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PRINCIPLES OF OPERATION

The T204 Nitrogen Oxides + Ozone Analyzer is a microprocessor-controlled instrument that
determines both the concentration of ozone (Os), and the concentrations of nitric oxide (NO),
nitrogen dioxide (NO,), and total nitrogen oxides (NOx) This section discusses the principles of
operation of each sensor: nitrogen oxides in Section 0, and ozone in Section 0.

It requires that sample and calibration gases be supplied at ambient atmospheric pressure in
order to establish a constant gas flow through the reaction cell where the sample gas is exposed
to ozone (Oy), initiating a chemical reaction that gives off light (hv).

The instrument measures the amount of chemiluminescence to determine the amount of NO in
the sample gas.

A catalytic-reactive converter converts NO, in the sample gas to NO which, along with the NO
present in the sample is reported as NOx. NO; is calculated as the difference between NOx and
NO.

Calibration of the instrument is performed in software and usually does not require physical
adjustments to the instrument. During calibration, the microprocessor measures the sensor output
signal when gases with known amounts of NO or NO, are supplied and stores these results in
memory. The microprocessor uses these calibration values along with the signal from the sample
gas and data of the current temperature and pressure of the gas to calculate a final NOx
concentration.

The concentration values and the original information from which it was calculated are stored in
the unit’s internal data acquisition system and are reported to the user through the front panel
display or several output ports.

NITROGEN OXIDES MEASUREMENT PRINCIPLE

CHEMILUMINESCENCE CREATION IN THE T204 REACTION CELL

The T204’s measures the amount of NO present in a gas by detecting the chemiluminescence that
occurs when nitrogen oxide (NO) is exposed to ozone (Os). This reaction is a two-step process:

In the first step, one molecule of NO and one molecule of O; collide and chemically react to
produce one molecule of oxygen (O,) and one molecule of nitrogen dioxide (NO,). Some of the
NO, molecules created by this reaction retain excess energy from the collision and exist in an
excited state, where one of the electrons of the NO, molecule resides in a higher energy state
than normal (denoted by an asterisk in the following equation).
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Equation Error! No text of specified style in
document.-1

NO +0O, -»NO, +0,

The second step occurs because the laws of thermodynamics require that systems seek the
lowest stable energy state available, therefore the excited NO, molecule

quickly returns to its ground state, releasing the excess energy. This release takes the form of a
guantum of light (hv). The distribution of wavelengths for these quanta range between 600 and
3000 nm, with a peak at about 1200 nm.

Equation 1-2

NO, ->NO, +hv,_ .

All things being constant (temperature, pressure, amount of ozone present, etc.), the relationship
between the amount of NO present in the reaction cell and the amount of light emitted from the
reaction is very linear. If more NO is present, more IR light is produced. By measuring the
amount of IR light produced with a sensor sensitive in the near-infrared spectrum the amount of
NO present can be determined.

In addition, sometimes the excited NO, collides with other gaseous molecules in the reaction cell
chamber or even the molecules of the reaction cell walls and transfers its excess energy to this
collision partner (represented by M in the equation1-3) without emitting any light at all. In fact,
by far the largest portion of the excited NO, returns to the ground state this way, leaving only a
few percent yield of usable chemiluminescence.

Equation 1-3

NO, +M—>NO, +M

The probability of a collision between the NO,* molecule and a collision partner M increases
proportionally with the reaction cell pressure. This non-radiating collision with the NO,*
molecules is usually referred to as third body quenching.

Even under the best conditions only about 20% of the NO, that is formed by the reaction in the
excited state. In order to maximize chemiluminescence, the reaction cell is maintained at reduced
pressure (thereby reducing the amount of available collision partners) and is supplied with a large,
constant excess of ozone (about 3000-5000 ppm) from the internal ozone generator.
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CHEMILUMINESCENCE DETECTION IN THE T204 REACTION CELL

THE PHOTO MULTIPLIER TUBE (PMT)

The T204 uses a special kind of vacuum tube, called a photo-multiplier tube (PMT), to detect the
amount of light created by the NO and Os reaction in the reaction cell.

Photons enter the PMT and strike a negatively charged photo cathode causing it to emit
electrons. These electrons are accelerated by an applied high voltage and multiplied through a
sequence of similar acceleration steps (dynodes) until a useable current signal is generated. The
more light present (in this case photons given off by the chemiluminescent reaction described
above), the more current is produced. Therefore the more NO present in the reaction cell the

more current is produced by the PMT.

The current produced by the PMT is converted to a voltage and amplified by the preamplifier
board and then communicated to the T204’s CPU via the A= D converter circuitry on the
analyzer.

OPTICAL FILTER

A high pass optical filter, only transparent to wavelengths of light above 645nm, placed between
the reaction cell and the in conjunction with the response characteristics of the PMT creates a very
narrow window of wavelengths of light to which the T204 will respond.

Reaction
Cell

IR
A

PMT HOUSING

Optical
Filter

Reaction Cell with PMT Tube and Optical Filter

The narrowness of this band of sensitivity allows the T204 to ignore extraneous light and
radiation that might interfere with the T204’s measurement. For instance, some oxides of sulfur
can also be chemiluminescent emitters when in contact with O3 but give off light at much shorter
wavelengths (usually around 260nm to 480nm).
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NOX AND NO, DETERMINATION

The only gas that is actually measured by the T204 is NO. NO,, and therefore NO, (which is
defined here as the sum of NO and NO, in the sample gas), contained in the gas is not detected
because NO, does not react with O3 to create chemiluminescence.

In order to measure the concentration of NO,, and therefore the concentration of NOy, the T204
periodically switches the sample gas stream so that the pump pulls it through a special converter
cartridge filled with molybdenum (Mo, “moly”) chips that are heated to a temperature of 315°C.
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The heated molybdenum reacts with NO, in the sample gas and produces a NO gas and a variety
of molybdenum.

xNO, +yMo—>xNO +M, O, (at 315°C)

Once the NO, in the sample gas has been converted to NO, it is routed to the reaction cell where it
undergoes the chemiluminescence reaction described in Equation.

By converting the NO, in the sample gas into NO, the analyzer can measure the total NOX)
content of the sample gas (i.e. the NO present + the converted NO, present). By switching the
sample gas stream in and out of the “moly” converter every 6 - 10 seconds, the T204 analyzer is
able to quasi-continuously measure both the NO and the total NOx content.

Finally, the NO, concentration is not directly measured but calculated by subtracting the known
NO content of the sample gas from the known NOx content.

AUTO ZERO

Inherent in the operation of any PMT is a certain amount of noise. This is due to a variety of
factors such as black body infrared radiation given off by the metal components of the reaction
cell, unit to unit variations in the PMT units and even the constant universal background radiation
that surrounds us at all times. In order to reduce this amount of noise and offset, the PMT is kept
at a constant 7° C (45° F) by a Thermo-Electric Cooler (TEC).

While this intrinsic noise and offset is significantly reduced by cooling the PMT, it is not
eradicated. To determine how much noise remains, once every minute for about 8 seconds the
T204 diverts the sample gas flow directly to the vacuum manifold without passing the reaction
cell.
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During this time, only Oz is present in the reaction cell, effectively turning off the
chemiluminescence reaction. Once the chamber is completely dark, the T204 records the output
of the PMT and keeps a running average of these AZERO values. This average offset value is
subtracted from the raw PMT readings while the instrument is measuring NO and NOx to arrive at
an Auto Zero corrected reading.

OZONE MEASUREMENT PRINCIPLE

The detection of ozone molecules is based on absorption of 254 nm UV light due to an internal
electronic resonance of the O3 molecule. The Model 465L uses a mercury lamp constructed so
that a large majority of the light emitted is at the 254nm wavelength. Light from the lamp shines
down a hollow quartz tube that is alternately filled with sample gas, then filled with gas scrubbed
to remove ozone. The ratio of the intensity of light passing through the scrubbed gas to that of the
sample forms a ratio I/l. This ratio forms the basis for the calculation of the ozone
concentration.

The Beer-Lambert equation, shown below, calculates the concentration of ozone from the ratio of
light intensities.

10° T  29.92inHg
Co. =- X — X X
: axt 2713°K P

I
In—
IO
Where:
I = Intensity of light passed through the sample

I, = Intensity of light through sample free of ozone

= absorption coefficient
= path length

= concentration of ozone in ppb

3
= sample temperature in degrees Kelvin

= pressure in inches of mercury

As can be seen the concentration of ozone depends on more than the intensity ratio. Temperature
and pressure influence the density of the sample. The density changes the number of ozone
molecules in the absorption tube which impacts the amount of light removed from the light beam.
These effects are addressed by directly measuring temperature and pressure and including their
actual values in the calculation. The absorption coefficient is a number that reflects the inherent
ability of ozone to absorb 254 nm light. Most current measurements place this value at 308 cm-1
atm™t at STP. The value of this number reflects the fact that ozone is a very efficient absorber of
UV radiation which is why stratospheric ozone protects the life forms lower in the atmosphere
from the harmful effects from solar UV radiation. Lastly, the absorption path length determines
how many molecules are present in the column of gas in the absorption tube.

The intensity of light is converted into a voltage by a high resolution A/D (analog-to-digital)
converter. The digitized signal and other variables are used by the CPU to compute the
concentration using the above formula.
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About every 2.5 seconds the 465L completes a measurement cycle consisting of a 1 second wait
period for the sample tube to flush, followed by a 150 ms measurement of the UV light intensity
to obtain I. The sample valve is switched to admit scrubbed sample gas for 1 second, followed by
a 150 ms measurement of the UV light intensity to obtain 1. Measurement of the Iy every 2.5
seconds eliminates instrument drift due to changing intensity of the lamp caused by aging and
dirt.

O3 Generator

The M200E uses a corona discharge (CD) tube for creating its Oz. Corona discharge generation is capable
of producing high concentrations of ozone efficiently and with low excess heat. Although there are many
cell designs, the fundamental principle remains the same.
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Ozone Generator Principle

The M200E utilizes a dual-dielectric design. This method utilizes a glass tube with hollow walls. The
outermost and innermost surfaces are coated with electrically conductive material. The air flows through
the glass tube between the two conductive coatings, in effect creating a capacitor with the air and glass
acting as the dielectric. The layers of glass also separate the conductive surfaces from the air stream to
prevent reaction with the Oz As the capacitor charges and discharges, electrons are created and
accelerated across the air gap and collide with the O, molecules in the air stream splitting them into
elemental oxygen. Some of these oxygen atoms recombine with O, to form Oa.

The quantity of ozone produced is dependent on factors such as the voltage and frequency of the
alternating current applied to the CD cells. When enough high-energy electrons are produced to ionize the
O, molecules, a light emitting, gaseous plasma is formed, which is commonly referred to as a corona,
hence the name corona discharge generator.
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The Photo Multiplier Tube

The M200E uses a photo-multiplier tube (PMT) to detect the amount of light created by the NO and O;
reaction in the reaction cell.

A PMT is typically a vacuum tube containing a variety of specially designed electrodes. Photons enter the
PMT and strike a negatively charged photo cathode causing it to emit electrons. These electrons are
accelerated by an applied high voltage and multiply through a sequence of such acceleration steps
(dynodes) until a useable current signal is generated. This current, which increases or decreases with the
amount of detected light, is converted to a voltage and amplified by the preamplifier board and then
reported to the motherboard’s analog inputs.
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Basic PMT Design and Functionality

A significant performance characteristic of the PMT is the voltage potential across the electron multiplier.
The higher the voltage, the greater is the number of electrons emitted from each dynode of the electron
multiplier, making the PMT more sensitive and responsive to small variations in light intensity but also
increases random noise (dark noise). The gain voltage of the PMT used in the M200E is usually set
between 450 V and 900 V. This parameter is viewable through the front panel as test function HVPS and
usually does not need to be changed unless the PMT or the HVPS itself is changed This can be changed
by performing a factory calibration upon the analyzer.
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The PMT is housed inside the sensor module assembly. This assembly also includes the high voltage
power supply required to drive the PMT, an LED used by the instrument’s optical test function, a
thermistor that measures the temperature of the PMT and various components of the PMT cooling system,
including the thermo-electric cooler (TEC).

