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SAFETY

Please read the instructions before
operating the instrument.

Thisinstrument compli es with
acceted industrial safety
standards.Do NOT operate this
instrument with the internal top
cover removed.

«furnace




Operating
Temperature

Relative
Humidity

Atmosphere
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EQUIPMENT
RATINGS.

Suppy Voltage 110-240
Vac

Supdy 50/60 Hz

Frequency

Power 3.21.8

Consumption Amps

ENVIRONMENTAL
RATINGS:

A0F - 120F
Be sure the enclosure
has adequate ventil ation.

5% to 90%, non
condensing.

The instrument is not
suitable for operations in
explosive or corrosive
atmospheres.
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Why Infrared ?

By purchasing your new FurnaceDoctor,
you have obviously made the dedsion that
your current processmeasurement methods
require some enhancement. This may be
due astomer requirements for badk-up
processverificaionto your existing oxygen
probe based system, or simply a matter of
answering the question “is that probe redly
working?’ Y ou might be looking for more
complete information d what is happening
with resped to your furnace @amosphere.

Whatever your reasons, the use of I/R
analysis, and the FurnaceDoctor will satisfy
these requirements.

Since most FurnaceDoctor owners are
either performing gas carburizing, or neutral
hardening in an endahermic amosphere,
the foll owing discussonwill help to
understand the meaning of the measured
values:

Endahermic amospheresin use for the
these goplicaions have this basic
Compasition:

CO @20% (cabonmonaxide)

H, @0% (Hydrogen)

CO, @Trace (carbon doxide)

CH, @Trace (methane, usualy from natural gas)
O,@Trace (oxygen)

H,O @Trace (water vapor)

N, .Balance  (nitrogen)
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Theseratios are typicd whether you are
producing gas by means of an endathermic
generator, or using prepared gasses such as
nitrogen and methanal. Ratios are dlightly
different if propane is used rather than
methane for the production o carier gas.

Obviously any increase in vdumein ore of
the gasses means adeaease in ore or more
of the other gasses. We often get asked the
question “Why is my generator producing
20% CO, but I only measure 17% at my
furnace?’. “It is even lower when | add
ammonial” One part of the aswer to this
questionis smple volumetric displacement .
Thereis only room in the furnacefor 100%
of the @mosphere!

How can the FurnaceDoctor help me
with my generator ?

The basic chemicd readion taking placein
an endathermic generator is as foll ows:

2CHs+ O® 2CO +4H;

lgnoring the nitrooen

Remember you are mixing gas and air
together and heding it up to producethe
above described gas compasition. The
readion takes placein two stages. First
some of the methane burns with air and
makes hea. The by-products of this
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combustion are H,O (water vapor) , and
CO.. Inthe semond stage, the remaining
methane reads with the CO,, and H,O. It
bemmes obvious that we want thisreadion
to be @& complete & possble!

Thisisreason for the nickel caayst in the
generator.

Asauming that the main air gasratio is set
somewhere between 2.7and 2.85 @rtsair to
1 part gas, there ae two considerations: 1.
The cdalyst must be dean, and freefrom
soat. If soat is present, the dficiency of the
abowve readions goes down. 2.Y ou must
have adequate temperature to keep the rate
of the readions high enough.

So how can the FurnaceDoctor help?

First by measuring the generator’ s methane
content you can determine whether or not
the caalyst is operating efficiently. .8%
CH, isabou the upper limit. Abowethis
level it is posgble that the caalyst isladen
with soat, or the cdalyst is sSmply spent.
Ancther indicaion d this condtionwould
be ahigh CO,, or dew paint. The Furnace
Doctor provides a mnvenient way to oltain
dew point, CO,CO,, and CH,,
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Chedk to seethat the basic gas composition
isas expeded. CO shoud be aound 20%.
Chedk the CH,4 level and ke surethat it is
lessthan .8%, observe the CO,, andthe dew
point readings. Note the relationship
between dew point, and CO,

Carbon Dioxide VS Dewpoint
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1.20
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0.80
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0.40
0.20
— 0.00
0 20 40 60 80 100

Dewpoint

%Carbon Dioxide

Make aljustments to either your oxygen
probe @ntrol system, or the generator
caburator to oktain the desired dew point.
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How will the FurnaceDoctor help me
with my Furnaceatmosphere?

If you are using oxygen probes the Furnace
Doctor can supfy independent, tracedle
verificaion d your probes acaracy. It will
also give you amuch more ammplete picture
of what is happening in your furnace
atmosphere.

