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Safety and Environment I nfor mation
Please read this section carefully beforeinstalling the controller

Thisinstrument isintended for industrial applications used in conjunction with
Marathon Sensors zirconia oxygen sensors and standard thermocouple types. Itis
assumed that any installation meets either CE standards for industrial safety or NEC
standard wiring practices. Failure to observe these standards or the installation
instructionsin this manua may degrade the safety or electrical noise protection
provided by thisinstrument. Itistheinstaller’s responsibility to ensure the safety
and electrical noise compatibility of any installation.

Service and repair

This controller has user replaceable fuses but no other user serviceable parts. The
fuses are located at the rear of the power board.

Fuse Location Marathon P/N Mfg Mfg P/N
Main AC Power MFU-3.13PCTT Wickmann 3821315 041
FWD Control MFU-1.0PCTT Wickmann 382 1100 041
REV Control MFU-1.0PCTT Wickmann 382 1100 041
Alarm 1 MFU-1.0PCTT Wickmann 3821100 041
Alarm 2 MFU-1.0PCTT Wickmann 382 1100 041

Contact your Marathon Sensors Service (800-547-1055) for repairs or spares.

Caution: Charged capacitors
Before removing an instrument from its case, disconnect the supply and wait at least
two minutes to allow capacitorsto discharge. Failure to observe this precaution will
expose capacitors that may be charged with hazardous voltages. In any case, avoid
touching the exposed el ectronics of an instrument when withdrawing it from the
case.

Electrostatic Discharge (ESD) Precautions
When the controller is removed from its case, some of the exposed electronic
components are vulnerable to damage by electrostatic discharge. Anyone who is not

probably ground using an ESD wrist strap or in contact with a ground while handling
the controller may damage exposed €l ectronic components.

Installation Safety Requirements
Safety Symbol

Various symbols are used on the instrument, they have the following meaning:
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Caution, (refer to the _1_ Functional earth
accompanying documents) = (ground) terminal

The functional earth connection is required for safety ground and to ground RFI
filters.

Personnel
Installation must be carried out by qualified personnel.
Enclosureof live parts

To prevent hands or metal tools touching parts that may be electricaly live, the
controller should be installed in an enclosure. The contacts on the rear of the
instrument case or finger save but it is still possible for loose wiring, or metal objects
to come in contact with live terminal connections. It is recommended that power be
removed from the instrument connections before they are disconnected. However,
instrument’ s power connector can be removed with power applied. Care should be
taken that the connector does not come in contact with any grounded object.

Live sensors

The dc inputs, dc logic, and dc outputs are all electrically isolated from chassis
ground. If the temperature sensor is connected directly to an electrical heating
element then the inputs will also be live. The controller is designed to operate under
these conditions. However you must ensure that this will not damage other
equipment connected to these inputs and that service personnel do not touch
connections to these terminals while they are live. With alive sensor, all cables,
connectors and switches for connecting the sensor and non-isolated inputs and
outputs must be mains rated.

Wiring

It isimportant to connect the controller in accordance with the wiring data given in
this handbook. Take particular care not to connect AC supplies to the low voltage
sensor input or other low level inputs and outputs. Only use copper conductors for
connections (except thermocouple inputs) and ensure that the wiring for installations
comply with al local wiring regulations. For example, in the UK, use the | atest
version of the wiring regulations, BS7671. Inthe USA use NEC Class 1 wiring
methods.

Power |solation

The installation must include a power isolating switch or circuit breaker. This device
should bein close proximity to the control actuator, and within easy reach of the
operator. Thereisno means of disconnecting power from the instrument other than
removing the connectors from the rear of the instrument. It isrecommended that
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additional power disconnects are provided in the installation to remove power from
these connectors as well.

Earth leakage current

Dueto RFI Filtering there is an earth leakage current of lessthan 0.5mA. This may
affect the installation of multiple controllers protected by Ground Fault Detector,
(GFD) type circuit breakers.

Over Current protection

The instrument has an internal 3.15 Amp fuse (P/N MFU-3.15PCTT) for instrument
power and 1 Amp fuses (P/N MFU-1.0PCTT) for the control contacts and alarms. It
is recommended that additional protection against excess currents be used for |oads
exceeding thisrating. Fusing and interposing relays should be added to the control
circuit if high current or large inductive loads are used.

Voltagerating

The maximum continuous voltage applied between any of the following terminals
must not exceed 250VAC:

* lineor neutral to any other connection;
 relay output to logic, dc or sensor connections;
* any connection to ground.

The controller should not be wired to a three phase supply with an unearthed star
connection. Under fault conditionsin this supply could rise above 264VAC with
respect to ground and the product would not be safe.

V oltage transients across the power supply connections, and between the power
supply and ground, must not exceed 2.5kV. Where occasional voltage transients
over 2.5kV are expected or measured, the power installation to both the instrument
supply and load circuits should include atransient limiting device.

These units will typically include gas discharge tubes, metal oxide varistors, and
constant voltage transformers help suppress voltage transients on the supply line due
to lightning strikes or inductive load switching. Devices are available in arange of
energy ratings and should be selected to suit conditions at the installation.

Conductive pollution
Electrically conductive pollution must be excluded from the cabinet in which the

controller is mounted. For example, carbon dust is aform of electrically conductive
pollution. To secure a suitable atmosphere in conditions of conductive pollution, fit
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an air filter to the air intake of the cabinet. Where condensation islikely, for
example at low temperatures, include athermostatically controlled heater in the
cabinet.

Over-temper ature protection

When designing any control system it is essential to consider what will happen if any
part of the system should fail. In temperature control applications the primary
danger is that the heating will remain constantly on. Apart from scrapping the
product, this could damage any process machinery being controlled, or even cause a
fire.

Reasons why the heating might remain constantly on include:

* the temperature sensor becoming detached from the process;
 thermocouple wiring becoming a short circuit;

 the controller failing with its heating output constantly on;

» anexterna valve or contactor sticking in the heating condition;
* the controller setpoint set too high.

Where damage or injury is possible, we recommend fitting a separate over-
temperature protection unit. Factory Mutual requires that any over temperature
device use an independent temperature sensor isolated from the heating circuit.

Please note that the alarm relays within the controller will not give protection under
all failure conditions. Thisinstrument is not suited for over temperature protection
and should not be used as a safety device.

Grounding of the temperatur e sensor shield

In someinstallations it is common practice to replace the temperature sensor while
the controller is still powered up. Under these conditions, as additional protection
against electric shock, we recommend that the shield of the temperature sensor be
grounded at one end of thewire. Do not rely on grounding through the framework of
the machine.

Installation requirementsfor EMC

To ensure compliance with European EM C directives certain installation precautions
are necessary as follows:

» When using relay outputs it may be necessary to fit afilter suitable for
suppressing the emissions. The filter requirements will depend on the type of
load. For typical applications such as Schaffner FN321 or FN612 line filters or
equivalents.



M arathon Sensors|nc.

 |f theunit isused in table top equipment which is plugged into a standard power
socket, it islikely that compliance to the commercial and light industrial
emissions standard is required. In this case, to meet the conducted emissions
requirement, a suitable mains filter should be installed. Recommended filters
would be Schaffner types FN321 and FN612 or equivalents.

Routing of wires

To minimize the pick-up of electrical noise, the wiring for low voltage dc and
particularly the sensor input should be routed away from high-current power cables.
Do not run signal cables in the same conduit or wire trays with AC power wiring.
Where it isimpractical to do this, use shielded cables with the shield grounded at one
end.
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VersaPro Features

The VersaPro isasingle loop process controller / monitor has the following
capabilities:

» Two channel 24 bit Sigma-Delta ADC for thermocouple, probe millivolt, with
cold junction compensation.

* Two (2) Form A alarm contacts (threshold limits in monitor only).

* Internal relay for oxygen sensor verification.

* Internal relay for sensor impedance testing.

» Serid EEPROM stores setup and calibration values.

* Two (2) 4-20 milliamp outputs for control or chart recorder.

» Sixteen character LCD with two four digit LED segment displays.

* RS 485 serial communication port for either MSI protocol or Modus.

I nstallation

The VersaPro instrument is designed for up to 1/8" panel mounting in aDIN
standard opening of 3.62" square (adapter panels available by special order).
Required rear clearanceis 7” to alow for wiring.

Aswith all solid state equipment, the controller should be located away from
excessive heat, humidity, and vibration. Since the unit uses LED and LCD display
devices, it should also be located so that direct sunlight will not interfere with the
display's visibility. The instrument requires 120/240 VAC 50/60 Hz and should not
be on the same circuit with other noise-producing equipment such as induction
machines, large electrical motors, etc. Signal wiring must be run separate from
control wiring. It issuggested that signal wiring at the rear terminals of the
instrument be routed in one direction (up or down) while the AC power wires are
routed in the opposite direction.

The following figure shows the rear terminals locations on the rear of the VersaPro.



M arathon Sensors|nc.

Figure 1 VersaPro Rear Panel
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Panel Wiring

The following diagram shows a typical wiring schematic for the monitor. Make sure
that signal wiring is not run with power wiring is the same wire tray or conduit.
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Figure 2 Panel Wiring

Mounting

To mount the instrument in a control panel, a hole must be cut 3.62" square in the
necessary location on the panel. The following procedure should be followed to
mount the VersaPro in the panel.

1) Insert the unit into previously cut out 3.62" square hole in panel.

2) While supporting unit, insert one clamping bracket into the groove on the
bottom of unit, and then install the 6-32 set screw.

3) Repeat step 2 for the top of the unit.

4) With aHEX KEY wrench, alternately tighten the screw on either side of
instrument to atorque of six in.-lbs. Insurerigidity of mounting. DO NOT
OVER TIGHTEN. Thiscan wrap the instrument enclosure and make
removal difficult.

To remove the instrument from the panel, reverse the above procedures.
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Process Control Options
The Versapro can be configured to perform anumber of specific control functions.

The following table outlines the available process functions for the oxygen controller
/ monitor.

Table 1 Instrument Monitoring Options

Function Description

Oxygen Uses the millivolt and temperature
signals from a zirconia sensor to
calculate oxygen concentrations and
control to an oxygen set point.

Alarms

The instrument has two types of alarms, process alarms and diagnostic alarms. If an
alarm has been selected and conditions are such that the alarm becomes active, the
instrument will display this condition on the center LCD display. The adarmsa
numbered as Alarm 1 and Alarm 2. The various displays for active alarm conditions
would be displayed as shown below. N indicates the position of the alarm number, 1
or 2.

ALARM CONDITION ACTION
DISPLAY
FULL HI N Alarm contact Full Scale High,
assigned Contact automatically
resets unless latched.
FULL LOW N Alarm contact Full Scale Low,
assigned Contact automatically
resets unless latched.
PROBE Alarm contact Probe Impedance
IMPEDANCE assigned High, Contact
automatically resets
unless latched.
VERIFICATION | Alarm contact Probe Verification out
assigned of tolerance, Contact
automatically resets
unless latched.

