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Preface

This Operating & Mintenance (& manual contains information for
use .bg_ operating personnel of the Dasibi Environmental Corporation
(Dasibi) Series 1008 Utraviolet (UV) Photonetric Ozone Analyzer,
also referred to herein as the wunit or instrument. =~ This
information includes descriptions of installation, theories of
operation, basic operation, calibration, preventive & corrective
mai nt enance procedures and troubl eshooting techniques for the unit.

Experience indicates that the user wll obtain maxi num performnce
and utility from the instrument when tme has been spent studying
the information provided herein. It is therefore recomended that

this manual be fully reviewed before proceeding with installation
and comm ssioning of the unit.

Dasi bi continually strives to remain current with the |atest

el ectronic devel opnents. Har dwar e/ sof tware  inmprovenents are
incorporated into 1ts products as soon as devel opment and testing
have been acconpli shed. Sonetimes, due to printing and shipping

requi renents, these changes are not immediately incorporated into
the manuals, but are rather presented as individual technical
update pages provided in Appendix C Information  about
modi fications that have taken place since the colgyright date listed
on the front page of this manual, are detailed there; It is highly
recommended that this section be reviewed for any unit purchased.

Modi fications that have occurred since the |ast cop?/right date of
this manual will be carried in Appendix C until they may be
permanently entered into the nmanual . If no update pages are
Included in this section, then this manual is correct as printed.
Any feature described in this section that is applicable to the
unit shipped with this manual will have an asterisk (*) hand-
witten next to its listing in the Table of Contents when this
manual is inspected before shipment. Although every effort is made
to keep the nmanual accurate and up-to-date, it is possible that
errors have been nade. If an error in the manual is found, or
further information or assistance is desired, please contact
Dasibi’s sales department.

Dasibi Environmental Corporation

506 Paula Avenue

Glendale, CA 91201

Phone #: (818) 247-7601 Fax #: (818) 247-7614

This manual was_ prepared exclusively for use by the owners of the
Series 1008. The material containéd herein is proprietary and is

to be used only for the purpose of operating this product.  Any
other use or duplication wthout prior witten consent of Dasibi is
prohi bi ted. Any nodifications made to the unit wthout prior,

witten consent of Dasibi may void the following warranty.
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Warranty

This warranty covers two specific areas that may occur after
delivery to the original purchaser by Dasibi, or by an authorized
Dasi bi "representative:

1) Defective instrument operation according to guaranteed
performance specifications.

2) Defects in materials or workmanship.

The warranty is applicable, provided that inspection and analysis
by Dasibi discloses that any defects in instrunent perfornmance or
defects in materials and workmanship devel oped under normal and
proper use, and that the instrunent was maintained and operated in
accordance with the operations and service manuals supplied wth
the instrument. Dasibi wll be released from all obligations under
this warranty in the event repairs or nodifications to the
i nstrument have been nmade by persons oOther than Dasibi’s own
representatives, unless such repairs were nmade with the prior,

witten consent of Dasibi.

Any item clained to be defective nust be returned to Dasibi,

transportation charges prepaid, and will be re-shipped to the
customer collect, unless the itemis actually’ found to be
defective, 1in which case, Dasibi wll pay transportation charges.

Defective Instrument Operation

Dasi bi agrees to correct any unit that does not function within the
limts of the published perfornmance specifications, either by
repair or, at the option of Dasibi, by replacenent, for _

after delivery to the original purchaser, the only exception being

consumabl e itens.
Defective Materials or Workmanship

Dasi bi agrees to correct any defects in materials or workmanship in
any unit either by repair or, at the option of Dasibi, by
repl acement, subject to the follow ng conditions:

1. Dasi bi extends to the original purchaser a two vyear warranty
on all Dasibi-manufactured electronic parts and a one vear
warranty on all Dasibi-manufactured nechanical parts.

2. Dasi bi extends to the custoner whatever dated warranty is
gl ven to Dasibi by the suppliers of conponent itens purchased
y Dasibi and incorporated into the instrunent.

3. This warranty does not cover expendable itens, because their
duration and performance may vary from case-to-case.
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Claims for Damaged Shipments and Shipping Errors

Damaged Shipments

Merchandi se  should be inspected immediately upon receipt as

described in Section One of this nanual. A packing list is
supplied with every shipment, and all itens received should be
checked against this list. |f there appears to be shipping damage,
both the carrier and Dasibi should be notified imediately (if the

instrunment appears to have only operational problens not associated
with shipping damage, only DaSibi should be notified).

Claims for Shipping Discrepancies
It is inportant to check the contents of all shipnents pronptly
agai nst the packing list. Dasibi reserves the right to disavow all
clains of deficiency that are not pronptly reported.

If aclaimis to be made, report the follow ng:

1. Sales Order Number

2. Purchase Order Nunber
3. Model Nunber

4, Serial Nunber

5.

Date Received

In addition, the follow ng documents may be necessary to support a
claim for shipping danage:

1. Copy of original invoice

2. Copy of packing Iist _ _

3. Oi1ginal freight bill and bill of lading _

4. Photos of danmaged equipment and container (if possible)

Conditions of Shipment

F. O.B. DESTINATION neans that Dasibi pays all expenses and assumes
all risks until actual delivery of the nerchandise at the point
agreed upon with the buyer.

F.O. B. GLENDALE neans that the purchaser will pay all expenses and
assunes all risks of merchandi se damage.
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2)

5)

6)

Procedure For Returns/Repairs

Contact Dasi bi to describe the problem Gotain a return
authorization nunber from the sales/service department. This
nunmber aids Dasibi in "tracking" returned items and in
determ ning whether or not the itemis still under warranty,
or considered out-of-warranty.

Warranty ltems: Pl ease enclose a witten description of the exact
problem as accurately as possible. If strip charts or other
such test docunents "are available, please include copies of
them in the return shipnent as they will help in the swft
troubl eshooting of described problemns.

Out-of-Warranty ltems: Providing a witten description of the exact
problem as accurately as possible, gQuarantees that Dasibi
technicians will only performrepair work on the requested
areas. |If additional repairs/upgrades are desirable, Dasibi
custoner service will notify the customer to first obtain
approval .

Upon receipt of an out-of-warranty item Dasibi wll draft an
estimate of the repair work required (there is no charge for

this). The estimate will contain probable replacement

parts/assenblies and the respective costs of each. I'n
addition, there will be an estimate of "hands on" |abor tine.

Dasibi’s service departnent will contact the customer with the
initial estimate. Dasibi will not complete the required work
until proper authorization fromthe custoner is obtained.
Because of the nature of some problens, though, sone repair
work may have to be performed before authorization is obtained
in order to draft the initial estinate.

If repair work is going to exceed the initial estinmate, Dasibi
will draft an estimate revision, Pprovide an explanation for
the additional work required, and submit this to the custoner
for re-approval. Once such approval is either given, or
denied, work wll comence. This prevents any unauthorized

work from being perforned.

Dasibi wll ship repaired out-of-warranty items back to the
customer with appropriate strip charts“and quality control

reports verifying performance, along with a detailed listing
of all replaced parts and assenblies. Dasibi will return any
repl aced conponent upon custoner reauest onl v

\Y
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Operating Warning Information

* %% DANCER * % %
TOXI C EXHAUST GAS

Rout e exhaust gas fromrear panel outlet to
outside vent or |aboratory fume hood through
tubing with an 0 D. of 1/4-inch and an |.D. “of
1/8-inch or greater.

* k% DA,\KER * %k
ELECTRI CAL SHOCK HAZARD

There exists HGH VOLTAGE within I:gfortions of

the circuitry of this analyzer. ease refer
to material Wi t hin this manual bef ore

perflcfjrm' ng any servicing inside the unit,
itself.

Vi
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EPA Designation

The Dasibi Model 1008-AH, -PC, and =-RS UV Photometric Ozone
Analyzers have been designated by the United States Environmental
Protection Agency as reference methods for the measurement of
ambient air concentrations of ozone pursuant with the requirements
of 40 CFR Part 53 (published in the Federal Register, Volume 40,
page 7049, February 18, 1975).

Designated Reference Method Number: EQOA-0383-056
EPA Designation Date: March 10, 1983

The Dasibi Model 1008-AH, -PC, and -RS UV Photometric Ozone
Analyzers meet EPA designated equivalent method requirements when
operated under the following conditions:

Concentration Ranges: 0 - 0.5 ppm and 0 - 1.0 ppm
Line Voltage Range: 105 - 125 vac
Temperature Range: 20° ¢ - 30° C

The analyzers must be operated and maintained according to the
Operating and Maintenance Manual to conform to the EPA Designation
requirements.

vii
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DASIBI ENVIRONMENTAL CORP.

TM920805

EC Declaration of Conformity

Name of Manufacturer:

Address of Manufacturer:

Declares that the products:

Product Name:

Model Numbers:

Dasibi Environmental Corporation

506 Paula Avenue
Glendale, CA 91201
U.S.A. )

Series 1008 U.V. Photometric
Ozone Analyzers

1008-AH, 1008-HC, 1008-PC,
1008-PS, 1008-RS

Conforms to the following Product Specifications/Standards:

EMC:

Relevant Directives:

EMC Directive (89/336/EEC)

Date of issue:
December, 1996

viii

EN50081-1
EN50082-1
IEC 801-2

Authorized Signatory
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1.0 | NTRODUCT! ON

1.1 Purpose and Organi zati on of WMnual

This o&M nmanual presents operating and service information for
the Dasibi Mdel 1008-aH, -PC, -RS, and -HC W Photonetric Ozone

Anal yzers. Past experience indicates that the user wll obtain
maxi num performance from the instrument when tine has been spent
studying this information, It is therefore recommended that this
manual be reviewed before installing, operating or servicing the
anal yzer.

The information is presented in seven sections which include
a description of the instrunent design and operating theory, as
well as discussions of its installation, operation, and
mai nt enance. Appendi ces include specialized information on the
1008-HC (high concentration) unit, general instrument calibration
procedures, update information to this manual (when applicable),
and general references for further information. For each section,
the information is presented as descriptive text, followed by the

referenced figures, 1in order, at the end of the section. The
information presented is outlined in Table |-1, below
TABLE 1-1
Qutline of Organization of Manual
Section Topi cs Covered
1 CGener al I nstrument descri ption, per f or mance
specifications, and physical characteristics.
2 Instrument installation.
3 I nstrument description.
4 Theory of operation.
5 Routine operation.
6 Mai nt enance procedures.
7 Repl acenent parts lists.
Appendi x A Model 1008-HC (high concentration)
i nformation.
Appendi x B Instrument calibration.
Appendix C Manual update information (as appropriate).

Appendix D Ref er ences
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Included with this manual is the final factory quality control
report for the analyzer, which includes recorder traces wth zero
and span gas that were obtained during final factory testing prior
to its shipnent. These data are of great value in determning if
the analyzer, as received by the user, has experienced any change
in performance due to shippi ng problens. The user is encouraged to
recheck the performance of the instrunment immediately after
installation by running a zero and span record to-ensure that the
factory results can be duplicated.

1.2 Description of |nstrunent

1.2.1 Functional Description

The basic analyzer is a self-contained instrunment which
nmeasures the concentration of ozone in anbient air. This is
acconpl i shed by nmeasuring the absorption of ultraviolet (W) I|ight
in a sanple of gas flow ng through the optics bench (often called
an absorption cell) contained in the instrunent. The instrument is
designed to provide a highly stable neasurenent capability for
extended periods w thout repeated adjustnents, and it operates over
a wide range of anbient conditions wthout adverse effects on
measur ement — accuracy.

The analyzer is a conponent in a system whose end purpose is
to provide a continuous stream of high quality, .non-anmbiguous,
ozone concentration data. The feasibility of this systemis
predi cated on good design, proper system maintenance and frequent
performance checks.

The analyzer is available in four different configurations
\ghitc_h arseodi scussed briefly below and presented in detail in
ection 3.0.

1.2.1.1 Basic Air Mnitor (Mdel 1008-aH)

This configuration of the analyzer is used to determne the
| evel of ozone 1n anbient air and has been designated by the U S
EPA as an equival ent nethod. This configuration represents the
"basic" anal yzer.

1.2.1.2 Monitor Wth Internal Zero/Span Checks (Mdel 1008-RS)

The addition to the basic analyzer of an internal ozonator,
sel ection val ve, scrubber, JJuer, and flowreter allows both zero and
span gases to be generated and utilized within the analyzer for
manual or renote self-check purposes.

1.2.1.3 Qzone Calibration Standard (Mdel 1008-PC or 1008-PS)

The basic analyzer may be configured as a WV photoneter
calibrator in accordance with EPA regulations (commonly referred to
as a transfer standard, or the Mdel 1008-PC). This configuration
includes an ozonator, valve, scrubber, punmp, and flow meter.

|-2
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The catalytic converter used in the transfer standard may be
removed, and the sanple handling system nodified to incorporate use
of an additional internal manifold used in conjunction with an
external zero air source (commonly referred to as a prinmary
standard, or Mdel 1008-PS).