Optical Filter

Another critical component in the method by which your M200E detects chemiluminescence is the optical
filter that lies between the reaction cell and the PMT. This filter is a high pass filter that is only
transparent to wavelengths of light above 665nm. In conjunction with the response characteristics of the
PMT, this filter creates a very narrow window of wavelengths of light to which the M200E will respond.

The narrow band of sensitivity allows the M200E to ignore extraneous light and radiation that might
interfere with the M200E’s measurement. For instance, some oxides of sulfur can also undergo
chemiluminescence when in contact with O3 but emit light at shorter wavelengths (Usually around 260nm
to 480nm).
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Perma Pure® Dryer

The air supplied to the O3 generation system needs to be as dry as possible. Normal room air contains
some amount of water vapor, which greatly diminishes the yield of ozone produced by the ozone
generator. Also, water can react with other chemicals inside the O3 generator to produce chemicals that
damage the optical filter located in the reaction cell, such as ammonium sulfate or highly corrosive nitric
acid.

To accomplish this task the M200E uses a Perma Pure® single tube permeation dryer. The dryer consists
of a single tube of Nafion®, a co-polymer similar to Teflon® that absorbs water very well but not other
chemicals. The Nafion® tube is mounted within an outer, flexible plastic tube. As gas flows through the
inner Nafion® tube, water vapor is absorbed into the membrane walls. The absorbed water is transported
through the membrane wall and evaporates into the dry, purge gas flowing through the outer tube,
countercurrent to the gas in the inner tube.

= - X
o P [ %
oot e S VRLAINZ XN,
oF L o @DD(—_—;&D o] M_‘J
=2 o P L=l ]
v/ g ey
o 9, &
{:}oﬂﬁﬁ'ﬁ "/_/Erd DO = o i ®
9o o] N e Nafion® Tube
¥ T——
¥/ L F oo H.0
o]

Semi-Permeable Membrane Drying Process

This process is called per-evaporation and is driven by the humidity gradient between the inner and outer
tubes as well as the flow rates and pressure difference between inner and outer tubing. Unlike micro-
porous membrane permeation, which transfers water through a relatively slow diffusion process, per-
evaporation is a simple Kinetic reaction. Therefore, the drying process occurs quickly, typically within
milliseconds. The first step in this process is a chemical reaction between the molecules of the Nafion®
material and water, other chemical components of the gases to be dried are usually unaffected. The
chemical reaction is based on hydrogen bonds between the water molecule and the Nafion material. Other
small polar gases that are capable of hydrogen bonds can be absorbed this way, too, such as ammonia
(NH5) and some low molecular amines. The gases of interest, NO and NO,, do not get absorbed and pass
through the dryer unaltered when used on the sample side of the analyzer.

To provide a dry purge gas for the outer side of the Nafion tube, the M200E returns some of the dried air
from the inner tube to the outer tube. When the analyzer is first started, the humidity gradient between the
inner and outer tubes is not very large and the dryer’s efficiency is low at first but improves as this cycle
reduces the moisture in the sample gas and settles at a minimum humidity.
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M200E Perma Pure® Dryer

Just like on startup, if the instrument is turned on after having been off for more than 30 minutes, it takes a
certain amount of time for the humidity gradient to become large enough for the Perma Pure® Dryer to
adequately dry the air. In this case, called a cold start, the O; generator is not turned on for 30 minutes.
When rebooting the instrument within less than 30 minutes of power-down, the generator is turned on
immediately.

The Perma Pure® Dryer used in the M200E is capable of adequately drying ambient air to a dew point of
<-5°C (~4000 ppm residual H,O) at a flow rate of 1 standard liter per minute (slpm) or down to < -15°C
(~1600 ppm residual H,0) at 0.5 slpm. The Perma Pure® Dryer is also capable of removing ammonia
from the sample gas up to concentrations of approximately 1 ppm.
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Critical Flow Orifices

In order to maintain constant flow rates for both the O3 supply air and the sample gas, the M200E uses a
variety of critical-orifice flow control assemblies located at these places in the pneumatic system of the
instrument:

Reaction cell, sample inlet

Reaction cell, ozone inlet

Vacuum manifold, autozero exit

Vacuum manifold, 1ZS purge (if installed )

Permapure ozone air dryer, purge flow control

Permapure sample or combo dryer, purge flow control (if installed)

The most important component of each flow control assembly is the critical flow orifice. Critical flow
orifices are a simple means to regulate stable gas flow rates. They operate without moving parts by taking
advantage of the laws of fluid dynamics. By restricting the flow of gas through the orifice, a pressure
differential is created. This pressure differential, created by the analyzer’s external pump, draws the gas
through the orifice.

As the pressure on the downstream side of the orifice (the pump side) continues to drop, the speed of the
gas flowing through the orifice continues to rise. Once the ratio of upstream pressure to downstream
pressure is greater than 2:1, the velocity of the gas through the orifice reaches the speed of sound and
remains constant, regardless of any further pressure difference. As long as that ratio stays at least 2:1, the
gas flow rate is unaffected by fluctuations, surges, or changes in downstream pressure because such
variations only travel at the speed of sound themselves and are therefore cancelled out at the downstream
exit of the critical flow orifice.

CRITICAL
FLOW
ORIFICE
(UPSTREAM)
AREA OF (DOWNSTREAM)
HIGH AREA OF LOW
PRESSURE PRESSURE
\
——————— ’,\ —-_—— == —-_——— \___-\

Shockwave

O-RINGS

SPRING
FILTER

Flow Control Assembly & Critical Flow Orifice

The actual flow rate of gas through the orifice depends entirely on the size and shape of the aperture in the
orifice and the upstream pressure. The larger the hole, the more gas molecules pass through the orifice.
The flow rate of the gas is unaffected by small degradations in pump efficiency due to age as long as the
2:1 pressure difference is maintained.
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T204 Gas Flow Rates

Location Purpose Orifice Diameter Flow.rate
(nominal)
Sample gas inlet of Controls rate_of flow of sample gas 0.010" (10mil) 500 cm¥min
reaction cell into the reaction cell.
Os su_pply inlet of Controls rate_of flow of ozone gas 0.004" (4mil) 80 cm3/min
reaction cell. into the reaction cell.
Dry air returg of Controls_ flow rate of dry air return / 0.004” (4mil) 80 cm3/min
Perma Pure” dryer | purge air of the dryer.
Vacuum manifold Controls rate of sample gas flow
' | when bypassing the reaction cell 0.010” (10mil) 500 cm3/min
auto-zero port. .
during the auto-zero cycle.
Vacuum manifold Controls rate of flow of zero purge
' | gas through the I1ZS option (when 0.003” (3mil) 50 cm3/min
IZS exhaust port : . .
installed and enabled) when inactive.
03 Bench Controls rate of flow thru ozone 0.012* (12mil) 800 cmé/min

bench.

Note that the diameter of the critical orifice may change with temperature because of expansion
of the orifice material (ruby) and, hence, the most critical flow orifices in the M200E are
maintained at a constant temperature inside the reaction cell. These are the sample and O3
flows. The table above shows the flow rates for each of the critical flow orifices of the M200E.

In addition to controlling the gas flows, the two critical flow orifices at the inlets of the reaction cell also
maintain a low pressure inside the reaction cell. This effectively reduces the number of molecules in the
chamber and therefore increases the chemiluminescence yield as the likelihood of third body quenching is
reduced. The M200E sensitivity reaches a peak at about 2 in-Hg-A, below which the sensitivity drops due
to a low number of molecules and decreased yield in the chemiluminescence reaction.

The other components of the flow control assemblies are:

A sintered stainless steel filter, which prevents particulates from entering the reaction cell
and potentially plugging the orifice.

Two o-rings are located before and after the critical flow orifice to seal the gap between the
walls of the assembly housing and the critical orifice, thus forcing all gas through the

orifice opening.

A spring applies mechanical force to form the seal between the o-rings, the critical flow
orifice and the assembly housing and to prevent the components from floating up and
turning on sudden pressure drops.
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PNEUMATICS
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INSTRUMENT CHASSIS
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INSTRUMENT CHASSIS

SAMPLL O, Measurement Cell
Gas !
THLET WA USIE
RAMPL E( CAL REFRRENCE
VALVY Vg VE

MEFFRENCE CYCLE SAS PATH

*rbeasats
Sean Mur

aAs
LT

@

5

MEASLIE € GRS PATH e

ZERO GAS &

ey g

TERQSPAN A5 preg ssng senson (132 F|ow=890cn~/mm
s o ) 3 Qrfice Dia.

0.012*
| & Flow
Control

ExHAausT
GAS OuTLEY

i
it

3
Pneumatics with Zero/Span Valves OPT 50A
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4- L VENT here if input Source of
] is pressurized SAMPLE Gas
- —
< ] VENT
MODEL 700
- Gas Dilution
g A Calibrator ——p[| samPLE
) z |89 EXHAUST
2 g [z p[| span1
©° L
c Q I c l
i, =123 .
o° MODEL 701 ZERO AIR
Zero Gas >©
Generator e
w
L | >
- —
Gas Line Connections for T204 with Z/S Valves Option (OPT 50A)
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MENU STRUCTURE
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APPENDIX A-1: Software Menu Trees, Version 1.1.0 (T200, T204)/Kb7 (200E)
SAMIPLE

|

TEST' C!\L cALZ? CALS? M:I,a-' cLR" SETUP

:
TST= NC ;X 03 L(!W HIGH L(!W HI(lSH i
L ' | i
Press to cycle

p—
. :g;jvﬁ,a”e‘ppaﬂz through the
=ValueFPB active wamin

* RANGE=/Va/uePPB ZERO SPAN CONC ZERO SPAN CONC mgssages.g

* RANGE1=/VaiusPPB l I !
RANGE2={\alusPFB Press to clear

* O3 BMN=fserial nbif J L L an activer

O3 READ=/V=/usPPB" NOX® NO® CONV® warning

© O3STAB=/ValuePPE messages.

OG.SLOPE=MmF=5’

* OFOFFS=/ValuePPE

.OGHNC,:,{',';,H;B: NOZ* CAL® SET®

© OFMEAS=/ValusiV’

+ OFREF=/ValueMy™

' O3CEL PR=/ValuePSIA" I

+ O3SAMP mp=fvamqﬂc: T T

+ OALMP TEMP=/VaiugfC

- NOX 51'5=‘,1,.',;1:::,|;:pgl'ﬂ CI!G ACAL? |!AS RBPGE PASS C[K MJRE

* SAMP FLW=/ValelCCM

+ OIGEN FL={Valuel:CM

] ©  PMT={ Vil MV SECONDARY SETUP

NORM PMT=/ValueiMV MENU

* AZERO={ValueiMV

HVPS=/Value/l!
* RCELL TEMP=/Va/ueFC ld k L !{ &
* BOX TEMP={VaiuefC COMM VARS DIAG ALRM
© PMT TEMP=/Vialua fC
+ 128 TEMP=/ValuepC*
* MOLY TEMP=/\VaiuefC
+ RCEL=/ValugiN-HG-A 'Only appears whan waming messages are active.
'+ SAMP=VaiueN-HG-A *This function can be set to display the stability of any gas the analyzer is equipped
* NOX SLOPE=/V5/ue] 10 measure
* NOX OFFS=aiuepv *Qnly appears if analyzer is equipped with Calibration Valve or Internal Span Gas
* NO SLOPE=Value] Ciencrator options.
- NO OFFS=/ValugMV “Only appears if analyzer is equipped with the Interal Span Gas Generator option.
TEST=/ValughIV® % These submenus only apply to NOy calibrations.fnot Gw)
- TIME=fHH: EM ss7 aOnlyI appears whan the Concantration Alarm oplion is active.
e TTR04 ozone sensor

PRIMARY SETUP
MENU

Figure A-1: Basic Sample Display Menu
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SAMPLE SEIFUP
cle ACL.L' DLS RJGE PAISS IZII_K MORE
[ . [
<PREV NEXT> PREV NEXT MODE } OFF
»

TIME DATE

Goto SECONDARY SETUP
Menu Tree

Go o iDAS
Menu Tree

SEQ 1) I
« MODEL TYPE AND SEQ 2)

NUMEER SEQ 3
& PART NUMBER
» SERIAL NUMEER
« SOFTWARE REVISION
& LIBRARY REVISION

MC!DE SET UI!IT

& iCHIP SOFTWARE EV NEXT H_Iﬂ

REVISION

o CPU TYPE & OS .SGL IND AUTO PPB PPM UGM MGM

REVISION .