LLLL Display only Displays process value
within display range
or exponent setting

HHHH Display only Displays process value
within display range




M arathon Sensors|nc.

or exponent setting

FLASH CSUM Alarm contact Reset instrument
assigned power. Returnto
Marathon if error does
not clear.
EEPROM CSUM | Alarm contact Reset instrument
assigned power. Returnto

Marathon if error does
not clear.

assigned

KEYBOARD Alarm contact Reset instrument
assigned power. Do not push
any keyswhile
instrument is powered
on. Return to
Marathon if error does
not clear.
FLASH ERASE | Alarm contact Programming error,
assigned Reset instrument
power, attempt reload.
FLASH / EE SIZE | Alarm contact Programming error,
assigned Reset instrument
power, attempt reload.
ADC FAULT Alarm contact Reset instrument
assigned power. Returnto
Marathon if error does
not clear.
TEMP OPEN Alarm contact Check thermocouple
assigned for open condition or
loose connection.
MV OPEN Alarm contact Check probe millivolt

signal for open
condition or loose
connection. This
signal can only be
tested if the probe
temperature is above
1300°F and exposed to
process gas.

Process Alarms
The process alarms can be setup to activate either or both of the two alarm contacts
provide on the VersaPro. Nine user selectable modes are available.

OFF
Disables the alarm function and the alarm contacts.

10
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Full Scale HI

An aarm is generated any time the process value goes above the Full Scale HI
alarmvalue. Thisalarm isreset if the process falls below the alarm value or
acknowledgement from the front panel or through the event input (if
configured).

Full Scale LO

An aarm is generated any time the process value drops below the Full Scale LO
alarm value. The alarm will arm once the process is measured above the alarm
value. Thisaarm isreset with an acknowledgement from the front panel or
through the event input (if configured).

Fault

An alarm is generated any time an open input occurs on either the T/C or MV
inputs. Both inputs are pull up to a maximum value if no input is connected or if
the input failsin an open circuit mode. An open T/C input fault isignored for
the Linear configuration. The center display will indicate which of these
conditions has caused the alarm. The aarm process will also become active if
any of the listed hardware faults occur. The center display will indicate which of
these conditions has caused the alarm. A fault alarm can not be cleared unless
the condition causing the alarm is resolved.

Probe

An aarm is generated any time the probe exceeds the maximum probe
impedance setting, or the verification test tolerance. All of the probe values and
limits are configured in the Probe Menu. The center display will indicate which
of these conditions has caused the alarm.

Alarm Action

Each alarm can be configured to operate in several different modes. Each alarm can
be configured as areverse (normally closed) contact. This modeis usually used for
failsafe alarms that will open during an alarm condition, fault, or power failure.
Each alarm can also be configured as adirect (normally open) contact that closes
when an alarm condition occurs. In both cases the alarm will automatically clear if
the alarm condition is resolved.

Each alarm can also be configured for either reverse or direct latched conditions. In
this mode the alarm contact will remain active until an acknowledgement is received
through the event port or by pressing the ENTER key.

Alarm Delay Times

Each adarm can have delay ON, delay OFF, or both delays applied. Delays can be

applied in increments of a second, up to a maximum of 250 seconds. ON delays are

11
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helpful if aknown upset in the process can be ignored. This avoids nuisance alarms
but still maintains an active alarm if the alarm condition persists following the delay.
OFF delays will hold the alarm contact active for a determined period of time once
the alarm condition has cleared. This can be helpful as an interlock to other process
functions that may have to recover following an alarm condition.

Hardwar e Fault Alarms

A fault dlarm is shown on the instrument’ s center display when afault is detected in
the internal hardware during power up. These alarmsincluded:

FLASH CSUM A fault has been detected in the Flash memory.
EEPROM CSUM A fault has been detected in the EEPROM.
KEYBOARD A key is stuck or was held down during power up.

FLASH ERASE This error may occur during instrument programming. The
Flash memory may be faulty. Retry programming, make sure
the communications link to the instrument isworking
properly.

FLASH/EE SIZE Thiserror may occur during instrument programming. The
Flash memory may be faulty. Retry programming, make sure
the communications link to the instrument isworking
properly.

ADC FAULT The analog / digital converter has failed to initialize or failed
self calibration.

If either alarm contact is configured for afault this alarm will engage if any of the
above faults occur. The LCD display will indicate the fault condition. A fault can
not be acknowledged. It most clear on power up or after the instrument memory has
been reconfigured. Contact the Marathon Sensors Service department if any of the
above faults occur and will not clear following a power reset.

Display Limits
The front panel display will show 0000 if the process value is below the display
resolution, or ‘hhhh’ if the process value is above the display resolution. It may be

necessary to adjust the oxygen exponent and/or the oxygen decimal point settings if
these symbols occur.

Front Panel Operation
The instrument has a display/keyboard assembly. Thisassembly hasa2 x 4

keyboard group, two groups of four LED seven segment displays (upper and lower),
and a single line sixteen character LCD display.

12
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2.02

VersaPro

OXYGEN / TEMP

Marathon Sensors Inc.
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Figure 3 VersaPro Display

The LEDS to either side of the LED segment arrays light when the corresponding

function is active.

+  COMM flashes when the instrument is properly interrogated over the RS485
port.

* PWRishard wired to the instrument 5V DC supply

* AUTO islit when the instrument is controlling to a set point (controller option)

* REM islit when the instrument is controlling to a remote set point (controller
option)

The upper display indicates the process value or the Setup Menu Heading when the
SETUP key has been pressed.

The center display will indicate what scaling is being used for the oxygen
measurement. In figure 2 the instrument is indicating that % oxygen is being
measured. This measurement range can be changed to indicate parts per million
(ppm) or other measurement ranges based on the oxygen exponent setting in the
Setup Calc(ulation) menu. The exponent setting has arange of 0 to E-31. Other
possible displays could be; Oxygen E-12, Oxygen E-20, etc.

The center display also shows the parameter name in Setup mode or flashes afault or
alarm message if any are active.
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The lower display shows the instrument set point if the controller isin automatic or
remote mode. The display will switch to control output level when the instrument is
changed to manual. The monitor option will display the probe temperature by
default. Thelower display can be configured to display other parameters based on
the instrument option.

Setup Key

The instrument can be placed in setup mode by pressing and holding the SETUP key
for 5 seconds. The upper display initialy shows the first setup menu while the
center and lower displays are blank. At thislevel you can select different menus by
pressing the RIGHT or LEFT arrow keys. The upper display will change
accordingly.

Y ou can enter amenu by pressing the ENTER key when the desired menu heading is
being displayed. Pressing the arrow keys can change menu parameters. Value
changes can be saved or the next parameter can be selected by pressing the ENTER
key. The menu parameters will continue to cycle through the display as long as the
ENTER key ispressed. A new menu can be select only when the menu heading is
displayed. Y ou can exit from the Setup mode by pressing the SETUP key at any
time.

The following tables outline the Setup menus available in the VersaPro Controller
and Monitor when the operator presses the SETUP key.

Table 2 Setup Menus

Setup Menu Description
Heading

CtrL Process functions
Inpt Thermocouple type and Millivolt setup
CalLc Oxygen exponent setting
Prob Probe tests and verification parameters
Aout Analog output selection and parameters
ALr Alarm contact configurations
Evnt Digital Input function selection
Info General information displays
CaL Input / Output calibration

Y ou have to press the SETUP key for five seconds to activate the setup mode. If a
lock level of 1 or higher is set, you may also have to enter a password to proceed.
Initially when the setup mode is activated, the LCD display will show the first menu
heading, the upper and lower LED displays are blank. Page to the next Menu
heading by pressing the RIGHT or LEFT arrow keys. The menu headings will
continue to wrap around as the RIGHT or LEFT arrow keys are pressed. Pressing
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the SETUP key at any point while in the Setup Menus will return the display to the
normal processdisplay. Seefigure 3.

The displayed menu is selected by pressing
the ENTER key. The first parameter name
eru s i

in the selected menu list will appear in the
Yersafro center display. The upper LED group
PROCESS SOURCE continues to display the menu name, the
i center display shows the parameter name,
and the lower LED group shows the
parameter value. A flashing cursor in the
lower LED display indicates which digit can

change if the parameter value is numeric.
The UP or DOWN arrows increase or
decrease the digit value. The RIGHT or LEFT arrow keys move the cursor to the
right or left digit. No wrap-around is provided for the cursor.

If the parameter has a table of choices such as thermocoupl e types, the various
selections can be displayed by pressing the UP or DOWN arrows. No digit flashes
in parameter displays that have a choice selection. In either case, the selection is set
when the ENTER key is pressed and the display advances to the next parameter.

In the example shown above, the selected menu is Control (CtrL), the selected
parameter is Control Type, and the displayed parameter valueis O2. Thisis one of
several processtypesthat are available. Different control selections can be made by
pressing the UP or DOWN arrow keys.

Pressing the SETUP key at any time escapes from the menu display and returnsto
the normal process display. You can only select another menu heading when the
display is at amenu heading.

The following figures and tables outline the menu options and parameters under the
Setup key. Default settings are shown in BOLD.
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Figure 4 Setup Menu Tree
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Table 3 Control Menu (CtrlL)

Parameter Name Options/ Range Description
Default
PROCESS SOURCE | 02 Display range: | Control type only available

0.000t0 9999 | on instrument’s specific
configuration. This selection
controls what other
parameters will be available.

SENSOR OPEN ZERO 0% OUTPUT sets the control
HOLD output to O if athermocouple
break and/or an open mvV
input are detected. HOLD
holds the output to the last
averaged output prior to a
break and/or open input.

CONTROL MODE NON Indicates that the instrument
is configured for monitor
only.

Table4 Input Menu (INPTt)

Parameter Name Options/ Default | Range Description
TCTYPE B,E J K NR, See Input calibration for
ST thermocoupl e ranges.

COLD JUNC YESor NO Appliesthe cold junction

APPLY correction or not when a
thermocoupletypeis
selected.

IN A OFFSET No effect 0 No effect in oxygen
monitor.

IN A SLOPE No effect 1 No effect in oxygen
monitor.

TEMP SCALE FORC Sets temperature scale.

TCFILTER SECONDS 0-—9999 Temperature filter time

1000 constant. Filtersthe

temperature value with a
moving average time
window. Higher numbers
decrease average time.

IN B OFFSET No effect 0 No effect in oxygen
monitor.

IN B SLOPE No effect 1 No effect in oxygen
monitor.
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MV FILTER

SECONDS
1000

0—-9999

Millivolt filter time
constant. Filtersthe
millivolt reading with a
moving average time
window. Higher numbers
decrease average time.