1.2.1.4 H gh Concentration Mnitor (Mdel 1008-HC)

Model 1008-HC is electronically and functionally identical to
Model 1008-AH except that it neasures much higher ozone
concentrations (from O to 10 percent by weight, or 0 to 60,350 ppm
by volune). The special features are described in Appendix A

1.2.2 Physical Characteristics

The physical characteristics of the analyzer are presented in
Table |-2.

TABLE [ -2
Physical Characteristics
Dasi bi Mbdel 1008

Di mensi ons: Ww- 17.20 in (43.69 cm
H- 525 in (13.34 cm
D - 22.50 in (57.15 cm)

Wei ght (including punp): 28 |Ibs (12.73 kg)

Power : 105-125v AC, 50/60 Hz
220~-240v AC, s0/60 Hz
100v AC, 50/60 Hz

Options: Rack nmounting, Rs232c interface, dual ozone output
generator, Isolated Analog Qutput or 4/20 mA Qutput.

1.2.3 Qperation

Sanple gas is continually supplied to the optics bench by a
sel f-contained punp and sanple handling system The intensity of
the W light beamtraversing the optics bench is attenuated in
proportion to the concentration of ozone present in thhe sargpl? as
prescribed by the Beer-Lanbert Law (Beer's Law). This signal 1s
detected and processed digitally for presentation by the readout
system

Two reference subsystems ensure a high degree of nmeasurenent
stability by correcting for variations 1Nh source intensity and
detector response, and interference conponents in the sanple gas.
Self-zeroing and interference renoval is acconplished by conparison

of alternate sanple and reference neasurenents. Because of the
operation of these reference, zeroing and interference renoval
subsystens, there is virtually no span or zero drift. These
features are described in detail in Sections 3.0 and 4.0.
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All operating controls are contained on the front panel. The
ozone concentration is indicated on the digital display nmounted on

the front panel and is also provided at rear panel termnals as an
anal og signal. The various operational and sanple gas inlet

connections, filters and conditioning elenents are also mounted on
the rear panel for accessibility and ease of replacenent.

1.2. 4 Mai nt enance

Al systems are designed for reliability and ease of
mai nt enance.  Electronic conponents are mounted on plug-in printed
circuit boards, so that equipnment operation can be restored quickly

in the event of a conponent failure.
1.2.5 Per f or mance

The performance specifications of the analyzer and optional
ozone generator are presented in Tables 1-3 and 1-4, respectively.
The instrunent will operate within these specifications under the
conditions |[isted.

TABLE 1-3
Anal yzer Performance Specifications
Dasi bi Model 1008

Range: 0 0.5, 0~1.0 ppm* (instrunent
can read higher than 1 ppn)
Noi se: +0.001 ppm
Fl ow Rate: 2 1/min (nom nal)
Preci si on: 0.001 ppm
Linearity: +0.001 ppm
Tenperature Range: 0-45° ¢
Pressure Range: 0.66-1.20 atm (500-900 torr)
Zero Drift:
Display & digital outputs: Zero
Anal og out puts: +0.5% of digital reading
Span Drift:
Display & digital outputs: Zero
Anal og CQutputs: +0.5% of digital reading
Zero Ofset: édjpupsbt acEJrI etéogg 888 ”]1 g% ggg 8¥
10 ppb (specify when ordering)
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Response Time (99% final

Cycle Time:

Ozone Concentration Corrections:

Tenperature
Pressure
Anal og Qut put

Digital CQutputs:
Di spl ay
RS- 232C

* The i nstrunent
continuously from 0.001

does not

desi gnated Tange requirenents for

val ue):

ppm to 1.000

TMD20805

50 Seconds _

20 Seconds (No Averaging)
Updated reading every 10
seconds

+0.3° ¢

+0.003 atm (2 torr)

Standard 1 volt
any 3 17its
selectable).
avai | abl e.

for % pgg((w{th
ispla
Q her raﬁgeg

5 Dgits
Opt i onal

h itch, but
ave a_range sw Crreetsuthge%gi

. m It
0.5 Fz:lrr)]d 1.0 ppm

TABLE 1-4

Ozone Cenerator
Dasi bi

out put :
Stability:
Response Ti ne:
Manual Control
Automatic Control
Drift:
Manual
Aut omati c

Contr ol
Cont r ol

Not es :

The Automatic Control

gener at or

The WV Phot onet er
generator only in Model

Photonetric system to be used for th
necessarily operating on the
nore details,

ozone anal yzers not
W Photonetry. For

(Digital
by the UV Photoneter qnlv applies to Mdel

-9

Performance Specifications
Model s 1008-PC & 1008-RS

0.040-1.000 ppm @ 5-6 1/min
+0.002 ppm @ 0.500 ppm

2 Mnutes
5-10 Mnutes (1008=-PC)

1% per week
Zero (1008-PC)

the ozone
1008-PC.

Feedback) of

is used in conjunction with the ozone
1008~PC in order

to provide a w
the calibration of other
rinciple of
see Reference 11.
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2.0 | NSTALLATI ON
2.1 Gener al

This section of the manual describes installation of the
i nstrument. It is advisable to read this section before
installation is begun. The information presented includes
receiving. inspection, and pneumatic, electrical, and recorder

connecti ons.

2.2 Receiving | nspection

The instrument was carefully inspected and packed prior to
shipment. After the instrunent has been delivered, please check
the follow ng:

1. Verify that the package contents are conplete as ordered.

2. | nspect the instrument for external physical damage due
to shipping such as scratched or dented panel surfaces,
broken knobs or connectors, etc.

3. Renove the instrunent cover and renove all interior foam
packi ng and save for future shipnments. Mke note of how
the foam packing was installed.

4, Inspect Interior of instrunent for danmmge, broken
conponents, loose circuit boards, etc. Make sure that
all of the circuit boards are conpletely secured (Ioose
boards could short-out the motherboard). If no damage is
evident, the instrunent is ready for installation and
operation. If any damage due to shipping is encountered,
pl ease contact Dasibi (see preface page iv, "claims for
Damaged Shipments and Shipping Errors").

5, | f shipping danmage is found, and it beconmes necessary to
return the instrument, please repack it in the same way
it was delivered (using both the Dasibi shipping
container and the internal foam packing material).

6. The Dasibi shipping box and interior packing materials
are specifically made for shipment of the unit. Thi's
material should be retained for future possible re-
shipment to Dasibi in case subsequent service or warranty
conditions should occur. _

1. If it becones necessary to return the instrument to
Dasibi at some future time, and the original shipping
materials and contai ner cannot be found or were not
saved, please contact the Dasibi sales office before re-
shi pment., with the nodel nunber of your instrunent, and
we can sell you the appropriate shipping container and
materials to prevent damage to the instrunment during
shipping. 1t is not recommended that the _instrument_be
shipped using shipping materials and containers unsuited
for the purpose.
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2.3 Installation

The installation of the instrunent consists of connecting the
sanple tubing to the sanple gas inlet fitting located on the rear
panel shown in Figures 2-1, 2-2, 2-3, and 2-4. In addition to the

pneurmatic fitting, the primary power and the.recorder si gnal
connections are also located on the back panel.

2.3.1 Gas Sanpling Requirenents

The sanple inlet line connection should be made with 1/4 inch
(0.64 cm) QD Teflon tubing (not supplied). Renmove the nut on
the inlet bul khead connector and slip it over the end of the tube.
Insert this into the connector marked INLET and tighten the nut
finger-tight. This connector is off-white in color, because it is
made of Kynar, a fluoroplastic simlar to Teflon which does not
react with ozone.

_ CAUTI ON o
To avoid damage to the fitting, do
not over-tighten.

The entrance of the sanpling system should have provision for
a water drop-out, or some way to ensure that water (i.e., rain)
cannot enter the system It should be placed as far as possible
from any sources that could contamnate the sanple.

Since the analyzer is an optical instrument, it is possible
that particulate in the gas sanple could cause interference in the
ozone readings, although the sanpling/referencing cyclic operation
of the instrument is designed to elimnate such interference.

However, in order to avoid frequent cleaning of the optics and
flow handling conponents, it is recommended that the Teflon filter
(that comes standard on the inlet port) should be installed in the
inlet line, especially if the nonitoring site is in the area of

high particulate concentrations. It has been determned that a 0.5
mcron Teflon filter will not degrade the ozone concentration in
the air sanple if the filter is clean. However, if dirt builds up
on the filter, it wll destroy some of the ozone in the sanple.

Therefore, if a filter is to be used, it nust be changed regularly
(see Muintenance Schedule Check List, Tables 6-2 and 6-3) and
should be held in a Teflon filter holder.

Some users feel that filter maintenance nmay not be reliably
performed and that this wll put an unknown factor into the data,
and they prefer to nonitor without the use of a filter. If a
filter is used, all calibrations should be done with the filter in-
line so that any effect the filter may have on the sample wll be
i ncluded in the span. Sanple air should be drawn through a
standard glass or Teflon manifold with enough flow to ensure the
sanple residence tinme in the filter is less than 10 seconds.

2-2
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The instrunent does not use any reagents and is safe to vent
into a working area. The exhaust is actually anbient air with some
ozone renoved. For this reason, the exhaust should also be
Prevented from reentering the sanple system

2.3.2 El ectrical Connection

The instrunent is designed to operate on standard, single
phase AC electrical power, 50-60 Hz and 105-125 or 220-240 volts.
A three conductor power cable is supplied with the instrunent. The
round pin on the plug is the ground lead and is connected to the
instrument chassis. To provide protection to personnel when
operating the instrument on a two wire receptacle, use a three
rong adapter plug and connect the pigtail wire to the power outlet
oXx or to a nearby ground such as a water pipe.

HAZARD WARNI NG

Qperating the instrunment wthout a
proper third wire ground is a
dangerous electrical practice.

If a DC to AC inverter is used as the power source, it should
be capable of delivering 125 watts within the specified line
frequency and voltage ranges and should have a sine wave output.
Sone inverters have a square wave output which will cause the
instrument to mal function.

NOTE

This equi pment shoul d not be used in
the presence of high electric and
magnetic fields (>0.1v/m and >0.1A/m
50 Hz - 1 Ghz) due to the very
sensitive nature of its detection
system

2.3.3 Recorder Connection

[f a strip chart recorder is used, it should be connected so
that the high side of the recorder is connected th the RE R
term nal marked (+) on the rear of the instrunent. he Tow side is

connected to (-) which is chassis grounded.
The nom nal analog output i's 1.000 volts for 1.000 ppm

Other, nore sensitive ranges can be used, e.g., 100 mv for 1.000

m, or 10 nv for 1.000 ppm This requires "an adjustnent of the
EEC(RDER_SPAN potentiometer on the front panel of the instrument or
a specific request when ordering.
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Al recorder and renote control connections should be kept as
short as possible (not greater than 1om) and always use a braided
screened multicore cable where the braided screen is only connected
at the 1008 instrument rear ground/0V ternminal, the far end of the
cable screen being left unconnected and insulated. The screen MJST
{\I_OT be used as a 0volt return path for recorder or control signal
i nes.

2-4
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FITTING, Nylon GUARD, FINGER TERMINAL STRIP
(A-0261) (150082 ) ( A0222 )
o)

EXHAUST REC
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2x
® ®

RACK PANEL
(Z—0464)_\ NLET our W
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®
o) /‘ POWER 3 AMP o)
| l \
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SYM DESCRIPTION Qty
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D HEAT SHRINK TUBING AIR
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Figure 2-1 Back Panel (Mbdel 1008-AH)
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X 3X
FITTING GUARD, FINGER FITTING
[ ( A-0262) [ (S0082) / ( A-0260)

FITTING
(A-0261) 3 OZONE OUTPUTS

Y

9

EXHAUST

)
/'@ DASIBINET / RS232
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E SPIRAL WRAP AR

Figure 22 Back Panel (Mdel 1008-PC)
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RS232 CABLE CONN. GUARD, FINGER
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Figure 2-3 Back Panel (Mdel 1008-RS)
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TMB20805
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3.0 | NSTRUVENT DESCRI PTI ON
3.1 Gener al

This section provides a brief physical and operational
description of the instrument. Further operating details and
theory are provided in Section 4.0, Principle of Operation. The
two sections should be read together to obtain a full overview of

the instrunent's construction and capabilities.  Section 5.0
describes instrunent adjustments for routine operation.