* DATE FACTORY DISABLED H

CONFIGURATION SAVED — SETUPX.X  LOW RANGE:500.0 Conc
ZERC-SPAN | 0 0 5 0 0 .0 ENTR EXIT
SPAN .I .l

SETUP X.X HIGH RANGE:500.0 Conc
0 0 5 0 0 .0 ENTR EXIT

SET*
s
TIMER ENABLE
I— —I STARTING DATE®
STARTING TIME?
DELTA DAYS'
X ) _ _ DELTA TIME
ACAL menu and its submenus only appear if the analyzer is
equipped with calibration valves or the intemal span gas DURATION
generator. ON
2 Appears whenever the currently displayed sequence is not set CALIBRATE
for DISABLED. OFF
® Only appears when reporting range is set to AUTO range mode. RANGE TO CAL’
4 Only Appears if TIME ENABLE is set fo “ON". e
LOW HIGH

Figure A-2: Primary Setup Menu (Except DAS)
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COMM / Hessen

SAMPLE SE'{UP
C!G ACAL D!.S RNlGE PAISE C!k MC!RE
1
1 | |
C0|MM VARS DIAG
ENTER PASSWORD: 818
b nr 5 i col |
| INET HESN? CO|M1 CO|MZ I I
IE E'T ] PRIEV Né(T JULP EDIT
ENTER PASSWORD: 818 Goto r:SI T S i > EI:IJIT | | | | PRNT

-¢SET Sj ;: EDIT

Menu Trae L 0) DAS_HOLD._OFF
1) MEASURE MODE
MODE  BAUDRATE TEST PORT 3 S TABIL A
3) TPC_ENABLE
TEST 4) DYN_ZERO
5) DYN_SPAN
r DH.CP — ] 100 6) IZ5_SET
ON . OFF 1500 7) CONC_PRECISION
| . | 2400 8) CLOCK_ADJ
EDIT | EDIT 1500 9) CAL_ON_CO2
. — %600 10) SERVICE_CLEAR
QUIET 11) TIME_SINCE_SVC
INSTRUMENT IF° COMPUTER 19200 12) SVC_INTERVAL
GATEWAY IF° SECURITY 38400 | =2
57600 —
SUBNET MASK® HESSEN PROTOCOL  [{15709 ENTER PASSWORD: 813
. E 7.1 ((Goto DIAGMenu Tree )
. RS-485
TCP PORT! =] MULTIDROP PROTOCOL ' E-Series madels: Only appsars il optional Elhernel PCA s
ENABLE MODEM Installed. , )
HOSTNANE® ERROR CHECKING NOTE: When Elhalmﬂt PCA is present in E-Series models,
HIAROWARE [ANDSHAKE. 2 gﬁm Smee:uHL;;Zplsp:a;TwTocc)L de is ON (S
I nly appears I mode is ee
',"iﬁgmﬁﬁ 'F'.“,Zﬁ""* AKE oM & COM2 - MODE subment above)).
COMMAND PROMPT % INSTRUMENT IP. GATEWAY IP & SUBNET MASK are only editable
ON when DHCP is OFF.
L[ 4 Although TGP PORT e oditable regardloct of the DHEP state, do not
OFF change the setting for this property.

5 HOST NAME Is only editable when DHCP i= ON.

Figure A-3: Secondary Setup Menu (COMM & VARS)
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SAMPLE =—————— SE'||'UP

CFG  ACAL DAS RNGE PASS CLK MC!RE
1
|
COMM VARS DIAG
| g |
1D INET HESN com com2 ENTER PASSWORD: 818
ENTER PAS:SWOFID! 818 IE J J I ENTER PAS‘ISWORD: 818
Caoto COMM / VARS Menl) <SET  SET>  EDIT Caoto COMM/VARS Mem) ( JTS—— )
Tree Tree
A ' L

VARIATION RESPONSE MODE GASLIST STATUS FLAGS

TYPE1 TYPE2 BCC TEXT CMD

PREV NEXT  INS DEL EDIT PRNT ox
|_j NO
— N
NOX, 0, 211, REPORTE YEs NO SRS TYPE | 02
NO, 0, 212, REPORTED GAS ID

-
NO2, 0, 213, REPORTED REPORTED gas ID number

03, 0,216, REPORTED ON

OFF

Figure A-4: Secondary Setup Menu (HESSEN)
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SAMPLE SE".FUP
1 ] 1 1 1 ) 1
CFG  ACAL DAS RNGE PASS GOLK MD.RE
I T I|
COMM  VARS DIAG
ENTER FASSWORD 818
PFi'EV Nﬁx‘r
I | | | | |
SIGNAL VO ANALOG ANALOG TEST CHANNEL OPTICS OZONE GEN
QUTPUT CONFIGURATION QUPUT TEST OVERIDE
1
P ENTR Press ENTR
Tass
1o Star test J) C;ﬁ;:,?m o OFF
pnIEv_ iEfU <SET SET> EDIT _NONE ELECTRICAL FLOW
P— L TEST CALIBRATION
B Span el DETECTOR 1 1
3 MAHTHONE QZOME FLOW Press ENTR Press ENTR
3 LANGE SELECT
o s CAL S RLE FLOW JRE st Coibemton
5 CAL LED SAMPLE PRESSURE
B) FAULTLED
7 auniLE aEeren ‘I—AOI ITS CALIRRATED gg'ét'l: :EE;SURE
Vi Frcae rece sa | MANIFOLD TEMP
1) CELGEN STATIS CONC_OUT_1 1ZS TEMP
13 57 coC v CONEC_OUT_2
A CONC_OUT 3 T TEMP
16 5T SPAN CAL _ol TEST_OUTOUTAI BOX TEMP
17) 5T DAAG MOD ———
paecim [ N HVPS VOLTAGE
gimdse Lo
B2 RELAY WATCHDOR —AIN CALIBRATED
33 Fez|L HEATER —
—1 |
LR RAP!IGE oJEH RANGE  AUTO' CALIBRATED  OUTPUT
ALITE) ERD VALE RANGE OFFSET’ CAL
30 HOK VALVE I ; |
) INTERANAL ANALOG i
ln VDLTAGE BGHALS [ ON E [ ON [ O ]
{se Appends: &) OFF - OFF OFF
e
|
ofiset
1
zﬁﬁlﬁw vt Sa
! Cindy appears if one of the valtage ranges is | I I I I
selecied. 01V W B 10V CURR
# Manual adjustmant menu anly appaars if sither the
Aute Cal featume is OFF or the range is set for l l l l I
Uiodr UP10 UP DOWM DN1O D100
Figure A-5: Secondary Setup Menu (DIAG)
08305A (DCN 7113) Page 26 of 81 6/8/2015

Printed documents are UNCONTROLLED

Information contained herein is classified as EAR99 under the U.S. Export Administration Regulations. Export, reexport or diversion contrary to U.S. law is prohibited.



SAMPLE SE'II' up
ClG ACAL' D%S RNI GE PASS CLK MJ RE
| l
VIEW EDIT
PR NEXT ENTER PASSWORD: 818

— () G )
I PREV NEXT INS DEL EDI® PRNT
b C AL CHEC K A
 DlAG—] CON G YE H
T — s © A, | D) A, T

VIEW TR Y=y —

1 —LUE J“-r J
P\’Iﬂ! PRIEV NEI!)[T N)£10 <P,RM IPR'M’ e ‘sl TS |T> N | N0
] L i i 1

i
______ D ettt [ RS—1 I

1 1 )
| Selects the data point to be viewed | ! E':;"P:E'_ ————i Creataledit the name of the channel
1 PARAMETERS:
Cydoc thraugh | mmmmmmmm o m o mmmmmmm i REPORT PERIOD- ————— — - <~ o - o :
N NUMEBER OF RECORDS L
2:[;'";85"%3‘:?:? PREV. N RS-232 REPOR Sals the time lapse batween each
: i 3 CHANMNEL ENABL et
---77 YE® [ CAL MOD
Cycles through st == === == - ===== ' I
of available trigger|

[o]

e PREV NEXT INS DEL |z|::!|Ta PRNT [o:F:I l_j

1
Cycles through list of |
currently actve | _________ !
paramaters for this

YES

channal €sIE J-p, | |
T 8 EDIT PRNT
| I E—

|
1

o || ek the mavimum number of
records recorded by this channel

PARALETER SAMPLE MODE PR ECIISIDI\I

| 'ACAL menu only appesr if analyzer is equipped with
ZeraSpan or |28 vahe opfions
L '.I' 'J l * Bditing an exlsting DAS channel will erase any
PR N INST AVG N MAX data stored on the channel options,
Cyclas through list of available & ! ! * Changing the event for an axisting DAS channal
cumenily active parameters for this === DOES NOT erase the data stored on the
channal I channel

Figure A-6: Internal Data Acquisition (DAS) Menu
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CALIBRATION PROCEDURES
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HOW TO PERFORM A MANUAL DAC CALIBRATION

1. From the main menu press SETUP-MORE-DIAG-ENTR-NEXT until ANALOG I/0
CONFIGURATION press ENTR.
2. Press SET> until it reads read A/IN CALIBRATED:
3. Press CAL to calibrate the analog inputs.
4. Press <SET until the top line reads CONC_OUT _1 and press EDIT
a. If this is the output voltage you desire then go to step 7
b. If this voltage is incorrect press EDIT and change to the output voltage desired, press ENTR
and go to step 7.
5. Press EDIT, Press SET>. The top line should read CONC_OUT_1: REC OFFSET: Omv
a. If you don’t want a recorder offset go to step 8.
b. If you want a recorder offset press EDIT. Enter the OFFSET value and press ENTR.
Go to step 8.
6. Press SET>. The top line should read CONC_OUT _1: AUTO CAL: ON
a. If this says AUTO CAL ON press EDIT and turn it OFF.
b. If this says AUTO CALL OFF go to step 9.
7. Press SET>. The top line should read CONC_OUT_1: CALIBRATED: YES
8. Now place your meter on pins 1 and 2 on the rear panel analog output connector and set your meter to
read mvDC.
9. Press CAL on the front panel.
10. You should have some DN and UP buttons. And the top line should be say ZERO ADJUST or
something similar.
11. The output on the meter should be as close as possible to 0OmV £0.3mV.
a. If it is not then press DN or UP until the meter reads as close as possible to 0Omv
b. If it does go to step 14
12. Press ENTR.
13. The top line should now say GAIN ADJUST and you should have DN and UP buttons again. The meter
should now read your full-scale voltage (i.e. 1V, 5V, 10V) you will have to change the range on the meter
to read Volts instead of Mili-volts.
14. Press the DN and UP buttons until the output on the meter reads your full-scale voltage £1mV.
15. Press ENTR
16. That channel is now calibrated.
17. Do this for all channels and ensure that you move the meter on the output connector to the proper pins.
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CURRENT OUTPUT

1. From the main menu press SETUP-MORE-DIAG-ENTR-NEXT until ANALOG 1/O
CONFIGURATION press ENTR.
Press SET> 5 times.
The top line should read A/IN CALIBRATED: YES
Press CAL to calibrate the analog inputs.
Press <SET 4 times.
The top line should read CONC_OUT _1: CURRENT
a. If you desire Current output then go to step 7
b. If you do not desire Current output press EDIT and change to the output voltage desired,
press ENTR and follow the steps in the VVoltage Output procedure.
7. Press EDIT, Press SET>. The top line should read CONC_OUT_1: AUTO CAL: ON
a. Ifthis says AUTO CAL ON press EDIT and turn it OFF.
b. Ifthissays AUTO CALL OFF go to step 8.
8. Press SET>. The top line should read CONC_OUT_1: CALIBRATED: YES
9. Now place your meter on pins 1 and 2 on the rear panel analog output connector and set your
meter to read mA.
10. Press CAL on the front panel.
11. You should have some DN and UP buttons. And the top line should be say ZERO ADJUST or
something similar.
12. The output on the meter should be as close as possible to Oma +0.01ma (if 0-20ma output), 4ma
+0.01ma (if 4-20ma output).
a. If not then press DN or UP until the meter reads as close as possible to Oma or 4ma.
b. Ifitdoes go to step 13
13. Press ENTR.
14. The top line should now say GAIN ADJUST and you should have DN and UP buttons again. The
meter should now read your full-scale current output 20ma.
15. If it doesn’t press the DN and UP buttons until the output on the meter reads your full-scale
current output of 20ma +0.01ma.
16. Press ENTR
17. That channel is now calibrated.
18. Do this for all remaining channels that contain the Current option and ensure that you move the
meter on the output connector to the proper pins for that channel.

o wN
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Factory Calibration for a T204

The sensor module hardware calibration adjusts the slope of the PMT output when the instrument’s slope
and offset values are outside of the acceptable range and all other more obvious causes for this problem
have been eliminated.

e Let the instrument run for one hour to stabilize all. This is required to ensure proper scaling of
the NORM PMT value.

o Perform a full zero calibration using zero air.

e Locate the preamp board.

e Locate the following components On the preamp board
o HVPS coarse adjustment switch (Range 0-9, then A-F)
o HVPS fine adjustment switch (Range 0-9, then A-F)

o Gain adjustment potentiometer (Full scale is 12 turns)

Connector to TEC control board

HVPS Coarse Adjustment
HYPS Fine Adjustment

Gain Adjustment

Configuration Plug

Connector to Signals

Connector to Power
OTEST Adjustment
ETEST Adjustment

Connector to HYPS and PMT

Pre-Amplifier Board Layout

e Turn the gain adjustment potentiometer, R29, 12 turns clockwise to its maximum setting.
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e Turn R29, the gain adjustment pot, 5 turns counter-clockwise to put it near the center of the
potentiometer.

e While feeding span gas to the analyzer and waiting until the STABIL value is below 1.0 ppb,
look at the front panel and scroll to the NORM PMT value. This value is what you are going to
adjust to get a slope of 1.000. There are two different equations for calculating your TARGET
NORM PMT value. If you are on a range 2000 and below you will want to use the first equation,
with a range 2000.1 and above you will use the second equation.