Table5 Calculation Menu (CALC)

Parameter Name Options/ Range Description
Default
OXYGEN POWER OF 0-31 2=%, 6 =ppm, 9=ppb
EXPONENT TEN Availablein O2 only. The
2 negative value of the
exponent isassumed. (This
parameter isalso shownin
control menu)
LOWER DISPLAY TENP Monitor always shows

probe temperature (TENP).

Table 6 Probe Setup Menu (PrOb)

Parameter Name Options/ Default | Range Description

PROBE TEST NONE No test (NONE),

RES Impedance (RES),

VER Verification (VER), or

BOTH BOTH impedance and
verification can be
selected.

START TEST YES/NO If probetest interval is0,
then test only runs once. If
probe test interval is set
then test run continuously
from start point and at each
interval time. Test stops
when changed back to NO.
Probe temp must be >= the
minimum probe
temperature setting.

TEST INTERVAL HRSTENTHS | 0-99.9 Setstime interval between

00.0 automatic probe tests, O
disables automatic testing.

PROBE IMPLIMIT | KOHMS 10-100 Sets maximum impedance

20 for Probe alarm
IMP RECVRY SECONDS 0-250 Sets maximum Probe
TIME 30 recovery time, timer cut
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short if probe recovers
faster. The Probeaarmis
set if the probe signal does
not recover while this timer
isactive.

VERIFY DELAY SECONDS 0-999 Initial verification delay.
30 O2 function only. This

delay alowstimefor the
verification gasto flow to
the tip of the probe.

VERIFY AVG TIME | SECONDS 0-999 Verification sampling time.

30

VERIFY SECONDS 0-999 Recovery time for probe

RECOVERY 30 following verification test.
The PROBE adarm is set if
the probe signal does not
recover before this timer
expires.

VERIFY % OXYGEN 0-250 Percent of O2 used as

STANDARD 3.0 verification gas.

VERIFY % OXYGEN 0-25.0 Tolerance (02%) for

TOLERANCE 0.5 acceptable measurement.
Specified in the same units
asthe displayed O2. O2
function only. The PROBE
alarmis set if the oxygen
level measured during
verification exceeds this
tolerance.

MIN PROBE TEMP | 1400 F 1100° —2000° F | Minimum temperature for

590° —1090° C

probe impedance and
verification tests.

Table 7 Analog Output Menu (AOUt)

Parameter Name

Units or Options

Range

Description

ANALOG 1 UNIT

02, TENP

4 to 20mA
output.

02 —retransmits Oxygen if
oxygen is selected as
process source.

TENP - probe temperature
when oxygen is selected as
process source and a
thermocoupletypeis
selected.

ANALOG 1 OFFSET

Offset for

-9.99 10 40.00

Thisis the minimum value
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selected process of the process associated

value or percent | -999 to 9999 for | with the 4mA output. The

output. temperature magnitude of this number

0.00 Is based on the display
resolution.

ANALOG 1 RANGE | Span scaling for | -9.99 to 99.99 Thisis the maximum value
selected process | for O2 of the process associated
value or percent | -999 to 9999 for | with the 20mA output. The
output. Temp magnitude of this number
20.9 Is based on the display

resolution.

ANALOG 2 UNIT 02, TENP, Same as Analog 1

ANALOG 2 OFFSET | Offset for Same as Analog 1
selected process
value or percent
output.

0

ANALOG 2 RANGE | Span scaling for Same as Analog 1
selected process
value or percent
output.

3000
Table8 Alarm Menu (ALr)

Parameter Name Units or Options Range Description

ALARM 1 TYPE OFF OFF disablesaarm
FSHI, contact.

FSLO FSHI - Full Scale HI,

FALT active when processis

PROB above ALARM 1VALUE.
FSLO - Full ScaleLO,
active when processis
below ALARM 1 VALUE.
Falt — Fault, open inputs
for mV, thermocouple or
hardware fault.
Prob — Probe, active if
impedance or verification
tests are out of range.

ALARM 1VALUE |0 Trigger set point value

ALARM 1 ACTION

REV, LREV, DIR,
LDIR

REV = Reverse (N.C.) can
be acknowledged even if
the condition still exists.
LREV = Latched Reverse
(N.C.) can not be
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acknowledged if the
condition still exists.

DIR = Direct (N.O.) can be
acknowledged even if the
condition still exists.

LDIR = Latched Direct
(N.C.) can not be
acknowledged if the
condition still exists.

ALRM 1TM ON 0—250 SECONDS Delay ON time for
DLY ALARM1

ALRM 1 TMOFF 0—250 SECONDS Delay OFF time for
DLY ALARM1

ALARM 2 TYPE SameasALARM 1 | OFF SameasALARM 1 TYPE
TYPE
OFF

ALARM 2VALUE |0 Trigger set point value

ALARM 2 ACTION |DIR SameasALARM 1
ACTION

ALRM 2TM ON 0—250 SECONDS Delay ON time for

DLY ALARM?2

ALRM 2 TMOFF 0—250 SECONDS Delay OFF timefor

DLY ALARM?2

Table 9 Info Menu (InFO)

Parameter Name Unitsor Options | Range Description

MILLIVOLT TEMP | MILLIVOLTS | -10-100 Displays direct mV of

IN Temperature input

MILLIVOLT PROB | MILLIVOLTS | 0-2000 Displays direct mV reading

IN of probe input

COLD JUNCTION DEG(FORC) |0-60°C Displays actual cold
junction temperature

PROB IMPEDANCE | Kohms 0-100 Displays last probe
impedance value.

IMP RECVRY TIME | SECONDS 0-250 Displays last impedance
recovery time.

VERIFY READING | % OXY GEN 0-025.0 Displays last verification
reading. O2 configuration
only.

NEXT TEST Hours.tenths Time to next probe test,
shows 00.0 if test
automatic test is disabled.

FIRMWARE REV Version number
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Table 10 Calibration Menu

Parameter Name Units or Options | Range Description
CAL INPUT NO/YES Default to NO, must be
changed to Y ES to enter
input calibration routine.
TC ZERO Changes calibration value
for thermocouple zero
TC SPAN Changes calibration value
for thermocouple span
CJOFFSET 0-60°C Sets the cold junction
(CAL IN) 0-140°F offset depending on the
temperature range selected
CAL OUTPUT NO/YES Default to NO, must be
changed to Y ES to enter
output calibration routine.
OUTPUT 1 MIN Sets signal level for the
(CAL OUTPUT) minimum mA output.
OUTPUT 1 SPAN Sets signal level for the
(CAL OUTPUT) maximum mA output.
OUTPUT 2 MIN Sets signal level for the
(CAL OUTPUT) minimum mA output.
OUTPUT 2 SPAN Sets signal level for the
(CAL OUTPUT maximum mA output.

Pressing the Setup key once at any point in the Setup menu will return the instrument
to the normal process display.
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Dual Key Functions
The VersaPro was three dua key functions as defined below:

ENTER/ RIGHT arrow Initiates probe test sequence
ENTER / REM Monitor Mode

Sarting Probe Tests

Pressing the ENTER / RIGHT arrow keys simultaneously will start the probe tests if
a probe test function has been selected in the Probe Setup Menu, parameter Probe
Test, and the probe temperature is above the minimum probe temperature parameter
in the same menu.

If there is avalue other than O entered in the Probe Test Interval parameter the probe
test will be preformed after the selected interval time has elapsed from the time the
test was manually started. If theinterval timeis set to O then no additional tests will
be preformed until the next manual start. Starting the test through this dual key
function isthe same asif the Start Test parameter in the Probe menu had been
changed from NO to YES.

Monitor Mode

Monitor Mode is used by factory personnel only. Return to operate mode by cycling
power or sending the appropriate command word to the instrument.

Probe | mpedance Test

The probe impedance test is performed by measuring the open circuit voltage of the
probe, applying a known shunt resistor across it and measuring the shunted voltage
output. The value of the shunt resistor is 10kohm for oxygen sensors.

To run aprobe impedance test it is necessary setup the probe testing parameter in the
SETUP Probe Menu. Please refer to Probe parameters table for an explanation of
these setup parameters. It is necessary to have the impedance (RES) test or both
(BOTH) selected at the PROBE TEST parameter in order to run the impedance test.
Y ou may choose to accept the defaults for the other parametersin this menu or
change them to suit your applications. It is necessary that the sensor be above the
MIN PROBE TEMP parameter setting for thistest to run. It isalso necessary for the
probe to be measuring a stable process gas during this test.

There are two ways to start thistest. From the Probe Setup menu at the START

TEST parameter, you can change this parameter from NO to Y ES and then press the
SETUP key. Theinstrument will display the test name and sequence number on the
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front display. The LCD display will indicate “IMPEDANCE TEST” while the lower
LED display will show the test sequence number as listed in the following table.

It isaso possible to start the test in the process display mode by pressing the ENTER
and RIGHT ARROW keys at the same time if an interval time has been entered. The
test can be stopped by returning to the START TEST parameter and changing YES
to NO and then pressing ENTER.

If the TEST INTERV AL parameter has a number other than 00.0 then the test will
continue to run each time the test interval timer counts down to 0. The test interval
function can be stopped by setting the interval timer to 00.0.

The following table explains the various operations of the impedance test.
Table 11 Probe I mpedance Sequence

Sequence # Description

1 Inhibit process variable calculations.
Freeze all process controls and outputs.
Freeze alarms at last state except clear any
previous probe test failure alarm.

Store present probe millivolt reading
Apply shunt resistor across probe

2 Wait for impedance test timer, fixed time
of 30 seconds

Compute impedance of probe and remove
shunt resistor. Save measured impedance
as PROBE IMPEDANCE in INFO menu.
If impedance is greater than PROBE IMP
LIMIT then set probe test failure alarm.

3 Wait for probe to recover to >=99% of
original millivolts.

Evaluate actua recovery timeto IMP
RECVRY TIME

If recovery timeis greater than IMP
RECVRY TIME then set probetest failure
alarm.

Store recovery time (or max value) as IMP
RECVRY TIME in INFO menu

4 If verification isto be performed then go to
step 1 of verification sequence

Otherwise wait 30 seconds and resume
normal operation of all instrument
functions,
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Why Measur e Sensor | mpedance?

It isimportant to track sensor impedance over a period of time to help determine the
replacement schedule for the sensor. A high impedance (>50 KQ) indicates that the
electrode contact on the probe zirconia has deteriorate to alevel that probably
warrants replacement. High sensor impedance resultsin alower signal output from
the sensor and an eventual failure of the electrode connection on the process side of
the zirconia ceramic. Thisdeterioration is more of afactor in highly reducing
atmospheres. In such applications, it may be necessary to check the impedance at
least once amonth. Under light reducing, annealing, or brazing operations, the
impedance may not have to be check unless there is a question about the probe’s
performance.