3.2 ot i cal

3.2.1 Lamp

The source of WV radiation is a |low pressure, cold cathode,
mercury vapor lanp with 92% of its output concentrated at the 253.7
nm emssion line, where absorption by ozone is maxim zed.
Em ssion at wavel engths shorter than 200 nm is elimnated by an
Qzone-free quartz shielding around the source. Presence of the
shielding prevents any emssion at 185 nm an enmission line which
generates ozone.

3.2.2 Det ect or

The detector is a "solar blind" Cesium Telluride vacuum di ode
with a broad passband centered near 253.7 nm  The total optical
selectivity of the lanp and detector together is such that better
than 99.5% of the detector current is due to 253.7 nm |light.

3.2.3 Optics Bench

The optics bench (absorption cell) is a 71 cm folded chamber
consisting of stainless steel tubes and quartz W ndows to
physically isolate the gas from the lanp and detectors, and quartz
mrrors munted in a triangular optical block to reflect the W

l'ight through 180°.
3.3 Pneunati c
3.3.1 Gas Val ve(s)

The gas valve is a dual-input/single-output teflon diaphragm
val ve. It is operated by a plunger actuated by a +24 V solenoid,
which is turned on and off bty a signal from the electronic sub-
system timng circuitry. It is connected in such a way as to
performthe function of either swtching_the sanple gas or the
reference gas into the absorption cell. ~There nmay be up to two
valves in the unit, depending upon its configuration. |n the Mdel
1008~RS, there is a second valve used for renote activation,
allowing the unit to performrenote zero and/or span "self-checks".
The 1008-RS renpte valve would be located nearer the back panel.
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Required replacement parts for the gas valve, such as %}rin S
and diaphragnms, etc. are available from Dasibi. However, Dbecause
of the calibration requirements after re-assenbly, it is strongly
reconmmended that the user does not attempt to service or replace
parts associated with the gas valve (see following note).

NOTE

If any users wish to service the gas
val ve, or disassenble and/or replace
any parts for whatever reason, they
are hereby notified that they do so
at their own risk.

3.3.2 FIl owmet er

The analyzer's front panel flow indicator is plunbed between
t he out1put port of the optics bench and the instrunent exhaust
port. he flow rate is determned by the flush delay time and the
ozone scrubber requirenents (the ozone neasurement is independent
of flow rate). For a given flush delay time, T, a lower limt of
the flow rate is defined by the need to flush the system conpletely
during time T. This lower limt is 1.5 1/min. An upper flow rate
limt of approximately 3.5 1/min is defined by the rate of the
reaction of ozone to diatomic oxygen in the catalytic scrubber:
higher flows will not give the scrubber tine to do Its job.

If the unit is a Mdel 1008-PC, 1008~PS or 1008-RS, there wll
be two flow neters on the front panel. The second one, for the
ozone generating subsystem has an upper range of 6 liters per
m nute and woul d be |ocated on the left side of the front panel
(when looking at the unit from the front).

3.3.3 Pump (s)

The punp, which pulls sanple through the system is an AC
di aphragm vacuum punp utilizing a Teflon coated synthetic rubber
di aphragm It is capable of 15 inches of water vacuum at
2.5 1/min, which is nuch nore than adequate for the anal yzer's
requi rements.

If the unit purchased is a Mdel 1008-PC, 1008~PS Oor 1008-RS,
there will be a second punp for the ozone generator's flow Thi's
pump, which is also an AC di aphragm vacuum punp utilizing a Teflon
coated synthetic rubber diaphragm is capable of nore than
5.5 liters per mnutes of flow

3.3.4 Fittings and Tubing

In order to maintain sanple integrity, all fittings and tubing
In contact with ozone containing sanple are Teflon or Kynar. Kynar
is a fluoroplastic, off-white 1n color, wth chemcal properties
simlar to Teflon, but superior in mechanical strength. Al other
fittings are nylon, and tubing is either tygon or Teflon.
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3.3.5 Ozone Scrubber

The ozone scrubber is a two-piece alumnum assenbly that
contains a replaceable cartridge. Al consumable elenents in this
cartridge (copper screens coated w th manganese dioxide (MnoO,)) are
inserted into the cartridge at the factory.

The Mno, catalyzes the reaction of ozone to diatomic oxygen,
and does not itself react with the sanple. ., Thus, the sanple
entering the absorption cell after passing through the filter is
preserved intact except for the ozone.

Since the anbient air sanple may contain a nunber of
substances in addition to ozone which to sonme extent wll absorb
253.7 nm W light (such as benzene), it is inperative that these
substances be of the same concentration during the reference and
the sample cycles. The single-cell design used in the instrument
does provide equal concentrations of these substances.

If the unit purchased is a Mddel 1008-PS (a special version of
the 1008-Pc, called a "primary standard"), the ozone scrubber
assenmbly is renoved and an additional nmanifold is installed to be
used with an external zero air source. This zero air is used for
the reference portion of the neasurement cycle.

3.4 El ectronic

3.4.1 Mot her Board (Figures 3-1 and 3-2)

The nother board provides all the circuit interconnections for
the instrunent, and has a mninmm of electronic conponents nounted
on it. This approach reduces electronic troubleshooting to sinply
I nterchangi ng boards. The major conponents nounted on the nother

board are the power transfornmer Ti, bridge rectifier, filter
capacitors, and connectors. The power transforner provides the

various voltages for the electronic circuitry of the instrunent.
The unregulated DC voltages supplied by T1 are:

1) +B, for either +15 V or +12 V, used for analog circuits,
PROM s, and the DAC's.

2) -B, for either -15 V or -12 V, used for analog circuits
and the DAC's.

3) +5 V, for the digital circuits.
4) -5V, for the PROM's.

5) +2|4 V, for the punps, heaters, UV |lanps, and the sol enoid
val ve.

Al the boards that plug into the nother board use on-card
requl ators. The regulated voltages utilize integrated circuits for

a high order of regulation.
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The boards described in section 3.4.2 to 3.4.7, use the common
DAS-80 Bus (shown in Figure 3-3). This comon bus structure
enables the user to plug any of these boards into any DAS-80 Bus
connector, provided that the board conmponents face the front of the
i nstrument.

3.4.2 El ectrometer Assenbly (Figures 3-4 and 3-5)
3.4.2.1 Physical Description

The electroneter assenbly consists of a universal adapter
board (Figures 3-4al and 3-4a2) which plugs directly into the
Mot her Board by neans of an edge card connector. El ectronic sub-
assenblies contained on the adapter board include two independent,
det achabl e el ectroneter circuit boards for both the sanple and
control channels. These circuit boards are attached to the Adapter
Board by neans of individual, nulti-pin connectors. In addition,
a separate, detachable Tenperature Circuit Board is also included
in a simlar manner on the Adapter Board.

The Adapter Board, and its associated circuit boards, may be
renmoved from the Mdther Board as a unit, and the individual circuit
boards may then be renmoved from the Adapter Board for repair or
repl acement. I nput signals fromthe renote detectors and the
tenperature sensor are supplied directly to the appropriate circuit
boards by means of integral, nulti-pin connectors nounted on the
circuit boards, thenselves. The signal leads are therefore also
individually detachable from the electroneter assenbly. Thus, the

el ectroneter assenbly is of conpletel nodul ar  design for
flexibility in configuration, and ease of naintenance, trouble-

shoot i ng, and repair or replacenent of sub-assenblies or
conponents.

The operation of the sanple and control channels and the
Tenperature Board are described next. (Options exist for the signal
processing circuit boards, and these are also discussed.

3.4.2.2 Signal Detection and Processing

Two separate functions are acconplished by the sanple and
control channel circuit boards, respectively:

1) Measuring the signal from the sanple detector for both
the sanple gas (neasurenent) cycle. and the zero gas
(reference) cycle.

2) Controlling the timng of the sanple gas and zero gas
signal measurenent cycles. As described in Section 4.0,
it is essential that the time interval during the "up"
counts for the zero gas reference cycle be exactly the
same as the time interval for the "down" counts for the
sanpl e gas neasurenent cycle.
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3.4.2.2.1 Sanple Channel

The lowlevel current output from the W sanple detector in
the optics bench is measured by the sanple channel circuit board
containing @n el ectrical circuit called an electroneter. The
el ectrometer converts the extremely |owlevel detector current to
a frequency which is directly proportional to the magnitude of this
current. -This frequency is applied, in turn, as a pulse train to
the input of an integrating counter (totalizer) renotely located in
the logic circuitry section which totalizes the pulses obtained
during each measurement and reference cycle. Subsequent si gnal
processing of these pulses accumulated in the totalizer yields the
ozone concentration for presentation on the numeric display on the
front panel of the instrunent and as an anal og vol tage at the
output termnals on the back panel. The signal processing
net hodol ogy enployed by the electronics section of the analyzer to
cal culate ozone concentration from the pulses obtained during the
sanpl e gas and zero gas cycles, respectively, is described in
Section 4.0.

For this electroneter, the sample frequency should be in the
range of 450 KHz to 480 KHz for an input clock frequency of 1.0 Mz
(comon for nost anal yzers). To adjust for proper sanple
frequency, set the node selector switch to SAMP/ TEMP with T/ P off.
The number appearing on the front panel numeric display will be
0.10 of the internal sanple frequency (consider, in this case, the
decimal point as a conmm). The sanpl e frequency i s changed by
adjusting the position of the W lanp in the Light Source_Block
which alters the input light level to the optics bench. This is
acconplished by loosening the dual thunbscrews which hold the |anp
in place. The lanp is pulled out of the housing to decrease the
frequency or pushed into the housing to increase the frequency.
Al ternatively, the lanp may also be rotated to change the
frequency. It takes only verdy smal | novenents of the |anp to make
large frequency changes, and one thumbscrew should be tightened
while making a frequency reading. After the proper frequency has
been established, tighten the second thunbscrew

This process can be nade considerably |less tedious if a
frequency counter is available. However, verification that the
frequency counter correctly counts sqluare wave pulses nust be nade
by conparing its count with the displayed value. Both the sanple
and control frequencies can be continuously nonitored at test
points on the Mther Board. If this method 1s used, the display
readouts can be disregarded because the test points (labeled SAVPLE
and CONTROL) provide the frequencies directly.

3.4.2.2.2 Control Channel

The timng for the sanple gas and zero gas signal measurenent
cycles is provided by the control channel circuit board. fixed-
frequency _oscillator/counter is generally wutilized for this
purpose. The fixed-frequency output of this circuit board is also
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applied as a pulse train to the input of a separate integrating
counter also located in the logic circuitry section. The frequency
produced by the control channel circuit, "and the resulting pulses
accunul ated in the control channel counter, provide the necessary
clock function. This method of sanmple and zero gas neasurenent
cycle timng is totally adequate for a stable W lanp and | anp
drive (short-term drift less than 100 Hz/min).

For specified analyzers, the control channel. frequency may be
?enerated by a circuit board containing an el ectroneter which

unctions nuch like the sanple channel electroneter. The i nput

current to this control electroneter is provided by a separate
control detector. The source of WV radiation for the contro
detector is the same uv lanp in the optics bench used for the
sanpl e channel. For this control detector, however, the radiation
is not attenuated by absorbing gases because it is positioned in a
| ocation separate from the optics bench and in direct view of the
w lanmp. It only resFonds to changes in radiation due to the |anp,
itself. The control channel output frequency is therefore not
constant, but varies slightly if the intensity of the W |anp
vari es. For this reason, the total pulses accunulated in the
control channel counter no longer represent a direct clock function
for neasurement cycle timng, but are nodulated by the radiation
flux from the W 'lanp. This provides a method of adjusting, or
"trimming," nmeasurement cycle times to account for variations in W
lanp intensity during the neasurenent process itself. This is
discussed in nore detail in Section 4.0

Once the sanple frequency has been set, it may be necessary to
reset the control frequency. The control frequency should be set
in the same range as the sanple: 450 KHz to 480 KHz. To adjust the
control frequency, Set the function switch to CONT/PRESS, again
with T/P off. The control frequency can be increased by |oosening
the set screw which holds the control detector in the detector
housi ng. The control detector is the 1 inch dianmeter cylinder
al igned perpendicular to the long optic tube. Loosening the set
Screw requires a 1/16th inch allen wench. For fine adjustnents,
move the detector into the housing to increase the frequency and
pull it out to decrease the frequency. There is al so a coarse
adj ustment screw located in the mddle of the detector block which
varies the Size of the light aperture between the uv lanp and the
control detector.