The primary readionsinvoved in carbon
transfer are well understood as:

2CO® Cg+CO;,
H, + CO® Cg+ H,0

These readions are assumed to be dose to
equili brium. The theory behind this is that a
readion sometimes cdled the water-gas
readion, is busy keeping the H, and O; in
balance

CO+H,O« CO;.H;
The measurement of %Carbon in your

atmosphere with an oxygen probe is based
onthe ssumptionthat the doweistrue:

CO® Cg+%0,
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Notethat it is assumed that the primary
mechanism of carbontransfer is CO
dependant. What isredly happening is that
theratio of CO to CO; is much more
acarate means of determining equili brium
cabon.

One problem is that we use CH, as enriching
gas. What happens to the CH, onceit enters
the furnace? It decompases - mostly nea the
hot caalytic surfacesin your furnace

It may be replenishing depleted CO, based
on equili brium @ules? it may be making

soot crumbs on your heath, a it may be
reading diredly with the surfaceof the
material :

CH.® Cg+ 2H,

How much of the dowvereadionis
happening is dependant on hav much
methane is present in your furnace The
reacdion also happens faster at higher
temperatures, bu is gill slow compared to
the eyuili brium readions.

For example & 1600with an equili brium
cabon pdentia of .4%, and a methane
content of .5 the theoreticd carbon paentia
isadualy .44%. Inredity the dfed is
usualy abou 6/10 o what the theoreticd
cdculations deliver making the cabon
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patential closer to .426. By contrast if we
were to upthe methane content to 5%, the
adual carbon pdential might be doser to
.6%, asignificant diff erence

Whether the work redly ends up seang this
is dependant on a number of issues -
temperature — governing the rate of readion,
the surface aeaof the work and the level of
saturation at on the surface atmosphere
circulation, etc.

Using the furnaceDoctor to analyze
furnaceatmosphere.

Probe condition:

Carbonis computed using adtual gas values,
so it is more acarrate than the assumptions
made by the probe. Compare the %C
cdculated by the Furnace Doctor to %C
displayed onthe CarbonControl instrument.

Your carbon controller is st up with some
asumptions abou the content of the furnace
atmosphere. Most controllers assume aCO
to be 20% %out of the box® you may use the

Furnace Doctor to corred this stuation by
adjusting this ¥ador® to the wrred %CO.

Observe the probe milli volts as computed by
the furnace Doctor, and dsplayed by the

10
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caboncontroller. These shoud be within 1-
2 % of eahh aher. If not, and you have
entered the process temperature into the
furnacedoctor corredly, you pobably have
a problem with the probe or the @ntroller.
First ched the millivolt reading at the badk
of the probe with a meter to eliminate ayy
possble instrument problems.

Next be sure that the probe is freeof soat by
burning the probe off. If the numbers dill
do nd agree perform an impedance test on
the probe to help determine the dedrode
condtion. You will aso want to ched to
see how fast the probe rewmvers after this
test. Reovery time shoud be in secondks,
not minutes.

Finally disconred the probes reference ar
tube, and seeif the millivolt reading on the
controller changes, you have ale& in the
probe substrate.

If you change the probe, or if you are sure
that the probe is ok, ched to be sure you
are obtaining a good sample & the Furnace
Doctor. Many times sample ports are the
cause of the problem. A good nommetallic
sample probe helps lve this. One trick is
to use the probe burnoff port to oltain a
sample. This has a few problems associated
with it in furnaces running high methane
contents. The methane will cradk nea the
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aloy surface of the probe aeding a locd
readion nd representative of the overall
furnace émosphere.

Interpreting the gas value readings:

CO :

For most atmospheres in use this

number shoud be aound 1820%. If it is
lower than this observe the foll owing:

12

Chedk generator for proper operation.

If you are using nitrogen methandl,
ched the ratio of nitrogen to methand.
Also be sure that the amosphere sparger
is in good condtion. If you are using
nitrogen to #ush® the methanad into the
furnace be sure that the methand is not
getting nitrogen bubbesin it.

If you are using anmonia, the anmonia
additions will dilute the %CO in the
furnace Remember there is only room
for 100 of the gasin the furnace

Chedk for le&s. This can be @nfirmed
by ahigh CO;,

If you are aking for a high cabon
potential, high methane ntent, may
also dlute @mosphere mix.

Chedk for le&ks. Air leks typicdly
cause the @ntrol system to add more
natural gasto the furnace
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High surface aealoads will be ale to
draw more cabon ou of the amosphere.
Typicdly the methane content will go up
because of this.

CO,  This number can be aywhere
between .0%%6 to 1% it is depending on
temperature, and gas composition. It tradks
inversely to carbon pdential. At 1600F a
A4%C will be &ou .620CO, (asuming
20% CO). To adieve a.4% cabonat 1750
CO, will be aound .25

13

If the cabon pdentia is lower than
expeded the CO, should be higher than
expeded.