CONC=Span Gas in PPB

Ranges 2000.0 and below
TARGET NORM PMT=(2*CONC)
Ranges 2000.1 and above
TARGET NORM PMT=(0.182*CONC)
e Set the HVPS coarse adjustment switch to the lowest setting that will give you more then the
calculated TARGET NORM PMT voltage.

e Adjust the HVPS fine adjustment such that the NORM PMT value is as close as possible to the
TARGET NORM PMT value. It may be necessary to go back and forth between coarse and fine
adjustments if the proper value is at the threshold of the min/max coarse setting.

NOTE

Do not overload the PMT by accidentally setting both adjustment switches to their
maximum setting. This can cause permanent damage to the PMT.

¢ Adjust the NORM PMT value with the gain potentiometer to the TARGET NORM PMT
value. This is the final very-fine adjustment.

e Perform software span and zero calibrations to normalize the sensor response to its new PMT
sensitivity.

¢ Review the slope and offset values, the slopes should be 1.000+0.300 and the offset values should
be -50 to +150 mV.
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Pressure Calibration

To calibrate the pressure in the analyzer the first thing you will want to do is disconnect the pump. You
can either do this pneumatically or electrically. Also disconnect any tubing connected to the sample inlet
port on the back of the analyzer. This will put the analyzer at atmospheric (ambient) pressure.

Next, find what the current atmospheric pressure is. This can be found from a barometer or by contacting
your local airport or weather station.

From the front panel of the analyzer press <SETUP><MORE><DIAG> and enter 929 for the password
whenever it asks for it. Once in the DIAG menu, press NEXT until you get to Pressure Calibration and hit
ENTER. Now enter the current atmospheric pressure and press ENTER.

Exit back out to the main menu and scroll over to sample pressure and rcell pressure. These should be
equal to the atmospheric pressure. Reconnect the pump and the pressure should drop about an inch and
the rcell pressure should drop below 10”Hg. Reconnect the sample inlet and the pressure should remain
the same +- 0.2”Hg. If the pressure changes more than this when you reconnect the sample line, you will
have to troubleshoot the system as the analyzer is being pressurized or being put under a vacuum.

Flow Calibration

With the analyzer on and the pump connected and running, connect an external flow meter to the sample
inlet port on the back of the analyzer. Record this flow rate. Then disconnect the 1/8” ozone line going
into the top of the reaction cell. This is the tubing going into the fitting marked .004. Measure the flow
rate going into the fitting, it should be around 80cc/min, and record this reading. Reconnect the 1/8”
tubing you previously disconnected to the ozone fitting. Then from the front panel hit
<SETUP><MORE><DIAG> enter 929 for the password when it asks you for it.

Once in the DIAG menu press NEXT until you get Flow Calibration and hit <ENTER><SAMP>. Now
enter the value you measured with the external flow meter on the sample inlet and hit Enter. Next, do the
same thing for the Ozone flow. This will calibrate the flow meter in the analyzer. Exit back out to the
main menu and scroll through the TST values till you get Sample Flow and Ozone Flow. They should be
reading close to the measured value.
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Electric and Optic Test Adjustment

Electric Test
Adjust R19 on PMT Preamp Board
PMT: 2000 MV~ NO: 1000 PPB

PMT: 2000MV  NOx: 1000 PPB

OPTIC TEST
Adjust R28 on PMT Preamp Board

PMT: 2000 MV~ NO: 1000 PPB
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O3 Lamp Adjust

1. Loosen the lamp screws.

2. Connect meter from TP4 to TP10 and rotate lamp to get
lamp voltage around 1300mV and tighten lamp down.

3. Connect meter from TP4 to TP11 and adjust pot R26 till you
get around 1130mV

i..w.'.-“
; ! Hf..! ™

. : L=E o]
s B
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n
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MAINTAINANCE
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CAL DATE PERFORMED

ITEM ACTION FREQ CHECK
REQ’D
TEST Review and Weekly No
functions evaluate
Particulate Change Weekly (if in No
filter particle filter stack system:
As Needed)
Zero/span Evaluate Weekly No
check offset and
slope
Zero/span Zero and Every 3 Yes
calibration span months
calibration
External Exchange Every 3 No
zero air chemical months
scrubber
option
External Replace When indicator No
dryer option chemical color changes
Ozone Change Annually Yes
cleanser chemical
Reaction Clean Annually or as Yes
cell window necessary
(“optical
filter”)
DFU filters Change Annually No
particle filter
Pneumatic Check for Annually or Yes ifa
sub-system leaks in gas after repairs leak is
flow paths involving repaired
pneumatics
Reaction Replace Annually Yes
cell O-rings
& sintered
filters
PMT Sensor Low-level On PMT/ Yes
Hardware hardware preamp
Calibration calibration changes or if
slope is
outside of
1.0+0.3
Pump Rebuild head when RCEL Yes
pressure
exceeds 10 in-
Hg-A (at sea
level)
Inline Replace Annually No
Exhaust
Scrubber
NO, Replace Every 3 years Yes
converter converter or if
conversion
efficiency
drops below
96%
Desiccant Replace Any time PMT n/a
bags housing is
opened for
maintenance
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CAL DATE PERFORMED
ITEM ACTION FREQ CHECK
REQ’D
O3 SENSOR MAINTENANCE
Internal Replace Weekly / As
Particulate needed
Filter
UV Lamp Adjust As needed
UV Lamp Replace When
adjustment no
longer
effective
Sensor Replace ~ Every 2
Module years
Valve
*or every 6 mo. when external sample line pre-filters are used.

PREDICTIVE DIAGNOSTICS

Predictive diagnostic functions including failure warnings and alarms built into the analyzer’s firmware allow
the user to determine when repairs are necessary.

The Test Functions can also be used to predict failures by looking at how their values change over time.
Initially it may be useful to compare the state of these Test Functions to the values recorded on the printed
record of the Final Test and Validation Data Sheet.

The following table can be used as a basis for taking action as these values change with time (recommend
weekly check). The internal data acquisition system (DAS) is a convenient way to record and track these

changes. Use APICOM to download and review this data from a remote location.

Predictive Uses for Test Functions

FUNCTION EXPECTED ACTUAL INTERPRETATION & ACTION
. Fluctuating Developing leak in pneumatic system. Check for leaks.
RCEL Constant to within b p ~d dina. Rebuild -
ressure + 0.5 in-Hg-A . . ump performance is degrading. Rebuild pump when pressure
(P ) 9 Slowly increasing is above 10 in-Hg-A.
Fluctuating Developing leak in pneumatic system. Check for leaks.
SAMP Cg{‘;ﬁ”&:’;‘:&'n Slowly increasing Flow path is clogging up. Replace orifice filters.
ressure i i i i
(¢ ) changes Slowly decreasing Developlng leak in pneumatic system to vacuum (developing
valve failure). Check for leaks.
OZONE FL! Consta;tltSO within Slowly decreasing Flow path is clogging up. Replace orifice filters.
Developing AZERO valve failure. Replace valve.
Constant within o _ ) PMT cooler failure. Check cooler, circuit, and power supplies.
AZERO +20 of check-out Significantly increasing —
value Developing light leak.
Og; air filter cartridge is exhausted. Change chemical.
Constant for Slowly decreasing . .
c NOtz . constant signal for same CC;?]v%rr:irngﬂmency may be degrading. Replace converter
(Concentration) concentrations concentration P '
Constant for . . . .
NO _ constant Decreasing over time Drift of mstrur_'nent response; clean RCEL window. Check for
(Concentration) concentration flow leaks or irregularities.
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MAINTENANCE PROCEDURES

The following procedures are to be performed periodically as part of the standard
maintenance of the T204.

REPLACING THE SAMPLE PARTICULATE FILTER

The particulate filter should be inspected often for signs of plugging or contamination. We recommend that
when you change the filter; handle it and the wetted surfaces of the filter housing as little as possible. Do not
touch any part of the housing, filter element, retaining ring, glass cover or the o-ring with your bare hands.
Teledyne API recommends using gloves or PTFE coated tweezers or similar handling to avoid contamination
of the sample filter assembly.

To change the filter

1. Turn OFF the analyzer to prevent drawing debris into the instrument.
2. Open the T204’s hinged front panel and unscrew the filter nut on the filter

assembly.
FILTER NUT .@’
WINDOW ©
O-RING @

Replacing the Particulate Filter

3. Carefully remove the filter nut, PTFE o-ring, glass filter cover and filter element.

4. Replace the filter element, being careful that it is fully seated and centered in
the bottom of the holder.
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5. Reinstall the Teflon retaining ring with the notches up, the o-ring, and the
window; then screw on the filter nut and hand tighten. Inspect the seal between
the edge of filter and the Teflon retaining ring to assure a proper seal.

6. Restart the Analyzer.

CHANGING THE O3 GENERATOR DRYER PARTICULATE FILTER

The air for the Oz generator passes through a sample gas dryer, which is equipped
with a small particulate filter at its inlet. This filter prevents dust from entering the
sample gas dryer and degrading the dryer’s performance over time. Change the filter
according to the service interval in Table:

7. Before starting the procedure, check and write down the average RCEL
pressure and the OZONE FLOW values.

8. Turn off the analyzer, unplug the power cord and remove the cover.

9. Unscrew the nut around the port of the filter using two 5/8” wrenches.
ATTENTION COULD DAMAGE INSTRUMENT AND VOID WARRANTY

Ensure to use proper wrenches.

Hold the main dryer fitting with a 5/8” wrench to ensure that it does not
turn against the sample gas dryer.

Performing this procedure improperly or with incorrect tools creates a
risk of causing a significant leak.

10. Take off the old filter element and replace it with a suitable equivalent (Teledyne
API P/N FL-3).

FITTING
BODY

* DO NOT LOOSEN THESE FITTINGS.

HEX NUT HOWEVER, IF IT BECOMES NECESSARY
(DO NOT TO RE-TIGHTEN THESE FITTINGS,
MAIN DRYER | | o\ + ENSURE THAT THEY ARE TIGHTENED OVER
NUT FITTING ) THE PLASTIC INSERT AND THE O-RING OF
(DO NOT NUT THE INNER TUBING. TIGHTEN BY HAND
LOOSEN™) (DO NOT AS MUCH AS POSSIBLE, AND THEN
DFU PARTICLE LOOSEN®) TIGHTEN 1/2 TURN WITH A WRENCH.

FILTER
(PIN FL3)
D
AR
roR™
P/N 04543A
Particle Filter on O3 Generator Supply Air Dryer
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5. Holding the main dryer fitting steady with a 5/8” wrench and tighten the nut with
your hands.
If necessary use a second wrench but do not over-tighten the nut.