3.4.2.2.2.1 Integrating Electrometer (Figures 3-5al and 3-5a2)

This electroneter totally elimnates the unexplained drift
(and the frequent re-calibrations required) by all other
el ectroneters. Wiile this electrometer may exhibit a mnute
increase in noise over the VFC electroneters, it is the one used
for all sanple channel electrometers; it is NOT recomrended for the
control channel because its extrene accuracy is of mniml benefit
as a control frequency source, and the [ower noise of the VFC
?Iectronﬁter is much nore desirable to the operation of the contro
unction.
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This electrometer saturates at 172 the input clock frequency
and is totally linear up to saturation. Due to lanp drift,
however, it is reconmended that the frequency should never be set
to a value higher than 96 percent of the saturation frequency. For
a 1.0 MHz input frequency (common to nost analyzers), this
translates into 480 KHz, or |ower. There is NO absol ute | ower
frequency limt, but if the frequency drops below 300 KHz, an error
message w |l be displayed.

3.4.2.2.2.2 Fi xed- FrequencyEl ectroneter (Figures 3-5d1 & 3-5d2)

For standard 1008 analyzers, this sinple circuit provides all
the timng that is required by the control channel, while also
keepi ng expense as low as possible. A slide switch on the board
allows sel ection of the output frequency to either 250 xuz for
Mbdel 1003 analyzers or to 500 KHz for Mdel 1008 analyzers.

3.4.2.2.2.3 652 VFC Electroneter (Figures 3-5bl and 3-s5b2)

Al'though this electroneter is still subject to drift and
requires re-calibration, it is 10 times nore linear than the ol der
650 VFC Electroneter design and is not as subject to tenperature
and humidity variations as other VFC electroneters. It is offered
as an option for the control channel side of 1008 electroneters.

It is intended to switch over to the 653 VFC as soon as it
becones available (and in all probability Iongi before any "advance
information" is released), and this board will then be given the
653 VFC designation to reinforce the fact that Dasibi remains on
the cutting edge of technology. Although this electroneter does
not currently use the 653 VFC ~ but rather the 652 VFC, Dasibi has
been promised first receipt of the 653 VFC as soon as it perforns
as prom sed.

This electrometer saturates at 1/2 the in[gjjt cl ock freguency
and is totally linear up to saturation. e to lamp drift;
however, it is recomrended that the frequency should never be set
to a value higher than 96 percent of the saturation frequency. For
a 1.0 Mtz input frequency (common _to nost analyzers), this
translates into 480 KHz, or lower. There is NO absolute | ower
frequency limt, but if the frequency drops below 300 KHz, an error

message W |l be displayed.
3.4.2.2.2. 4 Tenmperature Sensor Board (Figures 3-5el and 3-5e2)

Using the two-trim adjustment, the tenperature circuit has an
accuracy of +0.3° Cc over a tenperature range of 0-50° C, when
calibrated at 25° C. This elimnates the need to perform two-point
calibrations using ice baths, high tenperature standards, etc.

This tenperature circuitry features an integrated temperature

transducer which producEs an output current proportional to
absolute tenperature. aser tri ng at the wafer level 1In

conjunction with extensive final testing ensures that the sensors
are interchangeable.
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This circuit is so accurate that some NBS thernoneters are
actually referenced to it. Since a 1 percent error in ozone
reading requires a 3.0° C error in tenperature, the maximum ozone
reading error due to the tenperature from the tenperature circuit
will never exceed 0.20 percent, worst-case.

3.4.3 CPU Board (Figures 3-6, and 3-7)

The CPU board has on it a central processing unit (CPU), a
real tine clock, an asynchronous reset circuit, a 1.0 Miz system
clock, and buffers for the data, address, and control busses. The
CPU controls the entire instrunent with the exception of the
asynchronous reset circuit. If for some reason the CPU becomes
stuck in an unintentional program loop, the reset circuit puts the
CPU back into the proper operation on a first priority basis. The
real tinme clock works in conjunction with the CPU to do all the
timng required for the operate and frequency nodes.

3.4.4 Menory Board (Figures 3-8 and 3-9)

The menmory board consists of the address decode circuits, 4K
bytes of read only nenory (ROM) and 256 bytes of random access
menory (RAM).

3.4.5 Counter Board (Figures 3-10 and 3-11)

The counter board contains the sanple and control channel
i ntegrators. These integrators consist of six cascaded 4-bit BCD
up-down counters, driven through dual four-input NAND gates by the
sanmple and control frequencies. The counters have BCD parallel
outputs as well as "carry" and "borrow" outputs for cascading.

During the reference cycle, the solenoid valve is switched so
that the reference gas enters the optics bench. After a four
second flush time, both of the integrators are enabled for 1.5
seconds. The sanple integrator counts the sanple frequency pulses
and the control integrator counts the control frequency pulses.
The CPU then stores the count of the sanple integrator, resets it
to zero, switches the solenoid valve to the sanple gas containing
ozone, and waits another four seconds. This is the end of the
reference cycle and the beginning of the sanple cycle.

After another four second flush tine, the CPU again enables

the integrators. This tine the sanple integrator counts up as
before but the control integrator counts down from its previous up
count . When the control integrator reaches zero, it toggles a

flip-flop which stops both integrators. The CPU then stores the
count of the sanple integrator, resets both integrators, and
switches the solenoid valve to the reference gas, thus repeating
the cycle.
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3.4.6 DA Board (Figures 3-12 and 3-13)

The analog output is obtained by converting conplenmented BCD
information from the CPU to a DC voltage by means of a weighted
| adder network, precision switches and an output buffer anplifier.
The conplete D/A converter and buffer anplifier is housed in an
encapsul ated nodul e. The input to the D/A converter depends on
which 3 digits of the display are selected by the Digit Selector
Switch: the recorder output wll always follow the selected 3
digits of the front panel display no natter what node the

instrument is in. o o
The D/A converter has a 10 volt capability, but this is

normal |y scaled down by a feedback resistor. If the full scale
output 1s 1 volt, then the output is O to +0.999 V for 0 to 0.999
ppm. This value can be scaled down by turning the anal og span
control on the front panel until the desired full-scale range is
achieved. The D/A board also has on it the Digit Selector Swtch,
Zero OFfset Switch, Recorder Zero Ofset Pot, and the Span

Swi t ches.
3.4.7 |/ O Board (Figures 3-14 and 3-15)

The 1/0 board nultiplexes eight different analog signals into
a 10 bit analog to digital converter. At this time only three of
the eight channels are used:

1. Source Block Heater Voltage
2. Pressure Amplifier CQutput
3. Tenperature Anplifier Qutput

The Span and Zero Pots, R6 and R10 respectively, are adjusted
so that a O10 V input corresponds to a 000H-3FFH binary output.

3.4.8 Display Board (Figures 3-16 and 3-17)
The displays and the update LED are driven by the CPU through

two |1/0O ports. These 1/ O ports also carry signals for Mde
Sel ector, solenoid drive circuit, and the Tenperature and Pressure

Mode Switch.
3.4.9 LDHC Board (Figures 3-18 and 3-19)

This board has on it all the drive circuits for the analyzer.
These include the lanp drive, lanp heater, and the solenoid drive.

3.4.10 Qzone Control Board (Mddel 1008-PC, Figures 3-20 & 3-21)

This board is used in conjunction Wth the built-in ozone
generator in the Mdel 1008-pc. It contains the ozone generator
lamp drive and heater and the regulators for the ozone generator
and drive punp.
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3.4.11 Qzone Control Board (Mdel 1008-RS, Figures 3-22 & 3-23)

This board is used in conjunction with the built-in ozone
generator in the Mdel 1008-RS. It contains the ozone generator
lanp drive and heater.
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Figure 3-7 CPU Board Schematic
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4.0 PRI NCl PLES OF OPERATI ON
4.1 Gener al

This section describes the operating principles and the data
processing techniques used by Dasibi 1008 ozone anal yzers. These
anal yzers utilize "monochromatic ultraviolet (W) absorption
spectrophotometry" to provide an electrical. signal which is
proportional to the ozone concentration. This signal is
subsequently used for data processing and concentration read-out.

This section is also intended to furnish the reader with a
conprehensi ve understanding and a high level of confidence about
the gas concentration readings obtained fromthe analyzers. A
di scussion of the theory of operation and method of neasurement is
present ed. Also, adjustments to instrunent operation and
application of corrections to the data to allow for Standard
Tenperature and Pressure conditions (STP) (as well as to convert to
different engineering units) are given.

4.2 Synbol s Used

A = absorption coefficient of ozone (308.3 [cm'j[atm™]
at 253.7 [nn] wavel ength and STP)

a = approxi mate ozone concentration for Ilinear form of
Beer's law

C = ozone concentration as partial pressure [atn]

c = ozone concentration in desired units

CF,, = tenmperature and pressure conversion factor to STP

e = natural |ogarithm (2.71828)

I = intensity of UV radiation during measurenent cycle
(wWwth ozone present in sanple gas)

I, = intensity of WV radiation during reference cycle
(with ozone renoved from sanple gas, i.e., zero
gas)

K = proportionality factor relating concentration, C,
to concentration, c¢, and correcting from anbient
conditions to STP

Ko proportionality factor relating concentration, C,
to concentration, c, at STP

L = optics bench path length [cni

(M];, = Mol ecul ar weight of gas of interest, (i.e., ozone)

(M), = Mol ecul ar wei ght of background gas.

P = ambi ent pressure [atn]

R = i nstrunment Reading

S = i nstrument Span Number

SF = instrunment Scale Factor

STP = Standard Tenperature and Pressure (0° [C], 1 [atn])

T = anbi ent tenperature [°K]
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For the discussion in this section only, units are enclosed in
square brackets, i.e., [ ], to avoid alphabetical confusion with

the various constants and variables that are also used. Commonl y

accepted English and/or netric units are used, thus, [1)is liters,
[m] Is meters, [in] is inches, [sec] is seconds, etc.

4.3 Description of Instrunent operation

4.3.1 Gener al

Dasi bi analyzers are self-contained instrunents which neasure
the concentration of ozone in a sanple of ambient (background) gas,
such as air, oxygen, nhitrogen,  etc. This Instrunent” i's a
monochromatic, UV absorption spectrophotoneter, specific for ozone.

Control of instrument function and data processing isI per f.or.ne
automatically by the electronic system and™ only mninma

front-panel adjustnents are required for proper operation.
4.3.1.1 Principle of Operation

A fixed quantity of "zero gas" and the same quantity of
"sanple gas" are drawn-in alternately to the optics bench in the
instrument by wutilizing a punp and sanple handling system The
zero (reference) gas is anbient gas, but with the ozone "scrubbed"
(removed): the sanple gas is the pure, unaltered ambient gas, wth

the ozone still present. The optics bench is often referred to as
an "absorption cell," since absorption of the W light (radiation)
by various constituents in these gas sanples: i.e., ozone (as well

as unwanted background constituents) takes place there.

A stable WIlight source is placed at one end of the optics
bench, and the level of UV radiation transmtted across the optics
bench is measured by a W detector which is placed at its opposite
end. Alternate, consecutive neasurements of the absorption of W
radiation during the zero gas (reference) cycle and the sanple gas
(measurenent) cycle are nade by the photoneter. A continuous
record of ozone concentration is then obtained by the sequential
sanpling of a group, or "stream," of such "measurement pairs" Of
alternate reference and nmeasurenent Cy¢lless Fetr which the
instrument's timng circuitry has been designed.

Conti nuous auto-zeroing and renoval of interferences are
acconplished by this paired neasurenent technique, which may be
t hought of as "gas chopping.”" Some people have been surprised by
Dasibi’s claim of absolute interference renoval and no zero drift.
A famliar technique to achieve automatic zero stability for nornal
spect rophot onet er operations involves chopper stabilization, or
"light chopping." The technique of gas chopping achieves the sane
zero stability, wth the added advantage of inherently elimnating
all interferences.

4-2



DASI Bl  ENVI RONMVENTAL  CORP. TMD20805

Span stability is achieved by ensuring that the reference and
measurement cycle tines for each neasurement pair are identical -
by utilizing a special "clock/counter" control circuit (nuch |ike
a stopwatch) which is set by each reference cycle tine interval,
controls the subsequent neasurement cycle tinme interval, and then
is reset for the next neasurenent pair. A fixed-frequency
oscillator is generally wutilized for this purpose which is
conpletely adequate for a stable lanp and lanp drive.