Chedk for air le&s.
Chedk for burner tube le&ks.
Ched for furnacefan water jacket le&ks.

Ched generator or nitrogen methanal
system.

If the probe system is in agreement with
the Furnace Doctor, be sure there is
adequate crrier gas flow, and adequate
enriching gas flow.

Is cabon controller turning on the
natural gas when it shoud?
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CH4: Most batch furnaces will operate with
a CH, content ranging from .1% to 4-5%. At
the start of the g/cle this number is higher
than when the amosphere, and the work
approach equilibrium with ead cther.
Continuouws furnaces performing carburizing
will usualy operate & higher methane
levels. In fad in some bet furnace
applicaions this is necessary for the process
to work!

High free methane content is usualy a
product of the antrol system cdling for
too much natural gas due to an air le&,
unwually high surface aein the load.

Ched for air le&s.
Ched for burner tube le&ks.

Chedk for furnacefan water jacket le&ks.
Ched generator or nitrogen methanal
system

Be sure that the probe control system is
working properly

14



Triadx Mfg.

OPERATION:

Before turning the power switch to the
on paition ensure the following:

i W o0
| g y2d

Ensure the filter shown below
onthe bottom of the caeis
clea, clean and unolstructed.

15
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Conred one end d the sample tube to
the inlet filter. Conred the other end to
the furnace sample poat. Do na use
oxygen probe burn off ports, or conred
to aport with alambs woadl, or angel hair
filter aready instaled. Be sure to

properly vent exhaust!
Conred Be sure to properly
Sample vent exhaust! CO is
Tube Here toxic!

-
- e

- o
=

Be sure that both filters are
clean, andthefilter bowls are
freefrom moisturel

Any discolorationin the
sample dement requires the
element to be replaced.
Triadx P/N trf001£rf002

16
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Plug in the unit to a 110 VAC power
outlet and turn onthe power switch.

The LCD display will ill uminate, and the
unit will begin to initialize. Adjust the
contrast knob uril the LCD display is
clealy readable.

The instrument will display the sign on
message and the pump  will start
drawing a sample. Allow adequate time
for the sanple line to puge, and the unit
to see arepresentative sample.

The instrument will take & least 30
sewnds from cold start to dsplay any
meaningful information. Ensure that
sample flow is adequate. If you are
sampling a generator with significant
pressure & the sample port, it will
produce results quicker than a furnace
operating at .25° of W.C. Look at the
flow meter onthe front of the instrument
and make sure that it indicates at least 6
CFH.
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Meaningful processvalues are displayed
on the LCD a&fter initialization, and the
unit has obtained a good sample from
the furnace

A note about sample ports:

In a large percentage heda treds we have
found that the furnace sample ports are
either plugged, o le&ing. Even if you can
look into the port, and it appeas
unolstructed, the port may lek somewhere
behind the hot faceof the refradory. This
may cause the sample to be drawn from
between the brick, and the furnaceshell, or
even ou side of the furnace If you are
getting numbers that just do nd make sense,
(I.LE. extremey low CO values) try taking a
sample from the oxygen probe burn-off port
(not the reference ar port). If the port
extends for a large distance outside of the
furnacewall, moisture can acaimulate in the
bottom of the pipe leaing to in-corred
readings.

You may aso puchase a non metalic

sample probe that will penetrate the hot zone
adequately. (Triadx P/N SPLO1).

18
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TheMenu System:

Pressng the start button from the default gas
value display will cause the main menuto be
displayed. From this menu you may enter
process temperatures for the mmputation o
cabon and dew point, cdibrate the
instrument, chocse between the exdo
generator cdculation d dew paint, and the
furnace temperature dependant cdculation.
If you have purchased the communicaions
option you may also set up communications
parameters from this menu.

Entering aprocesstemperature:

When the flashing cursor is on top o
the #° charader next to the Femp°
menu ogion [ress sart.

The aursor block will flash ontop o a
digit in the temperature number. Change
the indicaed dgit by rapidly pressng
the start button unil the desired dgit
appeas. Wait momentarily until the
cursor shifts to the next digit and repea
the processuntil the desired temperature
isdisplayed.

When the airsor is in the far right
position (flashing abowe the &©°
charader) depressthe start button. This
will cause the %C value to be cdculated.

19
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The instrument will exit the menu
system and return to the process value
display. You may observe the cdculated
%Carbonand Dew point

Seleding the Dew point Calculation
Mode:

The instrument will compute dew point
using either atemperature based cdculation,
used when measuring furnace amospheres
where you can identify the process
temperature, or a simplified table look up
method lased on CO, to be used when
measuring the dew point of endahermic
generators.