6. Replace the cover, plug in the power cord and restart the analyzer.

7. Check the O3 flow rate; it should be around 80 cm3/min + 15.

8. Check the RCEL pressure.

It should be the same value as recorded in Step 7 of this procedure.

9. Referto Section CHECKING FOR LIGHT LEAKS to leak check

after installing the new DFU particle filter.

CHANGING THE OZONE GENERATOR CLEANSER CHEMICAL

The ozone (O,) cleanser, located next to the Oz generator (see below), cleans the O3 stream
from solid and liquid contaminants that are created inside the O3 generator. The content of
the ozone cleanser needs periodical exchange according Table. A rebuild kit is available
from the factory (see Appendix B of this manual lists the part numbers).

To change the ozone cleanser chemical, follow these steps:

1. Turn of power to the analyzer and pump. Remove the analyzer cover and
locate the Ogs filter in the front of the analyzer next to the O3 generator.

2. Use a 7/16” wrench to remove both pieces of 1/8” male nut with tubing from the NPT
fittings.

3. Remove the integrated screws with a Phillips screw driver and remove the
scrubber manifold from the chassis.

4. Using a 9/16” wrench, remove both fittings from the cartridge.
5. Discard the glass wool.

6. Pour the contents of the scrubber manifold onto a sheet of white paper. If
necessary, remove the plug to ensure that all the contents are poured out.

Notice any discoloration of the contents, which is usually white and slightly
transparent.

The amount of discolored chemical (usually with yellow tint) may give you an
indication of the lifetime of the chemical in your application.

The maintenance cycle of this item is dependent on ambient moisture, sub-micron
particle load and other factors and may differ from that shown in Table.

7. Discard the used silica gel desiccant without touching it. It may contain nitric
acid, which is a corrosive and highly irritating substance.
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12" BLACK 1/8”
TFE TUBING

MALE NUT —»
CONNECTOR
FERRULE —> (P/N FT9)

s & [ @ PLACES)

NPT FITTING ™ |
04‘ GLASS WOOL
BLUG (P/N IN6)
(2 PLACES)
(PIN FT349) P /CL
\A &)

&\

7

MANIFOLD, SCRUBBER,

CARULITE/SILICA GEL
1 (P/N 05810)

N

/O

DECAL
(P/N 058980200)

//J

<+—— CHASSIS
(REFERENCE)

N

—T

3
(\
SCREW ! ( RWA\RD
(PIN SN229) ‘ >
(2 PLACES)

P/N 05823B

Ozone Generator Cleanser Assembly

(DCN 6705) Page 42 of 81 04/08/2013
Printed documents are UNCONTROLLED

Information contained herein is classified as EAR99 under the U.S. Export Administration Regulations. Export, reexport or diversion contrary to U.S. law is prohibited.



CAUTION — GENERAL SAFETY HAZARD
Immediately wash your hands after contact with the silica gel disiccant.

1. Using a small powder funnel, fill the cartridge with about 10 g new silica gel
desiccant (Teledyne APl P/N CH43) so that it is level on both legs of the
cartridge.

Slight vibration is required to settle the chemical into the cartridge and achieve
tightest packing, which increases performance and lifetime of the filter.

Ensure that the level of the chemical does not protrude farther than the first two
threads of the NPT fitting.

IMPORTANT IMPACT ON READINGS OR DATA
Use only genuine, pre-conditioned Teledyne API's refill kits for this
procedure. Teledyne API's refill kits have been properly conditioned to
prevent a significant increase of the T204’s Auto Zero value which can
cause large negative offsets, which may take 2-3 weeks to disappear.

Do not leave this material uncovered for more than a few seconds, as it
will absorb contaminants from ambient air. Always store unused, well-
covered refill material in a cool dry place.

2. Seal the silica gel desiccant with 1 cm?® of glass wool on each well.

Ensure that the plug is large enough and compressed into the cartridge so that
the chemical is securely held in place.

Add new Teflon tape (P/N HNOOOO036) to the NPT fittings.

Screw the NPT fittings back into the scrubber manifold.

Screw the cartridge back onto the chassis; orientation is not important.
Evaluate the ferrules on the tubing.

o 0~ w

If the ferrules are too old, we recommend replacing them with new ferrules.

7. Reconnect the tubing using 7/16” and 9/16” wrenches.
Do not over-tighten the fittings.

8. If the service interval for this item has been exceeded, it may also be necessary
to clean the reaction cell as described in Section 0.

9. Leak check the system using the pressurized approach described in Section 0.
If necessary, tighten the fittings some more but do not over-tighten.

10. Restart the analyzer and pump and continue operation.
11. Recalibrate the analyzer after one hour .

If Auto Zero is high or is changing/not constant, you may have to wait a day until
the silica gel is conditioned before recalibrating the instrument.
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MAINTAINING THE EXTERNAL SAMPLE PUMP (PUMP PACK)

REBUILDING THE PUMP

The sample pump head periodically wears out and must be replaced when the RCEL
pressure exceeds 10 in-Hg-A (at sea level, adjust this value accordingly for elevated
locations).

A pump rebuild kit is available from the factory. Refer to the label on the pump for
the part number. Instructions and diagrams are included in the Kkit.

A flow and leak check after rebuilding the sample pump is recommended.

A span check and re-calibration after this procedure is necessary as the response of
the analyzer changes with the RCEL pressure.

REPLACING THE SCRUBBER

CAUTION!
Do NOT attempt to change the contents of the inline exhaust scrubber

cartridge; change the entire cartridge.

1. Through the SETUP>MORE>DIAG menu turn OFF the OZONE GEN
OVERRIDE. Wait 10 minutes to allow pump to pull room air through scrubber
before proceeding to step 2.

2. Disconnect exhaust line from analyzer.

3. Turn off (unplug) analyzer sample pump.

4. Disconnect tubing from (NOx or charcoal) scrubber cartridge.

5. Remove scrubber from system.

6. Dispose of according to local laws.

7. Install new scrubber into system.

8. Reconnect tubing to scrubber and analyzer.

9. Turn on pump.

10. Through the SETUP menu (per Step 1 above) turn ON the OZONE GEN
OVERRIDE.
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CHANGING THE PUMP DFU FILTER

The exhaust air from the analyzer passes a small particle filter (Dry Filter Unit (DFU
- filter), P/N FL3) before entering the pump. It should be replaced when:

It becomes visibly dirty or;

The pressure differential between the test functions SAMP and RCEL increases
significantly.

PROCEDURE FOR REPLACING FILTERS ON EXTERNAL PUMPS

1. Power down the analyzer and pump.

2. For internally mounted filters, skip the next two steps.
3. Remove the analyzer exhaust tube from the dust filter.
4

. Remove the particle filter from the pump by pushing the white plastic ring into
the fitting and pulling the filter out of the fitting.

If necessary, use needle-nose pliers to pry the filter out of the fittings.

5. Push a new filter into the pump fitting and ensure that the arrow on the filter
points towards the pump.

6. Push the exhaust tubing onto the filter. Skip the next two steps.

7. For internally mounted filters at the inside rear panel, remove the chassis and
locate the filter between the vacuum manifold and the exhaust port fitting.

8. Disconnect the clear tubing from the filter body and change the filter with the
arrow pointing against the gas flow. To remove the hose clamps, slide the two
clamp ends in opposite directions with a needle-nose pliers until the clamp
comes apart. Reconnect the tubing by using the same or new clamps and
pushing tightening them until a good seal is achieved.

9. Restart the pump and clear any error warnings from the front panel display.

10. After about 5 minutes, check the RCEL pressure reading and ensure that it is
similar to its value before changing the filter but less than 10 in-Hg-A.

Ensure that the three screws are tightened evenly.

11. Replace the analyzer cover, plug the power cord back in and turn on the
analyzer.

12. Carry out a span check to see if the new permeation device works.
13. The permeation rate may need several days to stabilize.

ATTENTION COULD DAMAGE INSTRUMENT AND VOID WARRANTY
Do not leave instrument turned off for more than 8 hours without
removing the permeation tube. Do not ship the instrument without
removing the permeation tube. The tube continues to emit NO2, even at
room temperature and will contaminate the entire instrument.
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CHANGING THE NO, CONVERTER

The NO, converter is located in the center of the instrument;

The converter is designed for replacement of the cartridge only; the heater with built-
in thermocouple is to be reused.

CAUTION
HOT SURFACE HAZARD

The converter operates at 315° C. Severe burns can result if the assembly is not
allowed to cool.

Do not handle the assembly until it is at room temperature. This may take several
hours

CAUTION!

Wear gloves prior to changing the NO, Converter to ensure that the fiberglass
insulation does not come into contact with your skin.

1. Turn off the analyzer power.
2. Remove the instrument cover and allow the converter to cool.

3. Remove the converter assembly cover as well as the Moly insulation (top layer
and corner cut out layers) until the Moly converter assembly can be seen.

Remove the tube fittings from the Moly converter assembly.
5. Disconnect the power and the thermocouple from the Moly converter assembly.

6. Unscrew the steel cable clamp (for the power leads) from the converter housing
with a Phillips-head screw driver.

7. Remove the Moly converter assembly (converter cartridge and band heater)
from the converter housing.

Make a note of the orientation of the tubes relative to the heater cartridge.

8. Unscrew the band heater and loosen it.
9. Remove the old converter cartridge.
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CONVERTER
COVER ASSEMBLY
(P/N 04230)

MOLY INSULATION

(2 PLACES;

TOP & BOTTOM LAYER)
(P/N 00780)

THERMOCOUPLE \
POWER "
LEADS _——HEATER BAND
ASSEMBLY
(P/N 052930200)
GROMMET
e ) o
MOLY INSULATION TUBE (2 PLACES) ( )
(3 PLACES; FITTINGS
CORNER CUT OUT LAYER) (PN FT37) MOLYBE(’“EASLLJ%
(PN 007901) (2 PLACES) CONVERTER
CONVERTER ASSEMBLY
CARTRIDGE
(P/N 010150201) (P/N 06239)
CONNECTORS
J
STEEL CABLE
CLAMP
screw (P/NHW162) ~ |
(P/IN SN72)
-
e
CONVERTER
HOUSING

(P/N 04016)
P/N 0187202G

NO, Converter Assembly

1. Wrap the band heater around the new replacement converter cartridge and
tighten the screws using a high-temperature anti-seize agent (Teledyne API
P/N CH42) such as copper paste.

Ensure to use proper alignment of the heater with respect to the converter tubes.

2. Replace the Moly converter assembly by routing the cables through the holes in
the converter housing and reconnecting them properly.

3. Reconnect the steel cable clamp around the power leads for safe operation.

4. Reattach the tube fittings to the converter and replace the Moly insulation (top
layer and corner cut out layers).
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5. Reinstall the converter assembly cover.
6. Reinstall the instrument cover and power up the analyzer.
7. Allow the converter to burn-in for 24 hours, and then recalibrate the instrument.

CLEANING THE REACTION CELL

A dirty reaction cell will cause excessive noise, drifting zero or span values, low response or a
combination of all.

To clean the reaction cell, it is necessary to remove it from the sensor housing.

1. Turn off the instrument power and vacuum pump.

2. Disconnect the black 1/4" exhaust tube and the 1/8” sample and ozone air tubes
from the reaction cell. Disconnect the heater/thermistor cable.