Any variations that mght be caused by short term lanp drift
resenbl e "noise," but operational experience with many Dasibi ozone
anal yzers over many years indicate that this noise is mninal, WELL
BELOW the 1 percent span drift specified. However, short term
drift in the intensity of the W lanp during any given measurenent
pair can be conpensated, if desired, by an optional, optical

subsystem
For this, an alternate, control detector (external to the

optics bench and sanple photoneter) is arranged to independently
monitor the W lanp intensity directly. This provides a method of
adj usting, or "trimming," the control clock/counter if short term
drift (variations) in the intensity of the lanmp should occur. Long
term drift in lanp intensity between neasurenent pairs is
uni nportant (whether the control detector is used or not) due to
the very nature of the paired neasurement technique funl ess, of
course, the lanp totally fails, or its output falls below analyzer
cut-off). Because of the operation of the zeroing,, interference
removal and control subsystens, there is VIRTUALLY NO Span or Zero
Drift in instrunent readings under any conditions or for any

instrument configuration. _ o
Appropriate signal processing of each individual neasurement

pair by the electronic system yields the instantaneous ozone
concentration (i.e., within the update cycle of the instrument) in
accordance with the Beer-Lanbert law (Beer's |aw). A conpl ete,
general discussion of Beer's Law is beyond the scope of this
document, but a conprehensive discussion can be found in Reference
# 14 listed in Appendi x D. The signal processing nethodol ogy
utilized by the Dasibi ozone analyzer to obtain gas concentration
values utilizing the measurenent pairs nentioned (as well as the
practical aspects of Beer's law) above is discussed in detail in
Section 4.7.

4.3.1.2 Cal i bration

When operated according to this &M nanual, the analyzer wll
provi de accurate data. However, continued data quality assurance
wi || depend upon periodic calibration and zero and span check
progr ans. Appendi x B describes these prograns as well as the
procedures required for a conplete calibration. The information

presented is sufficient to perform the calibration, but for nore
information, the user is referred to References 13 and 11 listed in

Appendi x D. For detailed guidance in setting up a quality
assurance program refer to References 12 and 13) listed in
Appendi x D.
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Zero and span checks should be perforned once each nonth
during continuous nonitoring operations. A conplete calibration
shoul d be perforned at |east once every three nonths or whenever a
maj or disassenbly of conponents occurs. The analyzer is intended
to be a conponent in a system whose end purpose is to provide high
quality gas concentration data. The accuracy and reliability of
this 'system is predicated on good design, proper system
mai nt enance, and appropriate calibration and zero and span checks.

4.4 UV Phot onet er

A photoneter is a device which quantitatively determnes the
amount of light crossing a prescribed area. The w photoneter in
t he Dasi bi ozone anal yzer consists of a stable wlight source
which is placed at one end of the optics bench, and a suitable w
detector (sanple detector) which is placed at the opposite end.
The detector provides an electrical output which Is directly
proportional to the anmpunt of wradiation striking its sensitized
surface. The intensity of the W radiation traversing the optics
bench is attenuated by the ozone present in the sanple gas during

the measurenment cycle in accordance with Beer's |aw. Thi's
attenuated signal is detected and conpared with the unattenuated
signal from the previous reference cycle. The two signals are

processed digitally by the electronics for presentation directly as
ozone concentration.

The WV light source is a low pressure, cold cathode nercury
vapor lanmp with 92 percent of its output concentrated at the 253.7
[nn] emission line. The absorption of WV radiation by ozone has
been found to be maxinum at this wavel ength. The absorption
coefficient of ozone, A has been deternmined to be 308.3 [cm™]
[atm'] at this wavelength by at least five separate investigators
using nore than one independent nmethod. Em ssion at wavel engths
shorter than 200 [nn] is elimnated by a VWcor optical filter
around the lanp, which prevents any emssion at 186 [nn], an
emssion line which actually generates ozone. The detector is a
“"solar blind" Cesium Tel luride vacuum photodiode with a broad
passband centered near 253.7 [nnj. The total optical selectivity
of lamp and detector is such that better than 99.5 percent of the
system response is due to 253.7 [nn] [ight. This results in a
monochromatic instrunent.

The optics bench is a sealed chanber to contain and physically
i sol ate the sanpl e gas. Quartz windows allow the beam of w
radiation to pass through the chanber from the lanp to the
detector, both of which are nounted externallty. For monitors wth
| ong optical paths that must be "folded" to fit in the instrunent
(all of the 1008 anal yzers, except the 1008-HC), quartz mrrors are
nmounted in a triangular optical block to bend the wradiation
through 180°.
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4.5 Sample Handling Svstem

The sanple handling system includes the gas inlet and exhaust
ports, an optics bench ﬁthe w absorption cell), a solenoid
actuated gas selection valve, a source of zero air (either a
catalytic converter or a zero air manifold), a flowreter, and a
pump.

The reference cycle is inplenented by use of either the
catalytic converter éwhi ch selectively converts ozone in the sanple
gas to oxygen, but does not affect any of the other constituents)
or a zero air manifold. During this cycle, the gas selection valve
routes ambient gas through the catalytic converter or selects gas
fromthe zero air manifold (to obtain the ozone-free, zero gas
sanple) and then directs this gas into the optics bench for
measurement by the photoneter. During the neasurenent cycle, the
gas selection valve bypasses the catalytic converter or zero air
mani fold and routes the sanple gas directly into the optics bench
for measurement by the photoneter.

The gas selection valve is a 3-way fdual-input/si ngle-output%
valve constructed from inert naterials. t is solenoid operated by
a signal fromthe electronic systemtimng circuitry. It 1s
connected in such a way as to performthe function of routing
l?ithher the sanple gas or zero gas alternately into the optics
ench.

The catalytic converter (for analyzers so equipped) catalyzes
a reaction which converts ozone in the sanple gas to diatomic
oxygen, but does not otherwise overtly react with the sample gas.
Thus, the sanple gas entering the optics bench after passing
through the catalytic converter is preserved predom nately intact
except for the renoval of ozone, Wwhich has been converted into

oxygen (which does not, itself, absorb UV radiation). However,
since the sanple gas nmay contain other substances (interferences)
in addition to ozone ich will absorb sone wradiation, it is

important that these substances be of the same concentration for
both the reference and measurenent cycles (which is ensured wth
this scrubber for all practical requirenents).

The front panel flowreter is plunbed between the output port
of the optics bench and the punp. The ozone neasurenent is
rel atively independent of flow rate. However, an upper limt for
the flow rate which may affect instrunent concentration readings is
the decreased pressure (from ambient) occurring in the optics bench
due to the increased pressure drop in the sanple supply Iines
resulting from an excessively high flow rate. Al so, setting the
flow rate higher than required consunes the functional elenents
contained in the catalytic converter at a faster rate, so that they
must be replaced nore often.
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On the other hand, for a given flush delay tine, a lower limt
for the flow rate is defined by the need to conpletely flush the
optics bench between update cycles. This lower limt is
approximately 1.0 [1]/[min] for a 20 second wupdate cycle.
Therefore, we recommend a mninmum flow of 1.5 [1]/[min] to ensure
that the bench is totally flushed. For nore rapid update cycles
(i.e., shorter flush tine) the flow rate nust be increased in
inverse proportion to the update cycle time, and for less rapid
update cycles, it may thus be reduced.

The sample gas Is drawn into the instrunent by a vacuum punp
| ocat ed downstream of the optics cell. For instruments wth
internal punps (standard in every 1008 except the 1008-HC), the
punp has excess vacuum versus flow capabilities to provide
sufficient margin for all requirenents of the flow system In
order to maintain sanmple gas integrity, all internal surfaces in
contact with the sanple gas upstream of the optics bench are
manuf actured from materials which mnimze sanple gas degradation.

4.6 El ectronic Ssvstem

The sanple detector in the photoneter converts the W
radiation striking its surface to a |lowlevel current by the
photoelectric effect. This current is directly proportional to the
Incident radiation. The detector dark current is so small in this
application that it can be ignored. The current from the detector
is applied to the input of an electrometer which converts it to a
frequency. This frequency, in turn, is directly proportional to
the input current and thus also to the intensity of the W

radiation transmtted through the optics bench. _
The control circuit consists of either a fixed-frequency

oscillator or a control detector electroneter, either of which
provides a clock function (the control timng for the reference and
nmeasurement cycles associated with the sanple circuit). Analyzers
that have the control detector and associated el ectroneter are
continuously and directly nonitoring the w lanp intensity during

both the reference and neasurenent cycles. This detector is
contained in an independent optical path not associated with the
optics bench, and is in direct view of the lanp. |Its output is not
affected by absorption due to ozone or any interferences. The

physi cal process of converting the w radiation intensity to
frequency for the control detector and electrometer is simlar to
the process described above for the sanple detector and
el ectroneter. The control frequency, in this case, is only a
function of the Ila intensity and varies only if the |anp
intensity varies (drifts).

The signal frequencies from the sanple circuit (sanple
photometer, detector, and electrometer) and the control circuit
(fixed-frequency oscillator or control detector and electroneter)
are each applied as a train of pulses to the inputs of separate

counters where the pulses are totalized independently. Thi s
totalizing is actually an integration or averaging process. Figure
4-1 is a block diagram of this arrangenent.

4-6
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1)

2)

3)

A conplete measurenent cycle is performed as foll ows:

The sanmple and control totalizers are set to zero and the gas
val ve is switched so that zero gas enters the opticsbench.
A pre-determned anmount of tine is allowed to pass while the
new amount of zero gas is allowed to flush out the previous
anount of sanple gas. The wradiation transmtted through
the zero gas is then neasured by allow ng the sanple and
control counters to totalize until the sample totalizer counts

reach a pre-determned value, S, the "span Nunber .»  The
counts then residing in the control totalizer are proportional
to S and are retained in nenory. For a fixed-frequency

control circuit, these counts wll be directly proportional to
the time el apsed. For a control circuit utilizing a control
detector and electroneter, the counts are nodul ated, or
“trimmed" from this value if the output intensity of the W
| anp either increased or decreased during this tine interval.

The gas valve swtches again, and now an anount of sanple gf_as
w th ozone present is brought into the optics bench. he
flushing of the optics bench described above is again repeated
to renove the previous amount of zero gas and replace it wth
the sanmple gas. Another neasurenent is then taken, with the
counts from the sanple and control circuits arranged to
subtract from those previously accunulated in the sanple and
control totalizers, respectively. The control totalizer is
allowed to count down to zero, ~ensuring that the sane total
anmount of time (or total uwv radiation for the case of an
analyzer with a control detector and electrometer) Wwas
utilized for the neasurenent and reference cycles. I'f the
radiation level fromthe U lanp did not vary during the "up"
and "down" cycles for an analyzer with a control detector and
el ectrometer, or if the control ~circuit contained the
fixed-frequency oscillator instead of the control detector and
el ectroneter, then the frequency from the control circuit acts
nuch like a ®clock,™ so that the "up" and "down" cycles would
then be of exactly the same |ength.

The counts now remaining in the sanple totalizer (terned R in
the follow ng discussion), correspond to the difference
between the reference cycle "up" counts (with no ozone
|Ioresent) and the measurement cycle "down" counts (wth ozone).
f there is no ozone in the sanple gas, the sanple totalizer
"down" counts will be the same as the previous "up" counts and
R will be zero. However, R will have a positive value if
ozone was present in the sanple gas, since the total
neasurenent cycle "down" counts in the sanple totalizer will
be less than what it was for the reference cycle "up" counts
(the ozone would have attenuated the radiation during the
measur ement cycle).
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The followi ng section explains how the analyzer utilizes the
values of S and R to obtain the ozone concentration from Beer's
law. So far, the discussion has involved a functional description
of analyzer operation. The follow ng discussion involves the
quantitative relationship of the measured radiation intensities in
Beer's law obtained during the reference and measurement cycles.
It provides quantitative values for adjusting the analyzer's Span
Nunber to obtain ozone concentrations in various, desired units.
It also provides the corrections necessary to convert the
concentration data from anbient to standard conditions of pressure

and tenperature. This discussion requires sone mathenati cal
expertise by the reader.
4.7 Measurement of COrzone Concentration
4.7.1 Theory
As previously  described, the analyzer measures  o0zone

concentration directly by the attenuation of UV radiation by ozone
nol ecules in the optics bench. The ozone concentration is obtained
by measuring the relative intensity of transmtted w radiation for
a '*measurenent pair" consisting of a consecutive zero gas cycle and
a sanple gas cycle. The exact algorithnms utilized by the
instrument's signal processor to obtain concentration are presented
next. The degree to which the UV radiation is attenuated depends
on the optics bench path length, the absorptivity of the ozone
mol ecul es, and the nunber of ozone nolecules present.

The quantitative relationship between these factors is shown
bel ow by Beer's |aw For this form of Beer's law, the values for
the two wradiation intensities, | and I, can be in any arbitrary
(al though consistent) set of units, because they always appear as
a ratio. For the case of the Dasibi anbient ozone analyzer, they
are calculated on the basis of the "down" counts and the wyp"
counts in the sanple totalizer for the sanple and zero cycles,
respectively. The operating and cal culation procedures are
described in detail in Sections 4.7.3 and 4.7.4, respectively.
First, consideration is given to expressing the concentration 1n
the desired units in Section 4.7.2.