A typical impedance for anew probeislessthan 1 KQ. Asthe probe startsto age
the impedance will increase. Past 20 KOHM the sensor should be monitored more
closely. Above 50 KQ, the sensor should be replaced. If it is necessary to replace
the sensor, remove it carefully, following the instructions supplied with the sensor.
Do not discard a sensor with a high impedance. 1t may be possible to rebuild the
sensor if the ceramic parts are intact. Contact Marathon Sensors, Inc. for
information on rebuilding your sensor.

An impedance test can only be performed if the probe temperature is at or above
1300°F with stable atmosphere present. The instrument freezes all control functions
and process signals during the test.

A 10K Q resistor is shunted across the sensor output. The sensor impedance is
calculated as:

Rx = [(EO/ES)-1]*Rs

Where Rx = sensor impedance, Eo = sensor’ s open circuit voltage, Es = shunted
sensor’ s voltage, and Rs = shunt resistor. The units of Rx are the same as Rs.

Probe Verification

Probe verification is performed by measuring the probe signal when a known
calibration gas has been allowed to flood the sheath of the oxygen probe. A ¥2" CPI
compression fitting at the mounting hub of Marathon Sensors oxygen sensorsis
provided for the connection the verification gas. When a gas of known oxygen level
isallowed to flow through this port, it floods the probe sheath and flows out and
around the oxygen sensor. This method does not use the process as the basis for
measurement nor does it have to assume that the process is stable, but the sensor
does have to be above the MIN PROBE TEMP parameter found in the PROBE setup
menu. Thisvalueistypically 1300°F or higher.

25



M arathon Sensors|nc.

To run aprobe verification test it is necessary setup the probe verification test
parameters in the SETUP Probe Menu. Please refer to Probe parameters table for an
explanation of these setup parameters. It is necessary to have the verification (VER)
test or both (BOTH) selected at the PROBE TEST parameter in order to run the
verification test. Y ou may choose to accept the defaults for the other parametersin
this menu or change them to suit your application. It is necessary that the sensor be
above the MIN PROBE TEMP parameter setting for thistest to run. It isnot
necessary for the probe to be measuring a stable process gas during this test.

There are two ways to start thistest. From the Probe Setup menu at the START
TEST parameter, you can change this parameter from NO to Y ES and then press the
ENTER key. Theinstrument will exit the Setup mode and display the test name and
segquence number on the front display. The LCD display will indicate “VERIFY
TEST” while the lower LED display will show the test sequence number aslisted in
the following Table.

It isaso possible to start the test in the process display mode by pressing the ENTER
and RIGHT ARROW keys at the same time. The test can be stopped by returning to
the START TEST parameter and changing Y ES to NO and then pressing ENTER.

If the TEST INTERV AL parameter has a number other than 00.0 then the test will
continue to run each time the test interval timer counts down to 0. Thistest interval
can be stopped by setting the interval timer to 00.0.

Readings are averaged to eliminate variations in measurement due to initial flow
conditions. There are three operator inputs for verification time periods;

» TEST INTERVAL isan interval timer that sets the time between automatic
verificationsin hours and tenths. The verification can be manually initiating by
pressing and holding the Enter key and then the Left Arrow key. Setting the test
interval time to zero disables automatic testing.

 VERIFY DELAY TIME istheinitial stabilization period in seconds.

* VERIFY AVG TIME isthe measurement averaging time period in seconds.

* VERIFY RECOVERY isthetime period in seconds that allows the probe to
recover and return to the process level.

Two values allow the operator to set the actual value of the verification gas and the
allowed tolerance for the measured comparison.

* VERIFY STANDARD isthe oxygen level of the gas standard in percent oxygen.

*  VERIFY TOLERANCE isthe measurement tolerance specified in percent
oxygen.

*  MIN PROBE TEMP isthe minimum probe temperature that must be met to
allow the test to proceed.
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The following table outlines the actions the instrument takes at each sequence step.

Table 12 Probe Verification Sequence

Sequence # Description

1 Inhibit process variable calculations.
Freeze all process controls and outputs.
Freeze alarms at |ast state except clear any
previous probe test failure alarm.

Close verification contact and wait the
VERIFY DELAY time period.

2 Average oxygen readings from probe
during the VERIFY AVE TIME period.
3 Release the verification contact and wait

the VERIFY RECOVERY time period.
Evaluate the averaged oxygen reading to
the VERIFY STANDARD + VERIFY
TOLERANCE. Setalarm fault if
comparison fails.

Save averaged verification reading as
VERIFY READING in INFO menu.

4 Resume normal operation of all instrument
functions.

The equation for the verification sequence is the standard percent oxygen equation:

20.95
oy ——

(E/0.0215* TK)
e

Where:
E = probe millivolts, Tk = probe temperature in degrees Kelvin.
20.95isthe %02 in air.
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Scaling Analog | nputs

If either input is set to Linear mode the displayed value for that input can be scaled to
desired engineering units. Thisishelpful if the measured linear value hasto be
scaled and re-transmitted on one of two anal og output channels.

Using the equation y = mx + b, where
Y isthe desired engineering unit to be displayed
X isthelinear millivolt value
M isthe Slope of the y/x relationship
B isthey intercept

Linear A example

Let ususe Input A asalinear input for alinear oxygen cell that outputs aOmV to
53.2mV signal over a 0% to 100% oxygen range. Since both the signal output and
the process minimum are both 0, the Input A offset will be 0. The slope can be
calculated by dividing the maximum process value (100) by the maximum input
level (53.2mV). The givesasope value of 1.879. Since the slope parameter only
has three digits, the actual number to be entered is 1.88. The decimal point hasto be
shifted twice to the left.

These scaling values will produce a process value of 100.0160% oxygen for a
maximum sensor input of 53.2mV. The process display can be configured to display
either 100 or 100.0. This process value can then be retransmitted to other control
devices are arecorder. The control model of the Versapro will be able to control to a
set point for the new process value.

Keyboard Function during Input Slope

The three left digitsin the slope display can be change from 0to 9. The most
significant digit position allows you to shift the decimal point by pressing the LEFT
arrow key. The decimal point will loop from first digit to the third digit asthe LEFT
arrow key ispressed. The RIGHT arrow key moves the display cursor back to the
numbered digits.

Scaling Analog Outputs

The analog outputs are scaled to simple offset and span values. For example if
analog output 1 isto be scaled for a0 to 100% oxygen value, the offset value would
be 0 and the span value would be 100. This assumes that the process oxygen valueis
also scaled for percent oxygen where the oxygen exponent is set to 2.

For ppm values the analog output would be scaled to the display resolution of the

process. For example, if the process display is 6.5 ppm, with a oxygen exponent of
6, the full scale display resolution would be any number between 000.0 and 999.9.

28



M arathon Sensors|nc.

The analog output can be scaled to a reasonable range of 0 to 10, which would drive
the 4 — 20mA output over a0 to 10ppm range and the 6.5 ppm process value would
result in an output of 14.4mA.

The same rules apply to analog output 2. The range of the offset and span numbers
depends on the range of the process value that has been selected for either analog
output.

Additional selections for Power Output and Program mode have fixed offset and
gpan values. The power output offset and span values are fixed to the LOPO and
HIPO values selected for the control outputs under the Setup Control menu.

The Program mode selection has a fixed offset of 0 and afixed span of 4096. When
this output mode is selected the analog output can only be changed by writing a
valueto either the DACV1 or DACV?2 registers.

Calibration

There are two analog inputs, a cold junction compensation sensor, and two analog
outputs on the VersaPro. Theinput level is determined by which terminals are used
for theinput signal. There are two pairs of input terminas: TB-B 1, 2 for the
thermocouple (T/C) input and TB-B 3, 4 for the probe millivolt input.

The 4 — 20mA analog outputsare at TB-B 5, 6 and TB-B 7, 8.
The following is abrief description of input/output and its specifications.
a) T/C Input

Input range -10 to +70 millivolts £ 2 pVv

TC burnout >full scale

b) Probe mV Input

Input range -50 to +2000 millivolts £ .1 mV, linear
Input impedance 40 megohm
Open input >full scale
C) Output 1
Output range 0 to 20 milliamps
Max. Load 650 ohms
d) Output 2
Output range 0 to 20 milliamps
Max. Load 650 ohms
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Calibration Displays and Keyboard Operation

When entering the Calibration Menu, the operator has to answer one of two
guestions depending on which 1/0 functions have to be calibrated. If the
CALIBRATION IN prompt is answered with a YES, then the parameters related to
the thermocoupl e input, millivolt input, and cold junction are displayed. If this
prompt is skipped by pressing the Enter key, then a second prompt, CALIBRATION
OUT isdisplayed. If thisprompt isanswered with a YES, then the parameters relate
to the analog outputs are displayed.

In the Calibration Menu the displays and front panel keys take on special
assignments. The process display shows the value of the input being calibrated with
aflashing digit. Thisflashing digit indicates the relative sensitivity of the arrow
keys, as described following the key descriptions. The upper LED display indicates
the zero or the span value is being modified. The lower LED display indicates the
calibration factor that is changed for each 1/0 channel. The LCD display indicates
the name of the parameter to be adjusted.

It is very important that the display is indicating the proper 1/O parameter before
making an adjustment or the wrong value will be changed.

Once the particular calibration mode is selected, the process values are displayed in
the upper LED group. The following keys perform the described functions:

Key Function

LEFT ARROW Increases the adjustment sensitivity by moving the blinking
cursor to the most sensitive position (far left position). A
further press of the key loops the adjustment to the least
sensitive position (far right position).

RIGHT ARROW Decreases the adjustment sensitivity by moving the blinking
cursor to the least sensitive position (far right position). A
further press of the key loops the adjustment to the most sensi-
tive position (far left position).

UP ARROW Increases the digit indicated by the blinking cursor.

DOWN ARROW Decreases the digit indicated by the blinking cursor.

SETPT Resets the selected calibration factor to the theoretical preset.
ENTER Cyclesto next input value or saves the calibration changes.
SETUP Exits the calibration mode.

30



M arathon Sensors|nc.

Adjustment Sensitivity

The adjustment sensitivity works in the following manner. If the right most digit in
the process display is flashing then each press of the up or down arrow key will
change the displayed process value by a single calibration unit. If the left most digit
is flashing then each press of the up or down arrow key will change the process value
by athousand calibration units. Likewise the middle digits will indicate sensitivities
of ahundred and ten units respectively. The input value will usually change by an
amount less then the calibration factor; however, by observation of the change, the
sensitivity can be selected in order to allow the calibration factors to be adjusted
more quickly. Asthe desired value is approached, less sensitive adjustments are
required.

Preparing for Input Calibration

Make sure you have the correct thermocouple type selected on the instrument if you
see a significant difference between the thermocouple input and the displayed
temperature on the instrument.

Calibration of the Thermocouple I nput

This calibration procedure assumes that a thermocouple type has been sel ected.
Calibration procedure:

1. Connect the input to be calibrated to ajunction compensated calibrator (i.e. Biddle
Instrument Co. Versa-Cal Calibrator) using the proper extension wire for the

thermocoupl e type sel ected.