3. Remove two screws (Teledyne APl P/N SN144) and two washers holding the
reaction cell to the PMT housing and lift the cell and manifold out.
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SENSOR

HOUSING
(REFER TO
— FIGURE 12-20)
F%
AR I
D
> CONNECTOR
BRACKET
(P/N 01831)
SCREW
(INTEGRATED) ORIFICE
(P/N SN232) ASSEMBLY
(SAMPLE) @
(PN 04450)
REFER TO
HEATER (
CONNECTOR FIGURE 13-7)
(PIN CNTET) ~ ORIFICE -
~%. ASSEMBLY (O,) S O-RING
THERMISTOR (P/N 04450) 7 _(PIN OR44)
(P/N 00329) )Q% A (REFER TO o
HEATER L2 FIGURE 13-7) REACTION CELL
(P/N HE17) . | MANIFOLD
NS (P/N 00884)
BN ~ WINDOW GASKET
~7 (PN 00227)
OPTICAL FILTER
/@/\ (PN 00273)
SCREW o~ _
(P/N SN150) —»&// (P/% %lgg
VACUUM N
FITTING REACTION CELL

(PIN FT17) INNER SLEEVE
SCREW NOZZLE (UNPLATED)
(P/N SN144) ! (SAMPLE) (P/N 00133)

SCREW : (PIN 00134) O-RING
(P/N SN150) | UTER (P/N OR2)
HEATER ! NOZZLE (03
P/IN HE17) (03)
( (UNPLATED)
SCREW (P/N 00135)
(PIN SN1a4) | W/ SHER.
SWITCH ( )
(PIN SW6) | (4 PLACES)
\‘%b
SCREW [
(INTEGRATED)
(PIN SN232)/'@

P/N 0114205

Reaction Cell Assembly

4. Remove two screws (Teledyne APl P/N SN150) and two washers.

5. The reaction cell will separate into two halves, the stainless steel manifold
assembly and the black plastic reaction cell with window gasket, stainless steel
reaction cell sleeve, optical filter and O-rings.

6. The reaction cell (both plastic part and stainless steel sleeve) and optical filter
should be cleaned with Distilled Water (DI - Water) and a clean tissue, and dried
thereafter.

7. Usually it is not necessary to clean the sample and ozone flow orifices since
they are protected by sintered filters.

If tests show that cleaning is necessary.
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8. Do not remove the sample and ozone nozzles. They are Teflon threaded and
require a special tool for reassembly. If necessary, the manifold with nozzles
attached can be cleaned in an ultrasonic bath.

9. Reassemble in proper order and re-attach the reaction cell to the sensor
housing. Reconnect pneumatics and heater connections, then re-attach the
pneumatic sensor assembly and the cleaning procedure is complete.

10. After cleaning the reaction cell, it is also recommended to exchange the ozone
supply air filter chemical .

11. After cleaning, the analyzer span response may drop 10 - 15% in the first 10
days as the reaction cell window conditions. This is normal and does not require
another cleaning.
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REPLACING CRITICAL FLOW ORIFICES

There are several critical flow orifices installed in the T204. Despite the fact that
these flow restrictors are protected by sintered stainless steel filters, they can, on
occasion, clog up, particularly if the instrument is operated without sample filter or
in an environment with very fine, sub-micron particle-size dust.

INLET FITTING

L — (P/N FT10)

O-RING
(PN OR34)
SPRING
SINTERED (PIN HW20)
FILTER :
(PN FL1) :
T O-RING
= (PIN OR86)
CRITICAL FLOW —(&))
ORIFICE

SPECIFY DASH #

FOR FLOW RATE O-RING

(P/N 00094-xxxx) (P/N OR86)

— \ ORIFICE

ORING == HOLDER

(P/N OR39) (PIN 04090)
P/N 04550D

Critical Flow Orifice Assembly

To clean or replace a critical flow orifice:
. Turn off power to the instrument and vacuum pump.

1
2. Remove the analyzer cover and locate the reaction cell
3. Unscrew the 1/8” sample and ozone air tubes from the reaction cell.
4. For orifices on the reaction cell above. Unscrew the orifice holder with a 9/16” wrench.
This part holds all components of the critical flow assembly as shown above

9]

. For orifices in the vacuum manifold: the assembly is similar to the one above except:
Without the orifice holder, P/N 04090, and bottom O-ring, P/N OR34 and; With
an NPT fitting in place of the FT 10 fitting.

(o]

. After taking off the connecting tube, unscrew the NPT fitting.

7. Take out the components of the assembly:
e spring
e sintered filter
e two O-rings
e the orifice
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For the vacuum manifold only, you may need to use a scribe or

Note pressure from the vacuum port to get the parts out of the manifold.

8. Discard the two O-rings and the sintered filter and install new ones.
9. Reassemble the parts as shown above
10. Reinstall the critical flow orifice assembly into the reaction cell manifold or the vacuum manifold.

11. Reconnect all tubing, power up the analyzer and pump. After a warm-up period of 30 minutes, carry out
aleak test .

CHECKING FOR LIGHT LEAKS

When re-assembled or operated improperly, the T204 can develop small gaps around
the PMT, which let stray light from the analyzer surrounding into the PMT housing.
To find such light leaks, follow the procedures below.

CAUTION — QUALIFIED PERSONNEL ONLY
/@ This procedure is carried out with the analyzer running and its cover removed.

1. Scroll the front panel display to show then test function to PMT.

2. Supply zero gas to the analyzer.

3.  With the instrument still running, carefully remove the analyzer cover.

WARNING — ELECTRICAL SHOCK HAZARD
Do NOT touch any of the inside wiring with the metal cover or with your body.

Do NOT drop screws or tools into a running analyzer.

4. Shine a powerful flashlight or portable incandescent light at the inlet and outlet
fitting and at all of the joints of the reaction cell as well as around the PMT housing.

The PMT value should not respond to the light, the PMT signal should remain
steady within its usual noise floor.

5. If there is a PMT response to the external light, symmetrically tighten the reaction
cell mounting screws or replace the 1/4” vacuum tubing with new, black PTFE
tubing (this tubing will fade with time and become transparent).

Often, light leaks are also caused by O-rings being left out of the

Note
assembly.
6. Replace the five desiccant bags in the PMT housing if the PMT housing end
plate was removed during this procedure.
7. Carefully replace the analyzer cover. If tubing was changed, carry out a
pneumatic leak check.
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CHECKING FOR PNEUMATIC LEAKS

CAUTION - TECHNICAL INFORMATION
/@ Do not exceed 15 psi when pressurizing the system during either Simple or
Detailed checks.

SIMPLE VACUUM LEAK AND PUMP CHECK

Leaks are the most common cause of analyzer malfunction. This section presents a
simple leak check, whereas the next section details a more thorough procedure. The
method described here is easy, fast and detects, but does not locate, most leaks. It
also verifies the sample pump condition.

1. Turn the analyzer ON, and allow at least 30 minutes for flows to stabilize.

2. Cap the sample inlet port (cap must be wrench-tight).

3. After several minutes, when the pressures have stabilized, note the SAMP
(sample pressure) and the RCEL (vacuum pressure) readings.

e If both readings are equal to within 10% and less than 10 in-Hg-A, the
instrument is free of large leaks.

e ltis still possible that the instrument has minor leaks.

e If both readings are < 10 in-Hg-A, the pump is in good condition.

e A new pump will create a pressure reading of about 4 in-Hg-A (at sea
level).

DETAILED PRESSURE LEAK CHECK
If a leak cannot be located by the above procedure. Alternatively, a tank of
pressurized gas, with the two-stage regulator adjusted to < 15 psi, a shutoff valve and
a pressure gauge may be used.

ATTENTION COULD DAMAGE INSTRUMENT AND VOID WARRANTY

Once tube fittings have been wetted with soap solution under a
pressurized system, do not apply or reapply vacuum as this will cause
soap solution to be sucked into the instrument, contaminating inside

surfaces.

1. Turn OFF power to the instrument and remove the instrument cover.

2. Install a leak checker or a tank of gas (compressed, oil-free air or nitrogen) as
described above on the sample inlet at the rear panel.

3. Disconnect the pump tubing on the outside rear panel and cap the pump port.
e Cap the DFU particle filter on the sample gas dryer.

4. Pressurize the instrument with the leak checker or tank gas, allowing enough
time to fully pressurize the instrument through the critical flow orifice.

e Check each tube connection (fittings, hose clamps) with soap bubble
solution, looking for fine bubbles.
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¢ Once the fittings have been wetted with soap solution, do not reapply
vacuum as it will draw soap solution into the instrument and contaminate
it.

e Do not exceed 15 psi pressure.

5. If the instrument has the zero and span valve option, the normally closed ports
on each valve should also be separately checked.

6. Connect the leak checker to the normally closed ports and check with soap bubble solution.

7. Once the leak has been located and repaired, the leak-down rate of the
indicated pressure should be less than 1 in-Hg-A (0.4 psi) in 5 minutes after the
pressure is turned off.

8. Clean surfaces from soap solution, reconnect the sample and pump lines and
replace the instrument cover.

9. Restart the analyzer.
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The Reaction Chamber

&

Orifice Holder Assy Reaction Cell Assy
1.  FT0000010 2. OR0000002
2. OR0000034 3. 001330000
3. HWO0000020 4. 002730000
4.  FL0000001 5. 002270000
5. 000940400 (Ozone) 6. 008840000
5. 000940600 (Sample)
6.  OR0000086
7. 040900000
8.  OR0000039
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PMT housing end plate

Pream plifier board
This is the entry for PMT exchange,

PMT insulation

PMT signal (inside housing, around PMT)

connecior

Evacuation pon fitting

PMT supply connector

Insulating gasket
Sensor housing

Photo Multiplier Tube (PMT)
TEC driver connector to preamplifier board
Reaction cell assembly

PMT cold block

12V power
High voltage power supply

connector

Therm o-electric cooler (TEC)
Heat exchange fins

TEC driver board

Cooling fan duct
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T204 Warning Messages
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Possible Warning Messages at Start-Up

MESSAGE

MEANING

SYSTEM RESET!

The computer has rebooted.

ANALOG CAL WARNING

The A/D or at least one D/A channel have not been calibrated.

BOX TEMP WARNING

The temperature inside the T204 chassis is outside the specified limits.

CANNOT DYN SPAN?

Contact closure span calibration failed while DYN_SPAN was set to ON.

CANNOT DYN ZERO®

Contact closure zero calibration failed while DYN_ZERO was set to ON.

CONFIG INITIALIZED

Configuration storage was reset to factory configuration or erased.

DATA INITIALIZED

DAS data storage was erased before the last power up occurred.

OZONE FLOW WARNING

Ozone generator gas flow is too high or too low for accurate NOy, NO and NO; readings.

OZONE GEN OFF *

Ozone generator is off.
This is the only warning message that automatically clears itself.
It clears itself when the ozone generator is turned on.

Upon power up the Ozone generator will remain off for 30 minutes. This allows the perma-
pure dryer to reach its working dew point.

RCELL PRESS WARN

Reaction cell pressure is too high or too low for accurate NOx, NO and NO; readings.

RCELL TEMP WARNING

Reaction cell temperature is too high or too low for accurate NOx, NO and NO readings.

CONV TEMP WARNING

NO; to NO Converter temperature too high or too low to efficiently convert NO; to NO.

PMT TEMP WARNING

PMT temperature outside of warning limits.

AZERO WARN [XXXX]
MV

AutoZero reading too high. The value shown in message indicates auto-zero reading at
time warning was displayed.

HVPS WARNING

High voltage power supply output is too high or too low for proper operation of the PMT.

REAR BOARD NOT DET

CPU unable to communicate with motherboard..

RELAY BOARD WARN

CPU is unable to communicate with the relay PCA.

SAMPLE FLOW WARN

The flow rate of the sample gas is outside the specified limits.

1

Clears 45 minutes after power up.

2 Clears the next time successful zero calibration is performed.

Clears the next time successful span calibration is performed.
Clears 30 minutes after power up.

(DCN 6705)

Page 59 of 81 04/08/2013

Printed documents are UNCONTROLLED

Information contained herein is classified as EAR99 under the U.S. Export Administration Regulations. Export, reexport or diversion contrary to U.S. law is prohibited.