Beer's law is normally witten as:

I 2 g-taro)
|
_ (4-1)
The units for ozone concentration, C, are partial pressure of
ozone, in atnospheres, which is a fractional basis of the total gas
volune for expressing concentration. For 100 percent ozone at STP,

the concentration, C, would be 1.0 [atn]. For a different
volumetric fraction of ozone in the sanple gas (the usual case), C
would be different than one atrms;ghere, For instance, for 1 [ppn]

ozone (by volune), C would be 10°° [atm] at STP.
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However, "atmospheres,” is not the manner in which gas
concentrationsare nornal |y expressed, and users of Dasibi 0zone
anal yzers are generally interested in enploying more conventional
units, such as [p3pm] (by volume or weight), [percent] (by volume or
weight), [mg)]/[m37], etc. Also, for Telative concentration units
expressed in terns of weight, such as [ppn] (by weight) or
[percent] (by weight), the nolecular weights of both the gas of
interest” -and the background gas must be utilized in order to
calculate correct results. In addition, concentration is wusually

— desired at conditions of standard tenperature and pressure, and
under nost anbient nonitoring situations, conditions are not
usual ly standard, so corrections to the data nust be made.
For this reason, the above form of Beer's |aw is rewitten to
include a proportionality factor, K which relates the
concentration in partial pressure, C (upper-case), Wth nore
| conventional units for the concentration, ¢ (Iovver-case?. That is,
- K wll be used as a concentration conversion factor. n addition,
the gas law corrections are included in K which may (Ior may not, at
the operator's discretion) be used to automatically correct the
concentration readi ngs displayed by the instrunent to standard
conditions of tenperature and pressure.
It should be clearly understood that concentration, C,
expressed here as an upper-case letter, refers to the concentration
from Beer's law in the form given in Egn. (4-1) in the units of
atnospheres.  The concentration, c, expressed here as a |ower-case
letter, 1is the equivalent concentration, but expressed in any
desired set of units more convenient for the user. Cand c aré
related linearly by K and different quantitative values for K are
required for each of the desired units of interest for c A

! di scussion of the methodology for calculating 'K 1s presented in

- Section 4.7.2. Thus, utilizing the proportionality factor, K the
relationship between ¢ and C is given by:

- c = KC, so that

C =

~la

Substituting this form for the concentration into Beer's |aw

““““ results in:
| _e-(ifc-"?)
I,
(4-2)
Solving Egqn. '(4-2) for the concentration, c, yields:
- (K Lo

c = (AL)(ln[ I])

. (4-3)

4-9
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4.7.2 Cal cul ation of Proportionality Factor, K
4.7.2.1 Cener al

This section presents the method of calculating the
proportionality factor, K used in Beer's |aw expressed in Egqn. (4-

2) or _(4-32. K is conprised of two terns, a concentration
conversion factor at standard tenperature and pressure, Kg,, and a
tenperature and pressure correction factor, CF,,, so that in
general :

K= (Kgp) (CFpp) .

Determ nation of the concentration conversion factor:, K, is
di scussed in Section 4.7.2.2. It presents selected numerical
val ues of K, Utilizing exanple calculations as well as summarized
in tabular 1orm for various common units of concentration at STP.

Determ nati on of the_tergperature and pressure correction
factor, CF.,, IS di scussed in Section 4.7.2.3. This factor wll
allow K to 'be corrected to STP from anbient conditions, which will
cause the instrunent to display the concentrations at standard
condi tions. Some people prefer to have the instrument display the
concentration data at anbient conditions and performtheir own
tenperature and pressure corrections manually. For this situation,
assume CF., = 1, and adjust the instrunent using K = K, only. The
instrumedt will then read in the units desired, “'but at the
conditions of anmbient tenperature and pressure. The corrections to
standard conditions nust be performed nanually by appropriate data
reduction procedures later using the actual value of CF .

As described in Section 4.7.3, the instrument is acfjusted to
read directly in the desired units (corrected for anbient
tenperature and pressure, if desired), by using K to establish and
set the Span Number, S.

4.7.2.2  Concentration Conversion Factors at STP, Kg,

This discussion assumes a two conponent gas system only. That
I's, the concentration of a single conponent gas of interest, i, is
to be determned in a single background gas, b. \Were appropriate,
properties and characteristics of the gas of interest are indicated
as ( ), and of the background gas as ( ),. The background gas may
be a single conponent, itself (as for the case of oxygen or
nitrogen), or it may be a mxture, such as air. However, the
background gas wll be treated as if it were a sinsle conmponent by
using conmonly accepted values for its _conbined, average properties
(such as the average "molecular weight" determined for air). Here,
the gas of interest is ozone, and the background gas can bhe air,
oxygen, nitrogen, etc. only dilute solutions of ozone in the
baCKkground gas are considered.

Table 4-1 presents sone relevant thsi cal constants and
properties for various gases that wl be wuseful for this

di scussi on.

4-10
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_ TABLE 4-1 _
Useful Physical Constants and Gas Properties
(Reference 15)

puantitv Val ue
1. Mol ar gas vol une 22.414 [1][atm]/[mole]
2. Absol ute zero tenperature -273.15" [C)
- 3. Mol ecular wt of ozone 47.9982 [g]l/[mole]
4, Mol ecul ar wt of dry air 28. 964 [g]/[mole]
5. Mol ecular wt of oxygen (0,) 32.0000 [g]/([mole]

6. Mol ecul ar wt of nitrogen (N,) 28.0134 [g]/[mole]

7. Furthermore, various wuseful conversion factors and
derived gas properties are calculated and presented
bel ow:

1 [w®] = 1000 (1]

Density of dry air at STP:

= (28.964 [g]/[mole]) (1000 [1]/[m]) (1 [atm])/22.414
[1] [atm]/[mole]

= 1292.2 [g]/[m’]

Den5|ty of ozone at STP:
(47.9982 [gl/([mole]) (1000 [1]/[m]) (1 [atm])/22.414
[1][atm]/[mole]
= 2141. 4 [g91/(n’]

Den5|ty of oxygen (0,) at STP:
(32. 0000 [g]/[mole]) (1000 [1]/(m®]) (1 [atm])/22.414
(1] [atm]/[mole]

= 1427.7 [g]1/[m°]

Densi t y of nitrogen (N,) at STP:

= (28.0134 [g]/[mole])(lOOO [(11/[m°]) (1 [atm])/22.414

(11t tm]/[mole]

= 1249 8 [91/[n®]

The following relati onsh| p is given for exdpre35| ng relative
concentration units by weight fraction, c’, her ~ than vol ume
fraction, c. is first determined for the 'volume fraction units

and then ITDdI]IIed to weight fraction units, K’g,, by this

relationship. _ _ _ o
Assuming a dilute solution of the gas of interest, i, in the

background gas, b:

4-11
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[M] ;
(M,

c/ = (

) (o)

Since Ky, IS proportional to c, it is then also the case that:

(M ;
Klomp = ( [M]b) (Ksrp)

L} (4'6)
4.7.2.2.1 K, for concentration, ¢, in [ppn] (by volune)

For a concentration, ¢, Of one part per mllion by volune. €
= 1, and the fractional concentration, C = |/1 000000 = 10°

Since Ky, = c¢/C, then Ky, = 1/10® = 1000000 [ppm]/[atm].
4.7.2.2.2 Kgp for concentration, ¢, in [percent] (by volume)

For a concentration, c¢, of one percent by volume, ¢ = 1, and
the fractional concentration, C = 17100 = 1072,

Since Ky, = ¢/C, then K., = 171072 = 100 [percent]/[atni.
4.7.2.2.3 K, for concentration, c, in [ppn] (by weight)

From 5.2.2.1, K, = 10°® for ([ppm] (by volune).
Ther ef or e, from Eqn (4-4) (and dropping the prime sign):

Inair: Ky, = (47. 9982/28.964) (1000000)
= 1.657 x 10° [ppni/[atn].

In oxygen: K, = %47 9982/32 0000) (1000000)
= 1.500 x 10%® [ppni/[atni.

In nitrogen: K 47. 9982/28 0134) (1000000)

13 x 10% [ppni/[atni.
4.7.2.2.4 K, for concentration, c, in [percent] (by weight)

= (
SE 1.7

From 5222 Kg, = 10 for percent by volune.
Ther ef or e, from Eqn. (4-4) (and dropping the prinme sign):

In air: Ky, = (47.9982/28.964) (100)

= (
= 1.657 x 102 [percent]/[atni.

In oxygen: K, = (47.9982/32.0000) (100)
= 1.500 x 10? [percent]/[atm].
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In nitrogen: Kep = (47. 9982/28 0134)(100)

= 1.713 x 102 [percent]/[atm].

4.7.2.2.5 K, for concentration, c, in [g]/[m)]
c = (2141 4 [g]/Im*)/[atm]) (C [atnj)

But ¢ = KC = (Kg,) x (G for CF,, =1 (i.e., at STP), so that:
Kap = 2141. 4 [g]1/[m°]/[atm].
‘ Here, concentration, ¢, is in absolute wunits and is
i ndependent of the conposition of the background gas. The val ues

for Ky, calculated above are summarized in Table 4-2. Using these
val ues, two exanples, to denonstrate how to convert from one set of
units to the other (|n dry air), are given bel ow. Conversions for
other units and gases are accorrpllshed in a simlar manner.

1 [percent (by wt in dry air)] = 2141.4J165.7
= 12.92 [g}/[m’], and

1 [percent (by wt in dry air 1000000)/165.7
Lp (by g :6)0]35[(n] (by )v/olurrem dry air).

TABLE 4-2
Summary of Concentration Conversion Factors, K,

Desired Units fdesire§STGnits1/[§£m]_
[ppnl (by volune in any background gas) 1000000
[percent] (by volune in any background gas) 100.0
[ppn] (by wt in dry air) 1657000
[ppn] (by wt in oxygen) 1500000
[ppm (by wt in nitrogen) 1713000
[percent] (by wt in dry air) 165.7
[percent] (by wt in oxygen) 150.0
[percent] (by wt in nitrogen) 171.3
[91/[n*] 2141. 4

4.7.2.3 Correction Factor for Tenperature and Pressure, CFy

In order to correct kfor ambient conditions to those at Sg:F
the gas laws nust be utilized. Because of the definition of P
for the absorption coefficient (i.e., 1 [atn], 0° [C]), STP is
defined as 1 [atnobsphere] and 273.15 [K].

4-13
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Thus,
_ T
Fre = 7315) (D)
4.7.3 Specific Measurenent Considerations

Now, the two WV radiation intensities for Beer's law in the
form given in Egqn. (4-3) will be related to the counts for the
Span, S, and the Reading, R Sis entered into the instrunent
manual |y by the operator in accordance with the procedure presented
below. ~ R 'is obtained in the sanple totalizer and displayed as the
instrunment reading after each pair of zero and sanple cycle
measurements are nade.

Wth reference to the discussion in Section 4.4 regarding the
zero and sanple cycle counting procedures, it can be seen that the
"up" counts In the sanple totalizer, S, are proportjonalto I,, Tnd
the "down" counts, S = R are proportional to I. hus, Beer's Taw
can be expressed for Dasibi’s neasurenent and data processing
met hodol ogy as:

L)
S- R

= (K
c = ( AL) (In[

14

or, dividing each variable in both the nunerator and the
denom nator of the logarithmc termby S in order to obtain a
non-dinensional form in RS, yields Egn. (4-5):

1
1_

= (X
c (AL)(ln[

tlw

4-5)

which is the exact form to determ ne ozone concentration from
i nstrunent counts. For 'S small (i.e., "small" as discussed
below), Egqn. (5-5) can be further sinplified using a standard
series expansion of the logarithmc term to yield an approximte
concentration, a:

a = (KA) (RYS). (4-6)
By setting the Span such that:
S = KAL
in Egn. (4-6), the approximate concentration, a, will be given
directly by:

a = R the Reading displayed by the instrunent, itself.

4-14
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. The Reading, R is arranged to be presented on the
instrument's nuneric display on the front panel and on the recorder
output termnals on the rear panel. Thus, the instrument is direct
reading when the appropriate Span nunber has been properly set for
the optics bench path length and desired concentration units (wth
optional corrections for STP conditions), and the quantity R'S is
sufficiently small.

To obtain the exact concentration, c, from the approxinate
concentration, a, a calculation must be performed by dividing Egn.
(4-5) by Egn. (4-6) to obtain:

=< = b%)(ln[ 1

= il
a R 1 -

'

(4-7)

Egqn. (4-7) can be easily solved, since both R and s are known.
For exanple, for several representative values of R'S, c¢c/R is given
in Table 4-3. The user must solve Eqn. (4-7) for his particular
set of Readings and Span nunbers. The table also shows the error
in the reading (given by 1 - c/R  expressed as percent) if the
correction is not made, and it shows the value of RS (R'S =
0.0198) below which this error is 1 percent or less, which thus
defines R'S "small."