2. Activate the calibration mode by entering the SETUP menus, selecting the
Calibration menu and changing Calibration IN - NO to YES.

3. Use the Enter key to select the TC ZERO mode.

4. Set the calibrator output to the recommended zero valuein Table 17 for the
thermocoupl e type sel ected.

5. Using the arrow keys, adjust the process value to equal the calibrator input.
6. Press the Enter key to select the TC SPAN mode.

7. Set the calibrator output to the recommended span value in the following table for
the thermocoupl e type selected.

8. Using the arrow keys, adjust the process value to equal the calibrator output.
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9. Repeat steps 3 through 8 by pressing the Enter key until no additional changeis

needed.

Table 13 Thermocouple Calibration Values

T/C type Minimum Maximum
Vaue °F (°C) | Vaue°F (°C)

B 800 (426) 3000 (1800)

E -454 (-270) 1832 (1000)

J 32 (0) 1300 (900)

K 32 (0) 2300 (1200)

N 32 (0) 2300 (1200)

R 300 (150) 3000 (1800)

S 300 (150) 3000 (1800)

T 32 (0) 700 (350)

The usable ranges for the thermocoupl e types are shown in the following table . If it
isdesirable to have a higher accuracy over a specific operating range then the input

should be calibrated over that range.
Table 14 Usable Thermocouple Range (°F)

TIC type Minimum Maximum

Value (°F) Vaue (°F)
B 800 3270
E -440 1830
J -335 1400
K -340 2505
N -325 2395
R 300 * 3210
S 300 * 3210
T -380 755

* Due to the extreme non-linearity of low level signals, using type R and S below

300° F is not recommended.

Calibration of the Probe Millivolt Input

Calibration procedure:

1. Connect terminals TB-B 3, 4 to an isolated, stable voltage source calibrator.
2. Set the calibrator output to zero or short TB-B 3, 4 together with a short piece of

wire.
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8.
0.

Activate the calibration mode by entering the SETUP menus, selecting the
Calibration menu and changing Calibration IN - NO to YES.

Use the Enter key to select the MV ZERO mode.

Set the calibrator output to a zero millivolt output.

Using the arrow keys, adjust the process value to equal the calibrator input.
Press the Enter key to select the MV SPAN mode.

Set the calibrator output to the required millivolt span (2000mV maximum).
Using the arrow keys, adjust the process value to equal the calibrator output.

10. Repeat steps 4 through 9 by pressing the Enter key until no additional changeis

needed.

Calibration of the Analog Output Channels

The same calibration procedure can be used for either output channel.

Calibration procedure:

1.

Connect terminals TB-B 5, 6 (or 7, 8) to a multimeter such asa Fluke 77. Select
the milliamp measurement range and verify that the test leads are plugged into
the milliamp jack and common on the multimeter.

Activate the calibration mode by entering the SETUP menu, selecting the
Calibration menu (CAL), pressthe ENTER key until CAL OUTPUT - nOis
displayed.

Change the nO prompt to Y ES using the UP arrow key.

Pressthe ENTER key to select the OUTPUT 1 MIN mode. In OUTPUT 2is
required, continue pressing the ENTER key until OUT 2 MIN is displayed.
Using the UP or DOWN arrow keys, adjust the flashing digit value. Pressthe
RIGHT or LEFT arrow keys to select the adjustment sensitivity. Adjust the
displayed value until the multimeter indicates the desired minimum output. This
istypicaly 4 mA but thislevel can be adjusted from OmA to 20mA.

Pressthe ENTER key to select the OUTPUT 1 SPAN mode. If OUTPUT 2is
required, continue pressing the ENTER key until OUTPUT 2 SPAN is displayed.
Using the arrow keys as explained in step 5, adjust the output to read 20mA on
the multimeter. This output level can be adjusted from the minimum output
setting up to 20mA if another rangeis required.

Press the SETUP key to save the calibration values and exit the calibration
routine.
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Process Calculations

Oxygen Process Control

Oxygen: 20.95
%02 = --------mmmm oo

(E/0.0215*Tk)
e

Where:
E = probe millivolts + mv offset, Tk = probe temperature in degrees Kelvin.
20.95isthe %02 in air.

An exponent setting of 2 will display percent oxygen. An exponent setting of 6 will
display ppm oxygen levels. If the display is showing ‘hhhh' then decrease the
exponent value until areading is obtained. If thereadingis0000 or ‘LLLL’ then
increase the exponent value until areading is obtained.

Refer to the oxygen charts at the end of this manual to determine which exponent
setting is best for the signal levels and temperature in your process.
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Versapro Monitor Mode

The Versapro is programmed to accept new operation code through a special key
sequence. This mode allows the users to download an updated version of the
firmware using a RS232 to RS485 converter and the popular Windows™ program
HyperTermina™. Th user can aso change the instrument’ s process function by
loading different versions of the firmware.

Prepar e of the download

Make sure you have recorded all the operational parameters of the instrument before
you change the firmware. These parameters will include the thermocouple type,
alarm functions, and probe care settings. For the controller version of the Versapro
thiswill aso include control and PID settings as well. Note the instrument
calibration settings for the two anal og output channels by going into the SETUP
mode, selecting CAL OUT — Y es and recording the offset and span values shown for
each channel. Advance to the each parameter by pressing the <Enter> key. Press
<Setup> to return to the process mode.

The instrument to be programmed should be taken off-line since it has to go through
areset to accept the new program.

How to Connect

The Versapro has a R$485 half-duplex port located on terminals TB-B 13 and 14,
where 13 is the +R$485 connection and 14 is the -RS485 connection.

Insure your converter is plugged into the serial port of your computer. Insure that
your converter is configured as a half-duplex (two wire) output and not as afull-
duplex (four wire) output.

Apply power to the instrument and observe that it is operating in normal process
mode where the process name is displayed in the center LCD display.

NOTE
Y our version of HyperTermina may be different then the steps outlined in this
procedure. The basic information provide here will apply to any configuration.
Accept the setup defaults if you are not sure about a specific feature that is not
addressed here.

When HyperTerminal starts up it asks for a name of a new connection. Enter a name
that you can associate with the Versapro setup.

The ‘Connect To’ window will then appear.
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Make the following selections in the Connect To window;

Connect using: (select the comm port the RS485 is connected to)
Pressthe ‘OK’ button.
In the * Port Settings’ window that appears next, make the following selections,

Bits per second: 19200
Data bits. 7

Parity: EVEN

Stop bits: 1

Flow control: Hardware

Select the File \ Properties\ Settings tabs and make the following selections,

Select the * Terminal Keys' button
Select the * Ctrl+H’ button

Set ‘Emulation’ to ANSI

Set ‘Telnet termina ID’ to ANSI
Set ‘Backscroll buffer lines' to 500

Click onthe ASCII Setup... button;

Select the * Echo typed characterslocally’ option
Set ‘Linedelay’ to 25 msec
Set ‘ Character delay’ to 0 msec

Click onthe ‘OK’ button to escape the Connections window.

HyperTerminal will now be connected to the comms port waiting for serial data from
the Versapro.
Start the download

At the Versapro press and hold the <REM> and <Enter> keys. Hold these keys until
the center display changesto "MONITOR MODE”, (about 5 seconds). The
instrument will send a prompt to the HyperTerminal screen that should look like
figure5.
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Figure5 Initial Prompt Screen

At the *>" prompt type the character ‘P and press the Enter key.
The instrument will return the response;

FLASH Erased
Send New S19 File
>

Select the Transfer tab on the HyperTerminal task bar and then select * Send Text
File...” from the drop down list. Use the browser to select the Versapro program file
with the .txt file extension. Click the *Open’ button.

The screen should show aline of changing numbers or asingle line for streaming
characters. This process will continue for afew minutes. Do not interrupt this
process or switch to another application that may interfere with the data
transmission.

At the end of the data transmission the instrument will send the prompt;

FLASH Programmed
>

as shown if figure 6.
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Figure 6 Flash Progar mmed Prompt

At the > prompt, typein the character ‘L’ and press the Enter key. This command
will tell the instrument to load the RAM from the FLASH memory that has just been
programmed.

A series of character lineswill print down the screen followed by another prompt.
At the prompt, type in the character ‘K’ and press Enter. This command will tell the
instrument to load the EPROM from the RAM image that has just been programmed.

The screen will advance one line and display the prompt. At the prompt, typein the
character ‘X’ and press Enter. The ‘X’ command causes the instrument to exit
monitor mode, reset, and return to operation mode. This sequenceis shown in figure
7.
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Figure 7 Exit Command

Check the instrument parameter settings and verify the input and output calibration
Settings.

What if an error occurs

The instrument has a series of testsit does whileit is receiving the program data,
when it loads the RAM, and when it loads the EPROM. If you see a check sum error
or reset prompts following the ‘P command download, check the connections
between the instrument to the converter, and the converter to the computer. Also
check the settingsin HyperTerminal. Most of these types of problems are the result
of slow transmission speeds in the comm port or a faulty converter. Downloading
from another computer may also resolve this problem.

If you receive check sum errors following the ‘L’ or ‘K’ commands, retry these
commands.

Problems |oading the instrument memory usualy result if HyperTermina has locked
up, the serial port buffer on the computer has been overrun, or the program file has
been sent to the instrument before the 'P' command was typed in. If the instrument is
turned off and on again quickly following this fault it will appear to be locked up.
Power to the instrument should be turned off for at least one minute to allow the
flash to recover. Shut down HyperTerminal and then restart it. Turn on the
instrument. It can come up in one of two modes depending on where the transfer
fault occurred. If it comes up in the process mode, press and hold the REM and
Enter keys until the Marathon prompt appears on the HyperTerminal screen. You
can test the communications link by typing a'S' or a'D' and then pressing the Enter
key on the computer keyboard. The instrument will respond with status information
or amemory block dump. Proceed with the program download as described in the
previous procedure.
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If the LCD screen is blank but you get the Marathon prompt on HyperTerminal then
proceed by typing 'P' then pressing the Enter key on the computer keyboard. The
‘Send file’ prompt should then be written to the HyperTerminal screen. Proceed
with the remaining part of the procedure as described in the above procedure.

If this does not resolve errors during the RAM or EPROM procedures then the

instrument memory maybe damaged. The instrument should be returned to
Marathon Sensors, Inc. for testing and possible repair.
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Technical Specification

Environmental ratings

Panel sealing: Instruments are intended to be panel mounted. The rating of
panel sealing is IP64.

Operating temperature: 0to 55°C. Ensure the enclosure provides adequate

ventilation.

Relative humidity: 5 to 95%, non-condensing.

Atmosphere: The instrument is not suitable for use above 2000 meters or in

explosive or corrosive atmospheres.
Equipment ratings

Supply voltage: 100 to 240V ac -15%, +10%, or optionally:
Supply frequency: 48 to 62Hz.