Warning Messages Defined

MESSAGE MEANING
ANALOG CAL WARNING The A/D or at least one D/A channel has not been calibrated.
AZERO WARN Auto-zero reading above limit. Value shown in message indicates auto-zero
reading at time warning was displayed.
BOX TEMP WARNING The temperature inside the T204 chassis is outside the specified limits.
CANNOT DYN SPAN Contact closure span calibration failed while DYN_SPAN was set to ON.
CANNOT DYN ZERO Contact closure zero calibration failed while DYN_ZERO was set to ON.
CONFIG INITIALIZED Configuration storage was reset to factory configuration or erased.
CONV TEMP WARNING NO2 > NO converter temperature outside of warning limit.
DATA INITIALIZED DAS data storage was erased before the last power up occurred.
HVPS WARNING High voltage power supply output outside of warning limits.
O3 ALARM1 WARNING O3 concentration alarm limit #1 exceeded.
O3 ALARM2 WARNING O3 concentration alarm limit #2 exceeded.
O3 CELL TEMP WARN O3 sensor sample temperature outside of warning limit.
O3 CELL PHOTOREF WARN O3 sensor photometer reference signal warning.
O3 CELL LAMP WARN O3 cell lamp temperature warning.
O3 CELL PRESS WARN O3 cell pressure warning.
OZONE FLOW WARNING Ozone Generator flow outside of warning limits.
OZONE GEN OFF Ozone generator is off. This warning message clears itself when the ozone
generator is turned on.
PMT TEMP WARNING PMT temperature outside of warning limits.
RCELL PRESS WARN Reaction cell pressure outside of warning limits.
RCELL TEMP WARNING Reaction cell temperature outside of warning limits.
REAR BOARD NOT DET Motherboard was not detected during power up.
RELAY BOARD WARN CPU is unable to communicate with the relay PCA.
SAMPLE FLOW WARN The flow rate of the sample gas is outside the specified limits.
SYSTEM RESET The computer has rebooted.
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T204 TROUBLESHOOTING TREE

NO POWER I

Wearify that the correctwaoltage ard
frequency are going to thearalyzer

Incarrectvoltage or Frequency

powering the analyzer

Uni b= pl d i RN
Unit plugged into a good socket nit st be plugged intaa S wirs

=fety power input

Check circuit breaker Rieset cinc uit breaker

MO FRONT PANEL OR A LOCKING
LIP DISPLAY

Check if the DCvoltages are bad Yerify proper DC volEgesonthe

relav board test ooints,

Something bringing down 1%

Biac

CPU ar Motherboard has
failed

Followrsaice mote O2H02E,
"Tran thleshantice the PO ATE"

Follourse mice note 05017, hWist
hawe cables 05324 ard 05228
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BAD ELECTRICAL TEST

Bad Preamo ~| FReplace Preamp

Rz place cables goirg from preamp
to motherboard

— Bad Cabling —

Replace Motherbcard (SYear
varmanty part)

— Bad Motherboard —

OPTICAL TEST BAD,
ELECTRICAL TEST OK

Bad HVES Performan HYPE test, measuringac o=
each pinofthe HYFS

Checkoptical test LED, Pullthe LEDow
Bad Optical LED of the cold blockand werify throweh the
sigral |f/Qthat it turrsonand off

Bad PMAT | Replace PMT
—— Bad Preamp | PE2place Preamp
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UNSTABLE READING AT
ZERO, ZERO MNOISE

Parforma leakchackonthe aralyzern Capthe = mple
- Leak in the analvzer | inletardthedrierinktard maks surethe=mple
pre=ure drope<10* ard isequal to the Roell pre=ure

Internal charcoal depleted Replace charcoal ard check witha knowm 2o source

Dirty sample tubing ar
- i | Fzplace tubingor=mmple filter
sample filter

Zero air contarminated fuwitchz=roairsourcesor e place scrubbermaterial in

current source of 22ro air

Opznreactioncellard cleanwith distilled orde-
Dirty reaction cell and PRT ionized waterand a lint free clhthonky, Ao maks oe

filter tocleanthe BEEAMW PMT filter, If it wor't comeclean
orizscatched, replace thefilter,

Prezsure difference from Wratchthe mmple presure, fitcharges morethan
L MO fa WO | 0B between MOand MO, bypa=the corvertern If
the pre=ure i= nowrstable replacethecormeerer, if not
Excessive dark PMT noise Clean PMIT corntact leads withalcohol, 1Fstill noisy,

R=place PMWIT

Excezsive dark HVPS noize Clean HWPS contact sockets withalso bol, Fstill noizy,

Replace HYFS
Excessive dark preamp Cleanshielded preamparea withalsohal, 1fstill noizy,
o Moise replace preamp board
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UNSTABLE READING AT
SPAN, SPAN NOISE

Performa leakcheckonthe aralyzern Capthe=mple
- Leak in the analvzer | inletardthe drierinket ard make surethe=mple
pre=sure drops<10*and isequal to the Roell pre=ure

R L

= Sampleinlet filter dirty | Replace mmple filter
Maoisy high voltage power Clean HYPS socketswithaloobal 1 still moisy, replace
. T HVRE
supply

Op=znreactioncell ard clkeanwith distilled orde-
Caontaminated Reaction cell ionized waterarda lint free clothonby, Ak mMake =e
to cleanthe BESnh PRIT filter, If it won't comeclean

orisscratchad, replace thefilter,

Bad Converter Bypa= the corwerter, [fthe reading is nowstable,

thenreplace the corwernter

Replace the sLEpect valve, The A-z=ro readirg should
Bad A-zero oF NOx/NO bethemmeonzeroandspan. Ifitiz not, thenthaa-
o ) 720 WA lve iz bad, The pre=ure betweenthe MOand
valve NO# modes should not differ moe then 0.5 1fit is,

thanthe NOYMOs valve is bad,

Maisy PRAT Clean PMIT lead=s withalcobol, IF=till noEy, repboe
FMT
— Unstable O3 Generatar Raplace ozone generator

Clean preampcincuitny withaloohol, Maks sure to
— Maisy prearmp s gleanurdertheground shieldand onbothsides ofthe

mraame
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UNABLETO ZERO (MO ZERO

BUTTON)
Performa leakcheckonthe aralyzer Capthe=mple
- Leak in the analvzer | inlztardthe drierinktard make surethe = mple
pre=ure drope<10* ard isequal to the Roell pre=ure
Internal charcoal depleted Replace charsoal ard o heckwitha krom ze o soune

Dirty sample tubing or
- i el R2place tubingormmplefilter
sample filter

Zero air contaminated Suwitchzero airsourcesor replacessrubbermateral in
current sourceof 22roair

Thizcould b= caieed by the HYWFE, PRI, or preamp
rawirg too muchdarkcurrent, Try cleanirg=ach
dewice and ifthat doe=n't belp repBoe eachorne unitil
the culprit isfourd, It coud also be becawEeof
contamirationinthe reactioncell, Cleanthe reaction
cellwithdistilledsde-ionized mater,

= Auto-zero too high S

Mot ernough light iz getting to the PMT, Thisizeither
HYPS gain too high caused because of lowrflowr mtesora dirty 65 S
PMAT filter, Checkflomsand clean PRI filter,

(DCN 6705) Page 65 of 81 04/08/2013
Printed documents are UNCONTROLLED

Information contained herein is classified as EAR99 under the U.S. Export Administration Regulations. Export, reexport or diversion contrary to U.S. law is prohibited.



UNABLETO SPAN (NO SPAN
BUTTON OR MO RESPOMSE

TO SPAN)
Parforma leakchackonthe aralyzern Capthe = mple
- Leak inthe analyzer ] iMletard thedrierinktard make surethe=mple
pre=urz drops<10%and isequal to the Roell pre=ure
hMea=zure mmple flowand ozo ne flow, Replce filtes,
e Mo Flow or Low Flow == ¥ =till ra flow, check far flowrrest ictiors inthe toubing,
Reell pressure too high . Rzell pre=sure should b= A0 He, Ifit is higherthan
10", rebuild the oumo,
jr— Dirty PRAT filter ==l Cleanor Replace GESAMN PRI filter
Perform optical and __| SeeToubleshooting Trees regarding o ptialard
rlertriral tects electrial tests
Concentration too far fram Ifall othertestirg looks good, pedforma factony
target arthe slope is too far calibrationonthe aralyzzerto g=t the slopes back to
1T a0 N D

(DCN 6705) Page 66 of 81 04/08/2013
Printed documents are UNCONTROLLED

Information contained herein is classified as EAR99 under the U.S. Export Administration Regulations. Export, reexport or diversion contrary to U.S. law is prohibited.



HOM-LIMEAR RESPONSE

Performa leakcheckonthearalyzer Capthe=mple
Leak in the analvzer inletand the drier inket ard mMake surethe=mple
pre=ure drope 10" ard isequal to the Reell pre=uns

Slope out of spec. Performa factony calibmtiononthe aralyzzrto gt
T An Ao theslopesbackto 1.00+-0.2

Measure flowr@ates, Should be S00cqf minfarample
ard 80ccy minfor ozore

— Flowe rates incorrect —

Checkzeroand span pointzagain WAt 1S minde=on
EE Ifnproper zero/span " eachsgas, and maks=ure they are correct

Bad bottle of gas Try 8 mewrbottle of gas, Re-z=roand respanthen
checkthe linarity again

— Calibrator not correct e Re-checkthe calibrationofyour MFAC=

If the2 arahyz=r readscorrecty at yourspan point bot
highonyour limearity points, thenthe ozo e e nemEtor

Bad ozone generatar might mot be out putting enoughozo e, Replace ozore
g=remtorto fin the problem
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SLOW RESPONSETO ZERO OR
SPAN

Performa leakcheckonthe aralyzern Capthe=mple
- Leak in the analvzer | inlztard the drierinkt ard make surethe = mpls
pre==ure drope<10% ard isequal to the Roell pre=ure

easure the Flowrwithanestemal flowmeater, It
== Lot flowe | =hould b S00Gs +10%, If ot repbcefiltersard look

frr ractrictinre

Contarninated sample filter Replace mmple particulate filter, takiregcare notto

tauchit withyourfireers, Ue= a glove if nece==mny.

Contaminated reaction cell Cleanthe reactioncellwithdistilled /de-io nized water

arda lint free cloth

Input spanzero gazand wait until the aralyzeris
stable, Dizconrnectthe mmpleinkettothearayzer b
Gas to the analyzeris taking let the cal #gas kee p flowi ng, Wait & mingtes,

— too long to get to the | Reconrect tte mmple lire, Ifit goes right to the

analyzer corcentAtionyouetpect orckozerthanit waswhen

youdisconnected thetubing, thenthecalibmtion

muctam ictha Armklam

HVPS WARNING AFTER FACTORY
CALIBRATION

Performa leakcheckonthe aralyzzrn Capthe=mple
I Leak in the analvzer ] inletard the drierinket ard make sure the=mmple
pre=mure drops<10*and isequalto the Roell pre=ure

el e e

Meazure the flowrates, Should be S0z /minfor
_— Lawe flowe rates | =mpleard@0cc minforozone + 100, 1fthey are ko
replace the filters

— Dirty PRAT filter sl Cleanor Replace the EESNM PIT filter
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AUTO-ZERO WARNING

Record the A-Feroreading after 1 Smindes onspan
Auto-Zero valve bad ardthenl S minutesonzero, tshouldbe the=me,
it iz more thenZmfdifference, replace thevalve,

Input Zero gas, wait 1 5 minutes, matchthe PRIT value
Contarmination in the Rxcell ard thendizconnect theozone gepemtor fromthe top
u of the Reactioncell, [fthe PMTvaluedrops, thersis
contamirationinthe reactioncelland should be

Eitherthe PMT, HWFS, or preamp is caleing a high dark
- High dark offset ======{ offzet, Replace eachpartore atatime urtilthe

Armklamicenluad

MO FLOW

Frant panel particul ate filter

— ] we=e| HReplace front pansl particdatefilter
dirty
Stainless steel sintered Raplace the sintered filter infrontof the critial flowr
- ] . = orifices, located underneaththefittings ontopofthe
filter dirty s R

raartinme-Fambar

Checkfor leaks betweentbe punpard thearalyzer,

Rcell pressureis =14"Hg
1 therzare no leaks, rebuildthe purmp.