If you we the furnace céculation when
measuring your endahermic generator, and
enter a process temperature of 1900F or so,
you will get meaningless values for dew
point.

If you have the generator cdculation
seleded, it is not necessary to enter a
processtemperature.

When the flashing cursor is on top o
the #° charader next to the Dpt.
Cac.° menu ogion press sart.

The feaure ads like atogge switch. If
the furnacemode had been seleded then
the generator mode will be seleded. If

20
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the generator mode had been seleded the
furnacemode will be seleded.

The foll owing message will be displayed
briefly when the generator mode is
seleded:

The instrument will return to the process
value display and you may observe the
computed dew paint. If the generator
mode had been seleded the message G
dewp® will appea next to the dew point
value.

Calibration:

Y ou may cdibrate your unit with certified
grade span gas, and ritrogen. If you have
plant nitrogen avail able be sure to regulate it
to approximatelyl PS. Span bdtle gas
must have abattle top regulator that will be
cgoableor regulationat 1 PS. Besurethat
your gas supplier provides you with a
catified analysis of the gasin the battle!

Y ou may purchase span gas battles from
Triadx. Please mntad your locd Triadx
representative.

Values for span gas $roud be 25%CO
.8%CO,, and &6 CH,, It isrecmmended
that you seled span gas with values
approximately 20% higher than typicd
observed processvalue. Span gas values
may be higher, or lower, bu shoud na
exceel the ranges of the measuring cdl's of
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30%CO, 1%CO,, 10% or 30% CH4
depending onthe CH,4 option puchase.

Be sure to keep the second stage regul ator
presaure aound ¥2PS. Your Furnace
Doctor is equipped with goodinternal
presaure regulation, bu too much presaure
may override the regulator’s ability to
control the presaurein the cdls.

It isimportant to uncerstand the I/R cdls are
very presaure sensitive by nature. Redize
that for agiven spedes of gas there ae more
moleaules of that gas present ina cdl witha
presaure of 1.5PS., thanina cdl witha cdl
presaure of .5PS. thiswill lead to
measurement error if the unit is cdibrated at
ahigh presaure, and then applied to low
presaure measurements.

Y ou may observe this phenomena by closing
of the exhaust of the instrument while
measuring afurnace Notethe quick risein
the CO value.

Calibration Frequency:
Triadx recommends the foll owing
prcealure:

Conred the span bdtle to the instrument
and measure it onaweekly basis. If the
instrument measures the span bdtle
within 2% of the analyzed values onthe

22
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battleit is not necessary to cdibrate the
instrument.

If cdibrationisrequired doit in the
environment that the instrument will be
used in. If you cdibrate the instrument
inan doficethat is 70 degrees, and then
go wsetheinstrument ina 110 cegree
hed tred, youwill probably experience
some eror in measurement.

To begin calibration:

Pressthe start button from the process
value display.

Seled aCal.° from the main menu by
depressng the start button whil e the
flashing cursor isontop d the °
charader just to the left of the menu
option.

The &ove menuwill be displayed. If
you are using a new span bdtle for the
first time, your must enter the analysis of
the gasinto the instrument. This need
only be dore when anew span bdtleis
used for the first time.

Seled the gas @Gas Values: option from
the cdibration menu

Youwill be prompted to enter the values
for eath of the gass.

Note that dedmal values are entered as
whole numbers asiill ustrated abowe. If

23
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you have aCO value of 30.4% you will
enter this number as 304.

When finished with a gas all ow the
cursor to flash ower the #° charader and
press sart. Youwill then be prompted
for the next gas value.

When all gas values have been entered
the instrument will return to the process
value display.

To proceal with the cdibration, pess
the start button and seled the €al.°
option from the main menu.

Seled the Cal option from the
cdibration menu, and you will be
prompted to conred the zero gas
(nitrogren) and press sart. If you have
the %0xygen option you must cdibrate
this cdl separately by seleding the €d
02 option.

The unit will count down through 99
steps. Be sure that the gasis conreded
andflowing. Make sure that you the
flow meter isregistering at least 6¢fh.
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When the unit is zeroed the following
message will be displayed:

Connred and turn onthe span gas be sure
that you have alequate flow, and press
the start button.

The instrument will court down through
99 steps, and when finished will return
to the processvalue display

Y ou may observe the measured span
baottle values at thistime. The
instrument shoud read the valuesin the
battle within 2% of the cdl range. (i.e.
30% CO shoud be #- .6% CO.)