Power consumption: 15 Watts maximum.

BO/Verify Relay : Maximum: 264V ac, 1A resistive load. Minimum:

12Vdc, 100mA.

Control Triacs (isolatedO: Maximum: 280V ac, 1A resistive load.
Maximum on state voltage drop: 2.5V
Maximum |leakage: 10uA
Isolation: 3750 VRMS

Alarm Triacs (isolated): Maximum: 280V ac, 1A resistive load.
Maximum on state voltage drop: 2.5V
Maximum |leakage: 10uA
Isolation: 3750 VRMS

Over current protection: External over current protection devices are required
that match the wiring of the installation. A minimum
of 0.5mm? or 16awg wire is recommended. A Suitable
fuse for the instrument circuit would be FNQ-R Class
CC time-lag type fuses. The instrument power supply
is protected by an internal 3.15A time lag fuse. Each
alarm/control circuit is protected by an interna 1.0A
time lag fuse.

Low level 1/0O: All input and output connections and probe relays are intended
for low level signalslessthan 5VDC.

DC output (Isolated): 0to 20mA (650Q max), 0 to 10V (using a 500Q dropping
resistor).

Fixed digital inputs: Contact closure. (Non isolated.)

DC or PV input: As maininput plus 0-1.6Vdc, Impedance, >100M Q.

(Isolated.)
Digital Comms: EIA-232, 2-wire EIA-485 or 4-wire EIA-485 (All isolated).
General
Thermocoupleinput Type B, K, R, and S accuracy after linearization +/- 1 deg F
Millivolt input 0 to 2000 millivolts +/- 0.1 millivolt
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Cold junction compensation 0to 60°C +/- 1 deg F

Cdlibration accuracy: The greater of +0.2% of reading, +1 LSD or +1°C.

Isolation 1000V DC/AC
Power input to signal inputs
Power input to communications

Calculations Percent carbon 0 — 2.55% (no CO compensation)
Dewpoint -99 — 212 °F (no hydrogen compensation)
Percent oxygen. 0—25.0%
(Small oxygen concentrations can be measured by changing
the exponent setting.)

Accuracy +/- 1% of LSD of process value.
Probe Care Probe verification and impedance for oxygen probes.

Communications port RS-485 Half Duplex Only

Protocol 10Pro, MM block transfer, or Modbus RTU
Baud rates 1200, 2400, 4800, 9600, 19.2K, or 38.4K
Parity Even or None

Alarm Type (both Alarm 1 and 2)
High Limit Temp
Low Limit Temp
Input Fault (mV or Thermocouple)
Impedance or Verification fault

Electrical safety (approval pending)

Standards: EN 61010, Installation category 11, pollution degree 2.
Installation category I1: Voltage transients on any mains power connected to the
instrument must not exceed 2.0 kV.

Pollution degree 2:  Conductive pollution must be excluded from the cabinet in
which the instrument is mounted.

Environmental Conditions

Operating Temperature -20°Cto65°C (-4t0 176 F)
Storage Temperature -40°Cto85°C(-40t0 185 F)
Operating and Storage Humidity

85% max relative humidity, noncondensing,
from —20 to 65°C
Electromagnetic Compatibility

Immunity
Electrostatic discharge EN 61000-4-2 Level 2: £8 kV air
Level 2: +4 kV contact
Electromagnetic RF fields  EN 61000-4-3 Level 3: 10 V/m

42



M arathon Sensors|nc.

Fast Transients EN 61000-4-4
RF conducted interference  EN 61000-4-6

Power Freqg Magnetic Fields EN 61000-4-8

Surge EN 61000-4-5

Voltage Variations EN 61000-4-11
Emissions

RF Emissions CSIPR Class B

Conducted Emissions CISPR Class B

Harmonic Current Emissions EN 61000-3-2

Voltage Fluctuation EN 61000-3-3

Note: Specifications may change without notification.
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80 MHz — 1000 MHz
Level 3: 1 kV I/O

Level 3: £2 kV power
Level 3: 10 V/rms

150 KHz — 80 MHz

30 A/m, x y z planes
+1kV L-L, £2kV L-PE
5/ min at 0°, 90°, 270°
70% of operating voltage
0.5 cycles/10ms
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Oxygen Chart

DegC 1125 1150 1175 1200 1225 1250 1275 1300
Deg F 2057 2102 2147 2192 2237 2282 2327 2372
MV

0 20.95% 20.95% 20.95% 20.95% 20.95% 20.95% 20.95% 20.95%
5 17.74% 17.79% 17.84% 17.89% 17.94% 17.98% 18.03% 18.07%
10 15.02% 15.11% 15.19% 15.28% 15.36% 15.44% 15.51% 15.59%
15 12.72% 12.83% 12.94% 13.05% 13.15% 13.25% 13.35% 13.45%
20 10.77% 10.90% 11.02% 11.14% 11.26% 11.37% 11.49% 11.60%
25 9.12% 9.25% 9.39% 9.51% 9.64% 9.76% 9.89% 10.00%
30 7.72% 7.86% 7.99% 8.13% 8.25% 8.38% 8.51% 8.63%
35 6.54% 6.67% 6.81% 6.94% 7.07% 7.19% 7.32% 7.44%
40 5.54% 5.67% 5.80% 5.93% 6.05% 6.18% 6.30% 6.42%
45 4.69% 4.81% 4.94% 5.06% 5.18% 5.30% 5.42% 5.54%
50 3.97% 4.09% 4.20% 4.32% 4.44% 4.55% 4.66% 4.78%
55 3.36% 3.47% 3.58% 3.69% 3.80% 3.91% 4.01% 4.12%
60 2.85% 2.95% 3.05% 3.15% 3.25% 3.35% 3.45% 3.55%
65 2.41% 2.50% 2.60% 2.69% 2.78% 2.88% 2.97% 3.07%
70 2.04% 2.13% 2.21% 2.30% 2.38% 2.47% 2.56% 2.64%
75 1.73% 1.81% 1.88% 1.96% 2.04% 2.12% 2.20% 2.28%
80 1.46% 1.53% 1.60% 1.68% 1.75% 1.82% 1.89% 1.97%
85 1.24% 1.30% 1.37% 1.43% 1.50% 1.56% 1.63% 1.70%
90 1.05% 1.11% 1.16% 1.22% 1.28% 1.34% 1.40% 1.46%
95 0.89% 0.94% 0.99% 1.04% 1.10% 1.15% 1.21% 1.26%
100 0.75% 0.80% 0.84% 0.89% 0.94% 0.99% 1.04% 1.09%
105 0.64% 0.68% 0.72% 0.76% 0.80% 0.85% 0.89% 0.94%
110 0.54% 0.58% 0.61% 0.65% 0.69% 0.73% 0.77% 0.81%
115 0.46% 0.49% 0.52% 0.56% 0.59% 0.63% 0.66% 0.70%
120 0.39% 0.41% 0.44% 0.47% 0.50% 0.54% 0.57% 0.60%
125 0.33% 0.35% 0.38% 0.40% 0.43% 0.46% 0.49% 0.52%
130 0.28% 0.30% 0.32% 0.35% 0.37% 0.40% 0.42% 0.45%
135 0.23% 0.25% 0.27% 0.30% 0.32% 0.34% 0.36% 0.39%
140 0.20% 0.22% 0.23% 0.25% 0.27% 0.29% 0.31% 0.33%
145 0.17% 0.18% 0.20% 0.22% 0.23% 0.25% 0.27% 0.29%
150 0.14% 0.16% 0.17% 0.18% 0.20% 0.21% 0.23% 0.25%
155 0.12% 0.13% 0.14% 0.16% 0.17% 0.18% 0.20% 0.21%
160 0.10% 0.11% 0.12% 0.13% 0.15% 0.16% 0.17% 0.18%
165 0.09% 0.10% 0.10% 0.11% 0.12% 0.14% 0.15% 0.16%
170 0.07% 0.08% 0.09% 0.10% 0.11% 0.12% 0.13% 0.14%
175 0.06% 0.07% 0.08% 0.08% 0.09% 0.10% 0.11% 0.12%
180 0.05% 0.06% 0.06% 0.07% 0.08% 0.09% 0.09% 0.10%
185 0.04% 0.05% 0.06% 0.06% 0.07% 0.07% 0.08% 0.09%
190 0.04% 0.04% 0.05% 0.05% 0.06% 0.06% 0.07% 0.08%
195 0.03% 0.04% 0.04% 0.04% 0.05% 0.05% 0.06% 0.07%
200 0.03% 0.03% 0.03% 0.04% 0.04% 0.05% 0.05% 0.06%
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DegC 1125 1150 1175 1200 1225 1250 1275 1300
Deg F 2057 2102 2147 2192 2237 2282 2327 2372
MV