TABLE 4-3
Representative Values for
Concentration Calculation Corrections Due To

Non-linearity Due In Beer's Law
(1 - ¢/R)x100

R/S __[percentl
R 1°06%50 0. 00
0. 0010 1. 0005 0. 05
0. 0100 1. 0050 0. 50
0. 0198 1. 0100 1,00
0. 1000 1. 0536 5 36

The 1008 analyzers contain a mcroprocessor which solves the
exact form of Beer's law, Eqn. (4-5), so that concentration
corrections are not necessary. However, from Table 4-3, the error
in ozone reading (1 = c/R) is only 1 percent for a value of R'S of
0.0198. For lower R/'S, the error becones snaller, but for |arger
R/S, the error is also [larger. Below 1 percent error,
concentration corrections are nmade at the option of the operator,
but for errors exceeding 1 percent, Ccorrections are required.

Al analyzers function perfectly as described above to the
poi nt at which the ozone concentration is sufficiently high to
totally extinguish the WV radiation that strikes the sanple
det ect or. Thi's “cut-off" point will vary according to the path
| ength of a given optics bench as well as the ozqne contient_ration
(total nunber of ozone nol ecul es present). he relationship
between path length and ozone concentration required for cut-off is
given in Table 4-4.
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TABLE 4-4 o
Anal yzer Cut-off Characteristics
Bench Length Ozone Concentration
ren _Tppm]l = _TIpercent] (by wt)
0. 0762 70, 000 11. 6000 ’
0. 300 7, 000 1.1600
71. 000 70 0. 0116
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Figure 4-1 Block Diagram Optic and Pneumatic Subsystens
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5.0 OPERATI ON
5.1 Controls and Indicators

This section contains information for the operation of the
front panel controls and indicators. Also described are the turn-
on procedure, error code definitions, recorder operation, and
shut down procedure.

1) POAER switch = Push button switch used for turning the
instrunent ON or OFF.

2)  ANALOG SPAN pot - Used for adjusting the recorder output
vol tage gain.

3) DIl SPLAY ~ User interface for obtaining visual readings.
An LED indicates a new val ve.

4) MODE SELECTOR switch = Used for selecting different
i nstrument operating nodes.

a) ZERO position = Al zeros are displayed and the
recorder output is set to zero.

b)  SPAN position = The photonmeter SPAN and ZERO OFFSET
are displayed.

c) OPERATE position = See T/P switch described bel ow.

d) SAMP/TEMP position - See T/P switch description
bel ow.

e) golm*/pREss position - See T/P switch description
el ow.

5) T/P Switch - This switch affects only the OPERATE,
SAMP/TEMP, and CONT/PRESS nodes.

a) In the OPERATE node, the T/P Switch works as
follows:

iy OFF = Ozone readings are referenced to STP if
the ANALYZER SPAN is set to 308.

ii) ON = Ozone readings are automatically
corrected for tenmperature and pressure

changes.
b) In the SAWP/ TEMP node, the T/P switch operates as
follows:
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8)

9)

1)
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i) OFF - The sample frequency is displayed. The
di splayed value is updated every 1.5 seconds
and corresponds to one ten thousandth of the

actual frequency. To determne the frequency
in KHz, nove t%e deci mal point one place to
the right (i.e. a reading of 42.301 would be
423.01 KHz).

i) ON = Tenperature is displayed in °c.

c) In the CONT/PRESS node, the T/P switch operates as
follows:

i) OFF - A fixed control frequency of 500 KHz is
di spl ayed. The control frequency is displayed

in the same manner as the sanple frequency -
see i) under SAMP/ TEMP node above.

ii) ON = The pressure is displayed in atnospheres.
VALVE Switch = Controls the photoneter's valve.

a) I n the OPERATE node, the VALVE Switch works as
follows:

i)  OFF ~ The solenoid is de-energized. The valve
remains in the reference gas position.

1i) ON « The solenoid switching cycle is enabled.
The valve Cycles between the reference gas and
sanple gas every 10 seconds.

b) In any other node (except the OPERATE node) the
VALVE Switch works as foll ows:

i) OFF ~ The solenoid is de-energized. The valve
remains in the reference gas position.

ii) ON - The solenoid is energized. The valve
remains in the sanple gas position.

PUW switch = Turning the photometer's punmp ON or OFF.

FLOWMETER =~ Indicates the rate of flow in 1l/min through
the analyzer. The flow should be between 1.5-3.0 1/min.

FLON CONTROL - Used for adjusting the analyzer flow
(zone Cenerator (1008-pPCc and =-RrRs; Figures 5-2 & 5-3)

FLOW METER = Indicates the rate of flow in 1l/min through
the 0, generator. The flow should be between 5-6 1/min.

5-2
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FLOW CONTROL - Adjusts the ozone generator flow.

QZONE Switch = Used for turning ON the ozone generating

lamp.  Wenever using the photometer in conjunction with

an external ozone generator, it is recommended that the

ozone generating Ianﬁ be sw tched OFF. This wll
t he

| anp.
PUMP Switch = Turns the ozone generator punp ON or OFF.

OZONE Adjust = Three thumbwheels that give the operator
control of the o, generator's concentration (1008-PC).

ZONE Adjust = Two push button nunbers that give the
operator control of the ozone generator's |evel of
concentration (1008-RS only).

NOTE
There is no direct correlation between the
numerical  value of this pot and the
concentration of ozone being produced. Any
correl ation observed will be nerely a

coi nci dence.

AUTO MAN Switch - In the Manual node, increasing the
QZONE ADJ Switch will increase the ozone concentration.
Because of the instability of the photometer during the
first 30 mnutes of warmup, it is recomended that the
swtch be in the MANUAL position for this period.. In the
AUTO node, the ozone generator is put into feedback wth
the photoneter. The operator selects the desired ozone
concentration using the OGZONE ADJ Switch (1008~PC only).

NOTE

Wien in the "Auto" mode, turning the
t humbwheel digits to "ooo" will not conpletely

shut off the ozone generating |anp. The
"ozone" switch must be turned off as well. If
it is not, ozone generation may occur
sporadically, as the internal conput er

attenpts to create this |ow | evel of ozone
dialed into the thunbwheel.

REMOTE/ LOCAL Switch - Gves the user the capability of

operating the ozone generator locally or by renote
command (1008-RS only).
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5.2 Renote "zero" or "span" (peration for the Mdel 1008-RS

The Mbdel 1008-RSs is designed to be renptely switched into a
zero and/or span-check node upon contact closure via datal ogger.
To activate either of these nodes from the back panel, the operator
must have the front panel first switched to the "“remote" position.
Then the operator nust short between the screw |abeled "+5 wv" and
the desired function. The unit will remain in these nodes until
the shorts are renmoved by the datal ogger.

To activate the "zero" node, sinply short between the "+5v"
screw and the "gero" screw and the punp and valve will be activated
(thus, allowing the zero air source attached to the "Zero" back
panel port to be sanpled by the analyzer). To activate the "span"
node, though, the operator nust also short between the "+5V" screw
and the "Span" screw. By doing this, the internal ozonator lanp is
enabled to generate a level of ozone as determned by the front
panel "o3 Adjust® thunbwheel switch.

5.3 Start Up
5.3.1 Turn On

Connect the instrument as described in Section 2.0 and turn on
the power switch (renenber to open the instrument and check for

| oose PC boards first). The front panel will be lit up as soon as
power is applied.
5.3.2 Error Code

If the instrunent is in the OPERATE Mbde when it is first
turned on, or if an error ever occurs while in the OPERATE Mde, an
error code is generated, consisting of the nunber 3. This is
di spl a&ed since the sample frequency is below 300,000 Hz. o

|y applicable the error code is displayed: all other digits
are blanked. The error code is only functional in the OPERATE Mode
and does not affect the RECORDER QUTPUT (i.e., the RECORDER OUTPUT
continues to give ozone information when the error code is being

di spl ayed) .
5.3.3 Varm Up

The instrument should be given thirty mnutes to warm up from
the time it is first turned on. If the error code is still
di spl ayed after 30 mnutes warm up, refer to the maintenance
section.

5.4 Recorder QOperation
The recorded voltage on the back panel of the instrument is
derived from a 12 bit digital to analog converter (DAC.

Therefore, only three digits of any displayed value are recorded.
See Section 6.6.3, Recorder Adjustnents.
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5.5 Shut  Down

If the analyzer will not be used for an extended period of
tinme, turning it off will extend the life of the punp, valve, and
the W light source. To do so, push the power button to the OFF

posi tion.
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Figure 5-1 Analyzer Controls and Indicators
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Figure 5-2 (Qzone Generator Controls and Indicators (PC)
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Figure 5-3 QOzone GCenerator Controls and Indicators (RS)
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6.0 MAI NTENANCE
6.1 CGener al

Test equipnment required to perform maintenance is listed, and
preventive maintenance and maintenance schedules are detailed. An
introduction to corrective naintenance explains the general
approach to trouble isolation. Performance checks are described.
Detailed adjustments and optics cleaning procedures are covered.
6.2 Test Equipment Required

1) Cscill oscope = frequency response, DC to 2 Mz

2) Frequency Meter =~ frequency response up to 2 Miz

3) Power Supply =~ adjustable, O 10 volts

1) Vol t met er

5) Barometer = accurate to +0.001 atm

6) Thernoneter = accurate to £0.1° C

6.3 Preventive Mintenance

Preventive maintenance is a quality control procedure and MJST
be done periodically in order to maintain the integrity of the
i nstrunent.

6.3.1 Mai nt enance Schedul es

_ It is highly recoomended that a log be kept with the
instrument, since the naintenance schedules are done according to
total hours of "instrument ON" tine.

6.3.2 Scrubber Cartridge Replacenent (Figure 6-1)

The precise life span of the ozone scrubber is directly
proportional to the level and characteristics of the pollutants
flowing through it. The higher the concentration of the
pol lutants, or the "harsher" their characteristics (such as
sul furic acid), the less the life span of the scrubber wll be
Dasi bi recomends initial replacement of the scrubber cartridge
every four nonths, until an "average" life span can be determ ned
based upon experience W th actual” operating conditions at each
installation site.

To replace the scrubber cartridge, the scrubber assenmbly nust
first be renoved from the instrument. To acconplish this, 1oosen
the two Kynar nuts from both ends of the scrubber assenbly and
remove it from the chassis.
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Wiile holding the cartridge with the heads of the four

t humbscrews facing up, remove the thunbscrews. Gently lift-off the
top end cap to expose the cartridge assenbly. There are Orings on
each side of the cartridge to provide the pneunatic seal. Renove
blolth of the Orings along with the cartridge assenbly and discard
all. .
Position each of the replacenent Orings into the end caps.
It is inportant that the outer edges of the Orings touch the wall
of the end caps to ensure an adequate seal. If there is any
cl earance between the Oring and the wall, stretching the Oring
about a quarter of an inch wll take-up the slack.

Insert the replacenent cartridge into the end cap with the
four threaded holes and set the other end cap on top of it, paying
attention to the orientation of the Kynar fittings. Start  the
thread of all four thunbscrews before tightening any one of them
To prevent the end cap from "cocking," rotate each screw
alternately one turn, until each is finger-tight. DO NOT
overtighten these screws.

To re-install the scrubber assembly in the instrument chassis,
reverse the process described above for removal from the chassis.
It is NOT necessary to use a wench on the Kynar nuts (unless they

have been damaged previously).

6.3.3 Cooling Fan Filter Pad Ceaning (Figure 6-2)

It is inportant that the instrunment has an adequate air supply
through the cooling fan at the back panel. To ensure this, the
filter pad must be naintained clean.

It is suggested that the filter pad be cleaned weekly.
However, this wll depend upon the operating environment, and this
can de determned by experience for each installation site.

- To clean the filter pad, renobve the outside cover by gently
prying-up the locking tabs with a flat blade screwdriver. Renove
the filter pad and wash in a mld solution of liquid detergent in
warm water. Rinse thoroughly in clear water and allow the filter
pad to dry before re-installing.

Repl ace the filter pad and outside cover in the opposite order
i ndi cated above, making sure that the curved struts in the cover
are aligned with those in the fan housing. The cover snaps in
lace with the locking tabs in the appropriate slots in the fan
ousi ng.