Comms:

If you have purchased the ommunicaion
option you can set up the ommunicaions
parameters from this menu. Consult the
communicaions manual supdied with the
communicaions option puchased.

Baud Rate:

25

To seled instrument baud rate, enter the
appropriate number associated with the
desired baud rate. 0=no
communicaions. 1= 1200, 2= 4800,
8=9600, 16= 19,200 laud.

If you are nat using communicaions, be
sure to set this number to Oto prevent
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the instrument procesor from bogging
down processng communication errors.

Mode:

Seled the ammmunications mode
from this menu. Consult the
communicaions manual supdied
with the ommunicaions option
purchased.

Corr .Fact:

This allows you to adjust the
computed carbonto match shim
stock analysis, or adual carbon
results obtained from analysis of the
work. The number has arange of 0 —
255. An entry of O dsablesthe
cdculation. The cdculated cabonis
affeded asfoll ows:

% C= (Corr .fact/100) x Computed % C

Meth. F:

26

For exampleif the computed carbon
from the gas analysis and
temperatureis= 1.00%C and the
Corr.Fad = 90 then the displayed
%C =.90

The furnaceDoctor uses methanein
the cdculation d %cabon. The
effed that methane has onthe
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cdculation d cabonmay be
adjusted by setting the Methane
fador. Anentry of Owill dis-able
the threegas cdculation o carbon
carbonwill be oomputed using the
traditional formulas based on
CO/CO, ratio and temperature. A
nonzero entry will biasthe cabon
cdculation as foll ows

% C=Equili brium % C +(( Non-Equili brium %C based on
%CH,) X (Meth.F/100))

Battery Cart Option:

If you have deded to puchase the
optional battery cart please read the
following sedion:

27
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Assemble the basic cat in acordance
with the enclosed manufadurers
instructions.

Locate battery box strap brackets and
insert battery box strap as sown.
Mourt cord red bradket using two %
balts, flat washers, lock washers, and
nuts as own.

Locae battery box ontop o strap and
insert battery as shown.

Locae battery charger, and inverter unit
oncat as shown.

Remove wing nuts and conred cébles
from the inverter, and the charger to
posts as shown. Caution: Be sure to
observe pdarity. The positive leads may
be identified by the red marking at the
end d thewires.

Place over on bettery box and strap in
place & sown.

Hang cord red by inserting the pin
through cord red bradket and the g/e 0
the cord red.
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Conred the dharger power cord to the
female end d the cord red. Conred the
DPT-1000 paver cord to theinverter. A
hae has been provided onthe top shelf
of the cat to feed the power cord
through to the inverter.

The completed cart shoud look like
this:

Charging

Unit will operate mntinuowly for
approximately 14 hous with ou
recharging. A full charge will take
approximately six hours to complete. It
isnot necessary to completely discharge
the battery before dharging.

It isrecommended that the the cat be
plugged in and left on charge when the
instrument is not in use.

To charge the unit turn the instrument
power switch to the off position.

Turn the inverter power switch to the off
pasition.

Conred theretradable cord to a110v
AC source
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Switch the charger power switch to the
charge position.

Be sure the anp seledor switch onthe
charger is st to the 10 amp pasition.
The anp meter onthe darger will
remain in the left most position when the
battery is fully charged. For more

detall sonthe operation d the dharge
consult the manufadures manual .

Operating the Furnace Doctor with the

30

battery

Disconred the retradable cord from the
AC power source
Switch the inverter to the on pasition.

Switch the FurnaceDoctor’ s power
switch to the on pasition.

Consult the manufadurer’s
documentation for further information
about the inverter.
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- |
Cadlibration Cart Instructions

Attach regulators to the top d the
tanks and paition onthe art as
shown

Please attach hande as siown using
Ya2screws and nus

Attach tubes to tank top
regulators using
compresgon fittinas.

31
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Conrea suppy tube to hcse barb.
Conrea the other end to Furnace
Doctor inlet.

Your cat may not
include this gauge

32
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Open the @propriate tank top
vave. If your are performing a
cdibration, open the nitrogen tank

Turn onthe FurnaceDoctor
Adjust the tank top regulator to 10
pSi.

Turn on the Furnace Doctor with
no conredion at the inlet and
observe the flow onthe front of the
instrument

Turn of the Furnace Doctor and
conred the suppy tube hase to the
inlet.

Open the ball valve, and adjust the
low presaure regulator until the
reading on the Furnace Docto
flow meter

reads the same

as it does with

no conredion
at theinlet. \

Y oumay nat havet
onyour cdibration
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Be sure to have only one tank top
valve open at atime.

Be sure to close tank top valves
completely when finished.



