord. Information)_
10, 11,12, 30, 31, 32,50, 51 & 52
* Same Specifications As A/D

ANALOG SIGNAL

CONDITIONERS

(All outputs set for £500mVDC F.S.)
STRAIN-GAGE:
( Options 17, 18, 37 & 38)

* Accuracy and Lin.: £0.1% of F.S.
* V Excitation(1): £2.5VDC +0.5%
« | Excitation(2): 1mADC +0.5%
« Stability of Excitation: +0.05%/°C
* Maximum Current of VE: 30mA
* Maximum Voltage of IE: 5VDC
(1) Typical for S-G of 200-400Q2
(2) Typical for Monolithic S-G to
5KQ
(3) Tare, Range, Zero Span Are
User Programmable

tE —> ON-OFF

+8| Hi-Q —_>Proportional

E [==">Serial I/O
F#87HODBO7

TRUE RMS VOLTS, AMPS & WATTS
(Options 14, 15, 34, 35, 36, 53, 54
5560 & 61)

* Accy. & Lin.: +1.0% of F.S.
DC-50KHz Sine Wave
*Accy. & Lin.: £0.5% of F.S. DC-10KHz
Sine Wave
*Accy. & Lin.: £2.0% of
F.S.10KHz- 50KHz Sine Wave
*Resolution: £0.01% of F.S.
Common Mode Voltage: 2Vrms
*Overvoltage Protection: 500VAC
*Overcurrent Protection: 200%
*Input Impedance: See Ord.Info.
*Drift vs Temperature: £50 PPM/°C
Input Bias Current: 10pA

@ %O AC Volts/
Frequency
O

@Eg . Amps
®©

Notes:

1. No isolation exists beween
channels.

2. Do not use grounded
thermo-couple.

ENVIRONMENTAL (To Specs)
INDUSTRIAL & NUCLEAR:

» Operating Temperature:-10-55°C

* Storage Temperature: -20-65°C

* Humidity: 10-90%RH, N.C.

* MTBF: >100,000HRS (Calculated)

VDC (Options 25 & 47)

* Accuracy & Lin.: £0.1% of F.S.
* Full Scale Input:10mVDC

* Typical Gain: 50(see A/D Sec.)
« Common Mode Voltage: +2VDC

RTD (Options 21 & 41)

* Din («=0.00385):-200° to+800°C

* ANSI (0=0.003923):-200 to+600°C

* Accuracy: +0.1°C

* Resolution: £0.1°C

« Scale: User Selectable °F, °C or °K

* Linearization: Polynomial to 9th

* Open Sensor:+Overange/Flash

» Connections: 2 Wire (3 or 4 Wire On
Request)

* Excitation: 0.1mA or 1mA (Cu)

* Open RTD: Burn-up

RESISTANCE (Options 20 & 40)

* Accuracy & Lin.: £0.1% of F.S.

* Full Scale Input: 50KQ

* Excitation Current: 0.01mA

« Stability of Excitation: +0.05%/°C

THERMOCOUPLE (Opt. 22,42 & 56)

» Thermocouple Type: User Select
able but Specify When
Ordering (J,K, T,R, S, B, C, E)
* Accuracy of HI-Q: £0.1% of F.S.
* Resolution: 0.1°
* Full Scale: Same as Thermocouple
* Open TC:(Burn Up)
* Input Impedance: >100MQ
* Scale: User Selectable °F, °C or °K
* Lead Resistance Effect:<0.001°/100Q
* Linearization: Polynomial to 9th

D

MILITARY: TO SPECIFIC MIL-STD
(1.E. 461, 462, 901, 167, ETC.)

CUSTOMS: OTEK CUSTOMIZES
ANY OF ITS PRODUCTS TO YOUR
EXACT SPECIFICATIONS.

POWER CONSUMPTION

(WORST CASE)
DIN-BAR 5W
HI-QTBS: 10W
HI-QTEK: 15W
HI-Q114: 10W
HI-Q116: 10W
HI-Q117: 15W
HI-Q118: 15W
HI-Q119: 15W
HI-Q120: 15W
HI-Q121: 15W
HI-Q123: 5W
HI-Q124: 5W
HI-Q126: 10W
HI-Q127: 5W
HI1-Q2000: 15W
HI-Q2K: 15W