205 2.29E-04 258E-04 290E-04 3.24E-04 3.61E-04 4.00E-04 4.43E-04 4.89E-04
210 194E-04 2.19E-04 247E-04 276E-04 3.09E-04 3.44E-04 3.81E-04 4.21E-04
215 164E-04 1.86E-04 210E-04 2.36E-04 264E-04 295E-04 3.28E-04 3.64E-04
220 1.39E-04 158E-04 1.79E-04 2.02E-04 226E-04 253E-04 2.82E-04 3.14E-04
225 1.18E-04 1.34E-04 152E-04 1.72E-04 194E-04 217E-04 243E-04 2.70E-04
230 9.96E-05 1.14E-04 1.30E-04 147E-04 166E-04 187E-04 209E-04 2.33E-04
235 8.43E-05 9.68E-05 1.10E-04 1.26E-04 1.42E-04 160E-04 1.80E-04 2.01E-04
240 7.14E-05 8.22E-05 941E-05 1.07E-04 1.22E-04 138E-04 155E-04 1.74E-04
245 6.05E-05 6.98E-05 8.01E-05 9.16E-05 1.04E-04 1.18E-04 1.33E-04 1.50E-04
250 512E-05 593E-05 6.82E-05 7.82E-05 8.92E-05 1.01E-04 1.15E-04 1.29E-04
255 4.34E-05 503E-05 581E-05 6.68E-05 7.64E-05 8.70E-05 9.86E-05 1.11E-04
260 3.67E-05 4.27E-05 4.95E-05 5.70E-05 6.54E-05 7.47E-05 849E-05 9.61E-05
265 3.11E-05 3.63E-05 4.21E-05 487E-05 5.60E-05 641E-05 7.30E-05 8.29E-05
270 2.63E-05 3.08E-05 3.59E-05 4.16E-05 4.79E-05 5.50E-05 6.29E-05 7.15E-05
275 2.23E-05 2.62E-05 3.06E-05 3.55E-05 4.11E-05 4.72E-05 541E-05 6.17E-05
280 1.89E-05 2.22E-05 2.60E-05 3.03E-05 3.51E-05 4.05E-05 4.65E-05 5.32E-05
285 160E-05 1.89E-05 2.22E-05 259E-05 3.01E-05 3.48E-05 4.00E-05 4.59E-05
290 135E-05 1.60E-05 1.89E-05 2.21E-05 258E-05 299E-05 3.45E-05 3.96E-05
295 1.15E-05 1.36E-05 1.61E-05 1.89E-05 221E-05 256E-05 2.97E-05 3.41E-05
300 9.70E-06 1.16E-05 1.37E-05 161E-05 1.89E-05 220E-05 255E-05 2.95E-05
305 8.22E-06 9.82E-06 1.17E-05 1.38E-05 1.62E-05 1.89E-05 220E-05 2.54E-05
310 6.96E-06 8.34E-06 9.93E-06 1.18E-05 1.38E-05 1.62E-05 1.89E-05 2.19E-05
315 5.89E-06 7.08E-06 8.46E-06 100E-05 1.19E-05 1.39E-05 1.63E-05 1.89E-05
320 499E-06 6.01E-06 7.20E-06 8.58E-06 1.02E-05 1.20E-05 1.40E-05 1.63E-05
325 4.22E-06 511E-06 6.14E-06 7.32E-06 8.69E-06 1.03E-05 1.20E-05 1.41E-05
330 3.58E-06 4.34E-06 5.23E-06 6.26E-06 7.44E-06 8.81E-06 1.04E-05 1.21E-05
335 3.03E-06 3.68E-06 4.45E-06 5.34E-06 6.37E-06 7.56E-06 8.92E-06 1.05E-05
340 2.56E-06 3.13E-06 3.79E-06 4.56E-06 5.46E-06 6.49E-06 7.67E-06 9.03E-06
345 2.17E-06 2.66E-06 3.23E-06 3.90E-06 4.67E-06 5.57E-06 6.60E-06 7.79E-06
350 184E-06 2.26E-06 275E-06 3.33E-06 4.00E-06 4.78E-06 5.68E-06 6.72E-06
355 156E-06 1.92E-06 2.34E-06 2.84E-06 3.43E-06 4.10E-06 4.89E-06 5.79E-06
360 132E-06 1.63E-06 1.99E-06 243E-06 293E-06 3.52E-06 4.21E-06 5.00E-06
365 1.12E-06 1.38E-06 1.70E-06 2.07E-06 251E-06 3.02E-06 3.62E-06 4.31E-06
370 945E-07 1.17E-06 1.45E-06 17/7/E-06 215E-06 2.60E-06 3.12E-06 3.72E-06
375 8.01E-07 9.97E-07 1.23E-06 151E-06 184E-06 223E-06 268E-06 3.21E-06
380 6.78E-07 8.46E-07 1.05E-06 1.29E-06 1.58E-06 1.91E-06 2.31E-06 2.77E-06
385 5.74E-07 7.19e-07 8.93E-07 110E-06 1.35E-06 1.64E-06 1.99E-06 2.39E-06
390 4.86E-07 6.10E-07 7.61E-07 9.41E-07 1.16E-06 1.41E-06 1.71E-06 2.06E-06
395 412E-07 5.18E-07 6.48E-07 8.03E-07 9.89E-07 1.21E-06 147E-06 1.78E-06
400 3.48E-07 4.40E-07 552E-07 6.86E-07 8.47E-07 104E-06 1.27E-06 1.53E-06
405 2.95E-07 3.74E-07 4.70E-07 5.86E-07 7.25E-07 8.92E-07 1.09E-06 1.32E-06
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M arathon Sensors|nc.

DegC 1125 1150 1175 1200 1225 1250 1275 1300
Deg F 2057 2102 2147 2192 2237 2282 2327 2372
MV

410 2.50E-07 3.18E-07 4.00E-07 5.00E-07 6.21E-07 7.65E-07 9.37E-07 1.14E-06
415 2.12E-07 270E-07 3.41E-07 4.27E-07 532E-07 6.57E-07 8.06E-07 9.83E-07
420 1.79E-07 2.29E-O7 290E-07 3.65E-07 4.55E-07 5.64E-07 6.94E-07 8.48E-07
425 152E-07 1.94E-07 247E-07 3.12E-07 3.90E-07 4.84E-07 5.97E-07 7.31E-07
430 1.28E-07 1.65E-07 2.11E-07 266E-07 3.34E-07 4.16E-07 5.14E-07 6.31E-07
435 1.09E-07 1.40E-O7 17907 227E-07 286E-07 357E-07 4.42E-07 5.44E-07
440 9.21E-08 1.19E-07 1.53E-07 1.94E-07 245E-07 3.06E-07 3.80E-07 4.69E-07
445 7.80E-08 1.01E-07 1.30E-07 1.66E-07 2.10E-07 263E-07 3.27E-07 4.05E-07
450 6.60E-08 8.59E-08 1.11E-07 1.42E-07 1.79E-07 226E-07 2.82E-07 3.49E-07
455 5.59E-08 7.30E-08 9.43E-08 121E-07 154E-07 1.94E-07 242E-07 3.01E-07
460 4.74E-08 6.20E-08 8.03E-08 1.03E-07 1.32E-07 1.66E-07 2.09E-07 2.60E-07
465 4.01E-08 5.26E-08 6.84E-08 8.81E-08 1.13E-07 1.43E-07 1.79E-07 2.24E-07
470 340E-08 4.47E-08 5.83E-08 7.53E-08 9.64E-08 1.22E-07 1.54E-07 1.93E-07
475 2.87E-08 3.79E-08 4.96E-08 6.43E-08 8.25E-08 1.05E-07 1.33E-07 1.67E-07
480 243E-08 3.22E-08 4.23E-08 5.49E-08 7.07E-08 9.03E-08 1.14E-07 1.44E-O7
485 2.06E-08 2.74E-08 3.60E-08 4.69E-08 6.05E-08 7.75E-08 9.84E-08 1.24E-07
490 1.75E-08 2.32E-08 3.06E-08 4.00E-08 ©5.18E-08 6.65E-08 8.47E-08 1.07E-07
495 148E-08 1.97E-08 261E-08 3.42E-08 4.44E-08 571E-08 7.29E-08 9.23E-08
500 1.25E-08 1.68E-08 2.22E-08 2.92E-08 3.80E-08 4.90E-08 6.27E-08 7.96E-08
505 106E-08 1.42E-08 1.89E-08 2.49E-08 3.25E-08 4.21E-08 5.40E-08 6.87E-08
510 8.97E-09 121E-08 1.61E-08 2.13E-08 2.78E-08 3.61E-08 4.64E-08 5.92E-08
515 7.60E-09 1.03E-08 1.37E-08 1.82E-08 2.38E-08 3.10E-08 4.00E-08 5.11E-08
520 6.43E-09 8.72E-09 1.17E-08 1.55E-08 2.04E-08 2.66E-08 3.44E-08 4.41E-08
525 545E-09 7.40E-09 9.96E-09 1.33E-08 1.75E-08 2.28E-08 2.96E-08 3.80E-08
530 4.61E-09 6.29E-09 848E-09 1.13E-08 1.50E-08 1.96E-08 255E-08 3.28E-08
535 3.91E-09 5.34E-09 7.22E-09 9.67E-09 1.28E-08 1.68E-08 2.19E-08 2.83E-08
540 3.31E-09 4.54E-09 6.15E-09 8.26E-09 1.10E-08 1.44E-08 1.89E-08 2.44E-08
545 2.80E-09 3.85E-09 5.24E-09 7.05E-09 9.39E-09 1.24E-08 1.62E-08 2.10E-08
550 2.37E-09 3.27E-09 4.46E-09 6.02E-09 8.04E-09 1.06E-08 1.40E-08 1.82E-08
555 2.01E-09 2.78E-09 3.80E-09 5.14E-09 6.89E-09 9.14E-09 1.20E-08 1.57E-08
560 1.70E-09 2.36E-09 3.24E-09 4.39E-09 ©5.90E-09 7.84E-09 1.03E-08 1.35E-08
565 144E-09 200E-09 276E-09 3.75E-09 505E-09 6.73E-09 8.90E-09 1.17E-08
570 122E-09 1.70E-09 2.35E-09 3.20E-09 4.32E-09 5.78E-09 7.66E-09 1.01E-08
575 103E-09 1.44E-09 200E-09 2.73E-09 3.70E-09 4.96E-09 6.59E-09 8.67E-09
580 8.74E-10 123E-09 1.70E-09 233E-09 3.17E-09 4.26E-09 b567E-09 7.48E-09
585 7.40E-10 1.04E-09 1.45E-09 1.99E-09 2.71E-09 3.66E-09 4.88E-09 6.45E-09
590 6.27E-10 8.85E-10 1.23E-09 1.70E-09 2.32E-09 3.14E-09 4.20E-09 5.56E-09
595 531E-10 7.52E-10 1.05E-09 1.45E-09 1.99E-09 269E-09 3.61E-09 4.80E-09
600 449E-10 6.38E-10 8.95E-10 1.24E-09 1.70E-09 2.31E-09 3.11E-09 4.14E-09
605 3.81E-10 542E-10 7.63E-10 1.06E-09 1.46E-09 1.99E-09 2.68E-09 3.57E-09
610 3.22E-10 4.60E-10 6.49E-10 9.06E-10 1.25E-09 1.70E-09 2.30E-09 3.08E-09
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M arathon Sensors|nc.