Pump seized up or not
- w===s| Rzplace the entire pump

turning

= Pump diaphragm torn === Rebuildthe pump

o throughthe entire arabyzerlookirg foram bant or
Crimped tubing or other flow pinched tubirg, especially nearthe front pareland
rear parel, Disconmect tubingat variows loatiorsin
th= aralyzarchecking for flowrto rarrowtbe problem

restriction in the lines
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NO ANALOG OR INCORRECT
ANALOG OUTPUT

Outputs not properly Performanaralog output calibration, Referto s=mice

calibrated mote 02-020

Lookat the motherboardonthe rear panzeland 115,
Cutput set forvoltage aor 121,ard 122, BEachconrectarthat basa small cing uit
== currentwhen it should be el b0AMd about 2% by 1% isconfigured for current. If it has
tuwn shurtsacro=sthe twio left pirs, ora small 2" by

the other o - )
" circuit board, it isconfigured forvoltage.
— e=d motherbozrd ] Rz place motherboard, (Syearwaranty part)
Maisy outputs Mzed=aralogout put stabilizer board

TEITONN71 4%

ANY TEMPERATURE WARNING

Toggle the heateronand off inthe Sigral 10 menu
wrhile measurirg the AC volEge goire to the heater
= Bad relay " Thizzhould suwitch betweenOWard linevolEas. Fthe
LED i= turnirgonand off but the woltage isn't

MWleazure the resistance of the themmistor inguestion,
It should b2 around 25K ohmeat roomtempe@ture,
| Bad thermistar | Asthe tempemEtur goes up, the resistares will go
dowm, Ifthe thermistor readsopenora short, it is

MWleasure the resistance ofthe beater, It should be le=

— Bad heater === thanlkohrmeinmost cases, fit isopenorshorted, it
= had
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SPECIFICATIONS
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Appendix C
Warranty/Repair Questionnaire

T204
(081564, DCNEI0D)

."" S TELEDYNE
ADVANCED POLLUTION INSTRUMENTATION

Everywhereyoulook”

CUSTOMEE: PHOMNE:

CONTACT NAME: FAX HO.

SITE ADDEESS:

MODEL SEFIAL NO.: FIRMWARE FEEVISION:

1. AFRE THERE ANY FAILURE MESSAGES?

FLEASE COMPLETE THE FOLLOWING TABLE: (NOTE: DEPENDING ON OPTTONS INSTALLED, NOT ALL TEST
PARAMETERS SHOWN BELOW WILL BE AVAILABLE IN YOUR INSTRUMENT)
*IF OPTION IS INSTATLLED

073804 DCMNERID

(DCN 6705)

Information contained herein is classified as EAR99 under the U.S. Export Administration Regulations. Export, reexport or diversion contrary to U.S. law is prohibited.

PAFAMETER FECORDED VALUE ACCEPTABLE VALUE
RANGE FEEEEM 50 FPB TO 20 PPA
035N NA
D3 READ PFBEPM |  —- 1% OF FULL SCALE
FANGE WITH ZERO ATR.
DI STAB PPB/FPM | <4 PPB WITH ZERO AT
03 SLOPE 10=0.15
03 OFF5 PPE | =20 PPB WITH ZERD AIR.
03 NG PPB 50 PPB TO 1000 FPB
03 MEAS MV 750 to 1230 MV
03 RET MV 750 to 1230 MV
DICEL PR PSIA | ~5PSIA = AMBIENT (147
PSIA)
O3SAME TALIP C ANMBIENT = 5°C
DILAF TMP C 51=3°C
NOX 5TB PPBFPM | <1 PPB WITH ZERO ATR.
SANE FLW M 500 = 30
OIGEN FL M B0=15
PMT SIGNAL WITH ZERO MV 30 TO 150
AIR
PMT SIGNAL AT SPAN GAS MV 050000V
CONC PPB 0-20,000 PPB
NORMPAMT SIGNAL AT MV 050000V
SPAN GAS CONC PPB 0-20000PPEB
ATERO MV 30 TO 150
HVFPS v 400 — 900
RCELL TEAP C S0=1°C
BOX TEMP C AMBIENT = 5°C
PMT TEMP C TL2C
IZS TEMP® C 50=1°C
MOLY TEMP C 315 5°C
RCEL NHGA =10
SANP NHGA ~1" = AMBIENT

Teledyne API Technical Support

EMAIL: SDA_techsupport@teledyne.com
TOLL FREE: (800) 324-5190FAX: (858) 657-9816

PHONE: (858) 657-9800
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Appendix C

. o TELEDYNE
Warranty/Repalt Questionnaire ““PN™ ovancep POLLUTION INSTRUMENTATION

) Everywhereyoulook
(081564, DCNE300)

NOX SLOPE 10+03
NOX OFFS MWV -50 TO 150
NO SLOPE 10+03
NO OFFS MWV -50TO 150
ETEST PMT MV 2000 + 1000
OTEST PMT MV 2000 + 1000
WValues are in the Signal 'O
EEF_40%6_MV MV 409600 +2mry and Must be
Stable
EEF_GCND MV 0= 0.5 and Must be Stable

[ )

WHAT AFE THE RCELL, SAMPLE & O3 CELL PRESSURES WITH THE SAMFPLE INLET ON REAR OF MACHINE
CAPPED?

RCELL PRESSURE - MN-HG-A SAMPLE PEESSTURE - MN-HG-A OICELL PRESSTURE- PSIA

3. WHAT AFE THE FATLURE 5YMPTOMS?

[l

WHAT TEST(S) HAVE YOU DONE TEYING TO SOLVE THE FROBLEM?

5. IF POSSIBLE, FLEASE INCLUDE A PORTION OF A STRIP CHART PERTAINING TO THE FROBLEM. CIRCLE
PEETINENT DATA.
THANE YOU FOR PROVIDING THIS INFOFMATION. YOUE ASSISTANCE ENABLES TELEDYNE AFI TO EESPOND

FASTER TO THE PROBLEM THAT YOU ARE ENCOUNTERING.

Teledyne API Technical Support
EMAIL: SDA_techsupport@teledyne.com
PHOME: (858) 657-9800 TOLL FREE: (800) 324-5190FAX: (858) 657-9816

c-2 D7E824 DCNGE0D
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DRAWINGS
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AC POWER CONFIGURATION

The T204 analyzer’s digital components will operate with any of the specified power
regimes. As long as instrument is connected to 100-120 VAC or 220-240 VAC at
either 50 or 60 Hz,. Internally, the status LEDs located on the Relay PCA,
Motherboard and CPU should turn on as soon as the power is supplied.

However, some of the analyzer’s non-digital components, such as the various
internal pump options or the AC powered heaters for the NO, = NO converter the
reaction cell and some of the T204’s must be properly configured for the type of
power being supplied to the instrument.

Configuration of the power circuits is set using several jumper sets located on the
instruments relay PCA.

- / RELAY PCA
JP6

Configuration Jumpers
for Optional AC Heaters
(O2 Sensor, Internal Perm

Tube Oven Heater)

JP2
JP7 Configuration Jumpers
Pump for AC Heaters

Configuration

(Internal Pump
Options Only)

(NO2 > NO converter,
Reaction Cell)

Figure Error! No text of specified style in document.-1: Location of AC power Configuration Jumpers
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AC CONFIGURATION — INTERNAL PUMP (JP7)

If your T204 includes an internal pump the following table, jumper set JP7 is used to
configure the power supplied to it as shown in Error! Reference source not found..

AC Power Configuration for Internal Pumps (JP7)

JUMPER
LINE LINE JUMPER
POWER FREQUENCY COLOR FUNCTION BE'IP'}/'\\l/IéEN
Connects pump pin 3to 110/ 115 VAC power line 2to 7
60 HZ WHITE Connects pump pin 3to 110/ 115 VAC power line 3to8
110VAC Connects pump pins 2 & 4 to Neutral 4109
115 VAC Connects pump pin 3to 110/ 115 VAC power line 2to 7
50 HZ" BLACK Connects pump pin 3to 110/ 115 VAC power line 3to8
Connects pump pins 2 & 4 to Neutral 4t09
Connects pump pins 3 and 4 together 1to6
60 HZ BROWN - -
220VAC Connects pump pin 1 to 220 / 240VAC power line 3to8
240 VAC 1 Connects pump pins 3 and 4 together 1to6
50 HZ BLUE . .
Connects pump pin 1 to 220 / 240VAC power line 3to8
LA jumper between pins 5 and 10 may be present on the jumper plug assembly, but has no function on the Model T204.

110 VAC /115 VAC 220 VAC /240 VAC

--@

R, - A,

AR | A

oa A W N

May be present on 50 Hz version of
jumper set, but is not functional on
the T200

Pump AC Power Jumpers (JP7)
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AC CONFIGURATION — STANDARD HEATERS (JP2)

Power configuration for the AC the standard heaters is set using Jumper set JP2

Power Configuration for Standard AC Heaters (JP2)

JUMPER JUMPER
LINE VOLTAGE HEATER(S) BETWEEN FUNCTION
COLOR
PINS
1to 8 Common
Reaction Cell / Sample
Chamber Heaters 2to7 Neutral to Load
110 VAC /115 VAC 4109 Neutral to Load
50Hz & 60 Hz WHITE
31010 Common
Moly Converter 4109 Neutral to Load
6to 11 Neutral to Load
Reaction Cell / Sample
220 VAC /240 VAC BLUE Chamber Heaters lto7 Load
50Hz & 60 Hz
Moly Converter 3to9 Load
1 7 1 | ! ! 7
Reaction Cell = W Reaction Cell
Heaters 2 8 2 E ! Heaters

-
NO, = NO 3 = 9 3 m ? NO, = NO
Converter Heaters 4 10 4 ! ! I—.l 10 Converter Heaters
o\ DRODR [ o) [ |-
o DR = o| DD |-

110 VAC /115 VAC 220 VAC / 240 VAC

Typical Set Up of AC Heater Jumper Set (JP2)
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DOM with ( Y} Motherboard
Wi °
Software ] e ‘ X . Bie
orware 7 @M. L-Fan Assy
|:| ‘ Bl =
® ¥ %R )
B © ®.. . O .L\\. 2 I
=] b Mo iy, ' ek P
c® O | _Power
CPUPCA-T] ° o O
7=
J . Vacuum
Ozone |p o mmanifold
Dryer —IMH Assy
o] o
Sample °
Dryer > | 5V Power
Supply
Pressure/ o Q
Flow
Sensor lg‘umm - |12V Power
LA R Supply
TEC Assy— - B |_Molycon w/
TEE Driver/-/ brir “ ! O3 Destruct
PCA™ | 0 9
J D ° o AutoZero
O o
Cooler/‘/ ® 5 . B . Valve
Fan °ll ®° 0,a ; %o Il NO/NOx
i : Sl Valve
Sensor 5] ® 3 ve @ .
Assy i | - O3 Sensor
Reaction Il —}"‘ﬂ el -2 ® EEEHe { i
Cell Assy _ ©) o N UV Lamp
PMT Ji' oo hesy
P
Preamp O3 Cleanser
PCA
O3 Generator
Sample ON/OFF
Filter— Switch
Touchscreen
Interface__| Control
PCA Module
Internal Chassis Layout
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O3 Sensor

FT0000414
—OR0000037 TEE, 55 10-32. 1/4 TUBE
| ommc,amav
!
| J
ORO0CO0S0
[ oromen oraseann GRING, 2104V
| WINDOW GUARTS, 1/2D I

MAHIFOLD LT
SHOD0O193 X2 l \ CRODCCOPS
SCW 55 74X1 . % CRING, 2-1085
oasan0000 8
RETAINER, WINDOW —Fooeaz1e

- -
12000 - 1
- SNOOCO181 X2 - 9 q o1/
% W5H SLI584 P @ ELBOW 55, #1070 174
Ramthl .
OROCO00ZS
ORING, 2012V

SHOO0007F 22
| >
. T =2
HINDO00Z77 X2
s GPOO00CET
WINDOW GUARTS, 1/2D
10000 x2

WSH SHLDE4
SCW FH S5 #4X1/4

0456190000
MAHIRCLD!

SHOD00251

scwﬂxar&\

STEP 2
ASSY OUTLET MANIFOLD

ASSY INLET MANIFOLD

AN

0445670000
LAMP, BLK

050200000
APERATURE FLATE,
EPOXT 7O LANIF BLE
— USING CHOS-

073530100

PCA, O3 BENCH SHOOO00OS X5
STEP 3 SCW PH 35, #46X3/8

40000005 X2
SCW FH 55, #6X3/8
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TUDDDOC30
TUBING TYGON

SHOO0000S X&
SCW 55 78X3/8
HWO00033P X6
WSH HYLON, #6

660000
ASSYA, UV LAMP:
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Service Notes
10-020B T SERIES FIRMWARE UPDATE
10-021C T SERIES TOUCH SCREEN CALIBRATION
11-002A Installing a reference scrubber in a 465L NEMA Instrument
11-005B Troubleshooting a T series display
11-009A Installation of a Sample Conditioner into an M200E or T200 Analyzer
13-002B PMT Adjustment NOX
13-009A How to replace the TEC in SOX and NOX Analyzer

14-009A Troubleshooting T-Series with Analog and Digital Voltage Issues
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