DegC 1125 1150 1175 1200 1225 1250 1275 1300
Deg F 2057 2102 2147 2192 2237 2282 2327 2372
MV

615 2.73E-10 3.91E-10 553E-10 7.73E-10 1.07E-09 1.46E-09 1.98E-09 2.66E-09
620 231E-10 3.32E-10 4.71E-10 6.60E-10 9.15E-10 1.26E-09 1.70E-09 2.29E-09
625 196E-10 2.82E-10 4.01E-10 5.64E-10 7.84E-10 1.08E-09 1.47E-09 1.98E-09
630 166E-10 2.39E-10 342E-10 4.82E-10 6.71E-10 9.25E-10 1.26E-09 1.71E-09
635 140E-10 2.03E-10 291E-10 4.11E-10 575E-10 7.94E-10 1.09E-09 1.47E-09
640 1.19E-10 1.73E-10 248E-10 3.51E-10 4.92E-10 6.82E-10 9.35E-10 1.27E-09
645 101E-10 147E-10 211E-10 3.00E-10 4.21E-10 5.85E-10 8.04E-10 1.09E-09
650 852E-11 1.25E-10 1.80E-10 256E-10 3.61E-10 5.02E-10 6.92E-10 9.44E-10
655 7.21E-11 1.06E-10 1.53E-10 2.19E-10 3.09E-10 4.31E-10 5.96E-10 8.14E-10
660 6.11E-11 8.98E-11 1.30E-10 1.87E-10 2.64E-10 3.70E-10 5.13E-10 7.02E-10
665 517E-11 7.63E-11 1.11E-10 159E-10 2.26E-10 3.18E-10 4.41E-10 6.06E-10
670 4.38E-11 6.48E-11 9.45E-11 1.36E-10 194E-10 2.73E-10 3.80E-10 5.23E-10
675 3.71E-11 550E-11 8.05E-11 1.16E-10 1.66E-10 2.34E-10 3.27E-10 4.51E-10
680 3.14E-11 4.67E-11 6.86E-11 9.93E-11 142E-10 201E-10 281E-10 3.89E-10
685 2.66E-11 3.97E-11 5.84E-11 848E-11 122E-10 1.73E-10 242E-10 3.35E-10
690 2.25E-11 3.37E-11 497E-11 7.24E-11 1.04E-10 148E-10 208E-10 2.89E-10
695 191E-11 286E-11 4.24E-11 6.19E-11 892E-11 1.27E-10 1.79E-10 2.50E-10
700 161E-11 243E-11 3.61E-11 528E-11 7.64E-11 1.09E-10 1.54E-10 2.15E-10
705 137E-11 206E-11 3.07E-11 451E-11 6.54E-11 937E-11 1.33E-10 1.86E-10
710 1.16E-11 1.75E-11 2.62E-11 3.85E-11 5.60E-11 8.04E-11 1.14E-10 1.60E-10
715 9.80E-12 149E-11 2.23E-11 3.29E-11 4.79E-11 6.90E-11 9.82E-11 1.38E-10
720 8.30E-12 1.26E-11 190E-11 2.81E-11 4.11E-11 592E-11 845E-11 1.19E-10
725 7.03E-12 1.07E-11 1.62E-11 240E-11 351E-11 5.09E-11 7.27E-11 1.03E-10
730 595E-12 9.12E-12 1.38E-11 205E-11 3.01E-11 437E-11 6.26E-11 8.87E-11
735 5.04E-12 7.74E-12 1.17E-11 1.75E-11 258E-11 3.75E-11 5.38E-11 7.65E-11
740 427E-12 657E-12 9.98E-12 149E-11 221E-11 3.22E-11 463E-11 6.60E-11
745 3.61E-12 558E-12 850E-12 1.28E-11 1.89E-11 2.76E-11 3.99E-11 5.69E-11
750 3.06E-12 4.74E-12 7.24E-12 109E-11 1.62E-11 237E-11 343E-11 4.91E-11
755 259E-12 4.03E-12 6.17E-12 9.30E-12 1.38E-11 203E-11 295E-11 4.23E-11
760 219E-12 3.42E-12 5.25E-12 7.95E-12 1.19E-11 1.75E-11 254E-11 3.65E-11
765 186E-12 290E-12 447E-12 6.79E-12 1.02E-11 150E-11 219E-11 3.15E-11
770 157E-12 247E-12 3.81E-12 579E-12 8.69E-12 1.29E-11 1.88E-11 2.72E-11
775 133E-12 209E-12 3.24E-12 4.95E-12 7.44E-12 1.10E-11 1.62E-11 234E-11
780 1.13E-12 1.78E-12 2.76E-12 4.23E-12 6.37E-12 9.48E-12 1.39E-11 2.02E-11
785 9.55E-13 1.51E-12 235E-12 3.61E-12 546E-12 8.14E-12 120E-11 1.74E-11
790 8.08E-13 128E-12 2.00E-12 3.08E-12 4.67E-12 6.99E-12 1.03E-11 1.50E-11
795 6.85E-13 1.09E-12 1.71E-12 2.63E-12 4.00E-12 6.00E-12 8.88E-12 1.30E-11
800 5.80E-13 9.25E-13 1.45E-12 225E-12 3.43E-12 515E-12 7.64E-12 1.12E-11
805 491E-13 7.86E-13 1.24E-12 192E-12 293E-12 4.42E-12 6.57E-12 9.65E-12
810 416E-13 6.67E-13 1.05E-12 1.64E-12 251E-12 3.79E-12 566E-12 8.33E-12
815 3.52E-13 5.67E-13 897E-13 140E-12 215E-12 3.26E-12 4.87E-12 7.18E-12
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Deg F 2057 2102 2147 2192 2237 2282 2327 2372
MV

820 2.98E-13 4.81E-13 7.64E-13 1.20E-12 1.84E-12 280E-12 4.19E-12 6.20E-12
825 2.52E-13 4.09E-13 6.51E-13 1.02E-12 158E-12 240E-12 3.60E-12 5.34E-12
830 2.14E-13 3.47E-13 554E-13 8.72E-13 1.35E-12 206E-12 3.10E-12 4.61E-12
835 1.81E-13 2.95E-13 4.72E-13 7.44E-13 1.16E-12 1.77E-12 2.67E-12 3.98E-12
840 153E-13 250E-13 4.02E-13 6.36E-13 9.89E-13 1.52E-12 2.30E-12 3.43E-12
845 130E-13 213E-13 342E-13 543E-13 847E-13 1.30E-12 198E-12 2.96E-12
850 1.10E-13 1.81E-13 2.92E-13 4.63E-13 7.25E-13 1.12E-12 1.70E-12 2.55E-12
855 9.30E-14 153E-13 248E-13 3.96E-13 6.21E-13 9.60E-13 146E-12 2.20E-12
860 7.88E-14 1.30E-13 2.12E-13 3.38E-13 532E-13 8.24E-13 1.26E-12 1.90E-12
865 6.67E-14 1.11E-13 1.80E-13 2.89E-13 4.55E-13 7.07E-13 1.08E-12 1.64E-12
870 5.65E-14 9.39E-14 1.53E-13 246E-13 3.90E-13 6.07E-13 9.33E-13 1.41E-12
875 4.78E-14 7.97E-14 131E-13 210E-13 3.34E-13 5.21E-13 8.03E-13 1.22E-12
880 4.05E-14 6.77E-14 111E-13 1.80E-13 286E-13 4.47E-13 6.91E-13 1.05E-12
885 343E-14 575E-14 948E-14 154E-13 245E-13 3.84E-13 5.94E-13 9.07E-13
890 290E-14 4.88E-14 8.07E-14 131E-13 210E-13 3.30E-13 b5.11E-13 7.82E-13
895 246E-14 4.15E-14 6.87E-14 1.12E-13 1.79E-13 2.83E-13 4.40E-13 6.75E-13
900 2.08E-14 3.52E-14 5.85E-14 9.56E-14 154E-13 243E-13 3.79E-13 5.82E-13
905 176E-14 299E-14 498E-14 8.16E-14 1.32E-13 2.09E-13 3.26E-13 5.02E-13
910 149E-14 254E-14 4.25E-14 697E-14 1.13E-13 1.79E-13 2.80E-13 4.33E-13
915 126E-14 216E-14 3.62E-14 5.95E-14 9.64E-14 154E-13 241E-13 3.74E-13
920 107E-14 1.83E-14 3.08E-14 5.08E-14 8.25E-14 1.32E-13 2.08E-13 3.22E-13
925 9.06E-15 156E-14 2.62E-14 4.34E-14 7.07E-14 1.13E-13 1.79E-13 2.78E-13
930 7.67E-15 132E-14 223E-14 3.71E-14 6.05E-14 9.72E-14 154E-13 2.40E-13
935 6.50E-15 1.12E-14 1.90E-14 3.17E-14 518E-14 8.34E-14 132E-13 2.07E-13
940 550E-15 9.53E-15 1.62E-14 270E-14 4.44E-14 7.16E-14 1.14E-13 1.78E-13
945 4.66E-15 8.09E-15 1.38E-14 231E-14 3.80E-14 6.15E-14 9.80E-14 1.54E-13
950 3.95E-15 6.87E-15 1.17E-14 197E-14 3.25E-14 528E-14 843E-14 1.33E-13
955 3.34E-15 5.84E-15 1.00E-14 1.68E-14 2.78E-14 453E-14 7.26E-14 1.14E-13
960 2.83E-15 4.96E-15 852E-15 1.44E-14 238E-14 3.89E-14 6.24E-14 9.87E-14
965 240E-15 4.21E-15 7.26E-15 1.23E-14 2.04E-14 3.34E-14 ©537E-14 8.52E-14
970 2.03E-15 3.58E-15 6.18E-15 1.05E-14 1.75E-14 287E-14 4.62E-14 7.35E-14
975 172E-15 3.04E-15 526E-15 8.95E-15 150E-14 246E-14 3.98E-14 6.34E-14
980 145E-15 258E-15 4.48E-15 7.65E-15 1.28E-14 2.11E-14 3.42E-14 547E-14
985 123E-15 219E-15 3.82E-15 6.53E-15 1.10E-14 181E-14 295E-14 4.71E-14
990 104E-15 1.86E-15 3.25E-15 558E-15 9.39E-15 1.56E-14 254E-14 4.07E-14
995 8.83E-16 1.58E-15 2.77E-15 4.76E-15 8.04E-15 1.34E-14 2.18E-14 3.51E-14
1000 7.48E-16 1.34E-15 236E-15 4.07E-15 6.89E-15 1.15E-14 1.88E-14 3.03E-14
1005 6.33E-16 1.14E-15 2.01E-15 3.47E-15 590E-15 9.84E-15 1.62E-14 2.61E-14
1010 536E-16 9.67E-16 1.71E-15 297E-15 5.05E-15 845E-15 1.39E-14 2.25E-14
1015 454E-16 8.21E-16 146E-15 253E-15 4.32E-15 7.25E-15 120E-14 1.94E-14
1020 3.84E-16 6.98E-16 1.24E-15 2.16E-15 3.70E-15 6.22E-15 1.03E-14 1.68E-14
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1025 3.25E-16 5.92E-16 106E-15 185E-15 3.17E-15 534E-15 886E-15 1.44E-14
1030 2.76E-16 5.03E-16 9.00E-16 158E-15 2.71E-15 459E-15 7.62E-15 1.25E-14
1035 2.33E-16 427E-16 7.66E-16 1.35E-15 2.32E-15 3.94E-15 6.56E-15 1.08E-14
1040 198E-16 3.63E-16 6.53E-16 1.15E-15 199E-15 3.38E-15 5.64E-15 9.27E-15
1045 167E-16 3.08E-16 5.56E-16 9.82E-16 170E-15 2.90E-15 4.86E-15 8.00E-15
1050 142E-16 2.62E-16 473E-16 8.39E-16 146E-15 249E-15 4.18E-15 6.90E-15
1055 120E-16 2.22E-16 4.03E-16 7.16E-16 125E-15 2.14E-15 3.60E-15 5.95E-15
1060 102E-16 189E-16 3.43E-16 6.12E-16 107E-15 184E-15 3.09E-15 5.13E-15
1065 8.60E-17 1.60E-16 292E-16 5.22E-16 9.15E-16 158E-15 2.66E-15 4.43E-15
1070 7.28E-17 136E-16 249E-16 4.46E-16 7.84E-16 135E-15 229E-15 3.82E-15
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