6.4 Corrective Mintenance

6.4.1 Troubl e |Isolation

The approach to trouble isolation is shown in Figure 6-3.
Once a general problem area has been determ ned, the user is
referred to the appropriate block diagram fl owchart, and
acconpanyi ng paragraphs to further diagnose the nalfunction.
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6.5 Per f or mance Checks
6.5.1 Sampl e Fl ow Check

Tap the analyzer flowreter to make sure the float is not stuck
and is actually reading the proper value. The flowreter should
read about 2 1/min. If it does not, see Section 6.6.1, Analyzer
Fl ow Adj ustments.
6.5.2 Span Check

Turn the node switch to SPAN. Record the displayed value from
the front panel. The first three digits MJST read 30.8 and the
last two depend on what zero offset has been sel ected. If it does
not, see Section 6.6.2, Span Adjustnents.
6.5.3 Recorder Span Check

Wth the MODE switch still in the SPAN position, read the
anal og value from the recorder. If the display reads 30.800, then
the recorder should read 0.800 or 80% of full scale. If it does
not, adjust to the proper value ése_e Section 6.6.3, Recorder
Adj ust ment s) . If the last three digits of the SPAN nunber are

hi gher than the maxinum full scale value for the recorder, swtch
the SPAN nunber to a |ower value, check the recorder, and then
swtch the SPAN value back to its original setting.

NOTE

The SPAN nunber nust be set to 30.8
when in the OPERATE node.

6.5.4 Zero Check

Set the nmode switch to ZERO The front panel display should
read 00. 000. Check the recorder to make sure that it is reading
zero. If it is not, adjust the recorder to zero or the instrunment
zero as described in Section 6.6.3, Recorder Adjustnents. If a
recorder zero adjustment is nade, repeat Section 6.5.3, Recorder
Span Check.

6.5.5 Control Frequency Check
1) Front panel controls should be set as follows:

a) MODE Switch set to CONT/PRESS.
b) TP Swtch set to OFF.

2) Record the value. It should be 500 KHz, or 50.000 on the
di spl ay, unless the optional control detector 1is

installed; in which case, this value should be above 200
Khz.
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Sanmpl e Frequency Check
Front Panel Controls should be set as follows:

a) MODE Switch set to SAMP/TEMP.
b) T/P Switch set to OFF.
c) VALVE Switch set to OFF.

Record the val ue. If it is below 35.0, see Section 6.7,
Optics Ceaning Procedures.

Tenperature Check
Di sconnect all gas lines from the back panel.

Front panel controls should be set as follows:

a) MODE Switch set to SAMP/ TEMP.

b) T/P Switch set to ON

c) Anal yzer PUWP Switch set to OFF.
d) VALVE Switch set to OFF.

Connect the leads of a digital voltneter between the
GROUND test point and the TEWMP CAL test point on the 1008
Uni versal Electrometer Adapter Board Assenbly. Adj ust
the trimpot on the Tenperature Circuit Board until the
voltmeter reads 5.463 volts.

After the appropriate stabilization period, the display
should read approximately 30° C

If this reading is not observed, carefully renove the
tenperature sensor by unscrew ng the Kynar nut at the
output of the optics bench. Renove the nut fromthe
sensor. Tape the sensor to the bulb of a nmercury
thernoneter. |If the instrument was just turned on, allow
30 minutes warmup, otherwise allow 10 mnutes for the
tenmperature to stabilize. The display and the
t hermomet er should agree to within +0.3° c; if not, there
is a problemwth the tenperature sensor, and the factory
shoul d be consulted.

Pressure Check

Disconnect all lines from the back panel.
Front panel controls should be set as follows:

a) MODE Switch set to CONT/ PRESS.
b) T/P Switch set to ON
c) Anal yzer PUWP Switch set to OFF.
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3) Compare the displayed value with the barometer: if they
do not agree, see Section 6.6.8, Pressure Adjustments.

6.5.9 System Leak Check

1) Rermlve the sanple line from the SAMPLE INLET on the back
panel .

2) Front panel controls should be set as follows:

a) MODE Switch set to CONT/ PRESS.

b) T/P Switch set to ON

c) Analyzer PUW Switch set to ON

d) VALVE Switch set to ON

e) Anal yzer flowneter set to 2 1/min.

3) Plug the SAMPLE INLET (a finger may be used). The flow,
as Indicated on the flowreter, should drop to zero. If
it does not, there is a leak in the system

6.5.10 Sol enoid Valve Leak Check

1) Rermlve the sanple line fromthe SAMPLE | NLET on the back
panel .

2) Renove the ozone scrubber, and l[ocate the Kynar el bow on
the solenoid valve. This is the ZERO AIR | NLET.

3) Front panel controls should be set as follows:

a) MODE Switch set to CONT/PRESS.

by T/P Switch set to ON

c) Anal yzer PUMP Switch set to ON

d) VALVE Switch set to OFF.

e) Anal yzer flowreter set to 2 1/min.

4) Plug the ZERO AIR I NLET (a finger may be used). The
flow, as indicated on the flowreter, should drop to zero.
If it does not there is leak in the system

5) If no leaks were found, reconnect all in-cabinet plunbing
and repeat Section 6.5.9, System Leak Check.
6.6 Adj ust nent  Procedures
6.6.1 Fl ow Adjustnments

The flow shoul d be ad&uste_d to 2.0 1/min with the flow control
valve on the flowreter. low is not critical since the instrument
is flow independent. However, it should not be less than 1.5 1/min

nor greater than 3.5 1/min.
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6.6.2 Span Adj ustnments

The ozone readings are proportional to the span nunber
el ectronically set into the instrument by the SPAN Sel ector
Switches on the D/'A board. Since this nunber never changes once
set, there is no span drift. The recommended span nunber Is 308.3
atm'cm' (refer to Reference #9 in pendix D of this manual for
additional information about the determnation of this span

nunber) .

1)0 use this span sinply dial the nugbers 3, 0, and 8 in that
order (left to right) on thé switches, 1O verify the span number,
switch the MODE switch to SPAN.  The reading should be 30.8XX.
Wiere XX is the zero offset.

6.6.3 Recorder Adjustments
1) Digit Selector

The DIG T SELECTOR Switch determ nes which roulg of three
digits on the display go to the RE QUTPUT.
Nornally the three digits follow r](% the decinmal point are
of the nost interest. These digits correspond to ozone
concentrations in the range of 0 to 999 ppb. These
digits are selected by setting the DDA T SELECTOR Swi tch
on the left side of the DDA board to position wiw,
However, if the ozone concentration ever exceeded 999 ppb
the nost significant digit wuld not show up on the
recorder chart. For exanple, if the ozone concentration
was 1.018 ppm the recorder would read 0.018 ppm if the
DIG@T SELECTOR Switch was set to position ®i®_ Switching
the DDG@T SELECTOR Switch to position m2w will nake the
chart read 1.01 ppm (and by switching to position "3n the
chart would read 01.0 ppm.

2) Recorder Zero Ofset

The RECORDER ZERO OFFSET Pot is located on the D/A board
between the DIGT SELECTOR Switch and the SPAN Swi tches.
This pot is initially adjusted at the factory and
nornmally is not used unless the operator cannot zero the
recorder with the recorder's controls. Turn the MODE
SELECTOR Switch to ZERO Wien the digital display is
reading all zeros, the strip chart recorder should read

zero.
3) Recorder Span Adj ust ment
The nomnal analog output is one volt per ppm Qt her

nore sensitive ranges can be used, e.g. 100mV per ppm or
1omv per ppm This requires an adjustment of the ANALOG
SPAN Pot on the front panel of the instrunent, or a
specific request when ordering.
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6.6.4 Zero OFfset Adjustnent

The zero offset is designed to allow the operator to use the
instrument With a fixed zero offset, if desired. The offset is
adj ustable from 0 to 9 ppb in steps of 1 ppb by use of the right
hand digital selector swtch on the D A board. The control is
labelled ZERO. The offset adjustnent does not affect the span or
linearity but sinply adds a fixed nunber to all readings. To
verify the zero offset, set the MDE Switch to SPAN. The last or
second to the last digit (depending on the option ordered) on the
di splay should correspond to the nunber selected on the ZERO
Thunbwheel Switch.

The sinplest procedure to make this adjustnent is to turn the
sanple flow OFF with the anal yzer PUWP Switch. Set the ZERO
Thunbwheel Switch to 5 and the MODE Switch to OPERATE. The average
of the nunbers which are read out will be 5 PPB plus or minus the
instrument of fset. (For exanple, suppose that the instrunent
offset is -3 ppb. Following the above procedure the operator wll
observe an average of 00.002 on the display. Thus 2 ppb will be
the total reading offset which should be subtracted from all
subsequent readings to obtain the true ozone reading.) This total
of fset can be canceled with the ZERO Switch for direct readings.

6.6.5 Light Level Adjustnents

Turn the MODE Switch to SAMP/ TEMP, and set both the T/P Switch
and the VALVE Switch to the OFF position. The nunber displayed in
this position is 1/10,000 of the internal sample frequency. The
sanple frequency is proportionalto the amount of light transmtted
through the optics bench.

The instrunent is designed to operate over a wde range of
light |evels. Set the frequency at a point which will allow
maxi mum operating tine before new adjustnments must be nade. The
optimum points for setting the frequency are between 48.0 to 45.0.
As previously nentioned, these nunbers are not critical, and an

instrument would still operate properly if they were 30,0, or even
in the extreme, 15.0. However, 1f the frequency has dropped from
45.0 to 30.0, for example, the amount of accunulated dirt which

woul d cause this would begin to destroy the ozone as it passed
through the system causing low readings for that reason.
Therefore, before making light |evel adjustnents, the optics mnust
be cleaned (see Section 6.7, optics Ceaning Procedure).

HAZARD WARNI NG

Utra Violet light can cause burns
of the cornea. Use glasses to view

the lanp or look at it for only a
couple of seconds at a mninmum

di stance of 0.5 neters.
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To adjust the proper frequency (light level), the thunbscrews
which hold the lamp in place should be |oosened and the |anp pulled
out of the housing to decrease the frequency, or pushed into the
housing to increase the frequency (Figure 6-4). Aternatively, the
lanp may be rotated to change the frequency. It takes very small
novenments of the lanp to nmake |arge frequency changes, and the
t hunbscrews should be tightened to take a frequency reading.

6.6.6 Anal og Vol tage Adjustments

The analog to digital converter (ADCR on the 1/0O board
nmeasures the voltages from the photoneter |anp heater and the
tenperature and pressure sensors. The ADC is set at the factory so
that a O-10 V input corresponds to a OOOH-3FFH binary output. This
can be checked and adjusted as follows:

1) Turn the instrunent OFF.

2) Locate the connector labelled CELL TEMP on the
mot herboard next to the Tenperature Bridge Amplifier.
Make a note as to which pin on the connector has a solid
red wire attached and then unplug the connector.

3) Put a piece of wire into the socket where the red wre
was connect ed. This is the input for the tenperature
signal. A 010 V signal corresponds to 0-50° C.

CAUTI ON

Be careful not to touch any of the other pins
on this connector when the instrunent is
turned ON. Some of the pins in this connector
have 115 VAC.

4) Connect a +10v power supply to the tenperature signal
input. Adjust the power supply voltage to 7.5 volts.

5) Put the MODE Switch in the SAMP/TEMP position and set the
T/P Switch to ON

6) Turn the instrument ON. After the displayed value has
stabilized, it should read 37.5 C If it does not,
adjust the ADC span pot, R6, on the I/O board.

7) Di sconnect the power supply and short the tenperature
signal input to ground.

8) After the displayed value has stabilized, it should read
zero. If it does not, adjust the ADC zero pot, R10, on
the 1/0 board. If a zero adjustnent is nade, repeat

steps 1 through 8.
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6.6.7 Pressure Adjustnents

The only adjustnent required for the pressure neasurenent is
the SPAN. The SPAN Pot is located on the Pressure Anplifier
mounted on the optics bench. Perform span adjustnent as follows:

1) The instrument should be set up as described in Section 6.5.8,
Pressure Check before continuing this procedure.

2) Adj ust the pressure SPAN Pot until the baroneter and the
di spl ayed value conpare. |If after adjusting the SPAN Pot, the
readings do not conpare, see Section 6.6.6, Analog Voltage
Adj ust nent s.

6.7 optics (O eaning Procedure

1) Turn power off to the instrument and renove its cover.
2) Remove the LDHC board.

3) Loosen the top knurled retaining nut and renove the absorption
tube (Figure 6-4).

4) Loosen the bottom knurled retaining nut and renove to clean
both absorption tubes. The absorption tubes may be cleaned by
inserting a Kim Wpe, and pushing it through the tube using a
length of Teflon tube, or an optics cleaning rod (refer to
Section C.7 in Appendix Q).

5) The mrrors my be cleaned in place, using a Q tif)’ t her eby
elimnating the need to disassenble the optical relay block.
If the procedure is not satisfactory, proceed as follows:

a) Renove the triangular optical relay block by |oosening
two screws. This may be done by inserting a screwdriver
through the access hole in the side of the chassis. Hold
the block to prevent it from dropping to the bottom of
the case and damaging the mrrors.

b) Renove the two screws holding each mrror cover plate.

c) Carefully renove the two mrrors and clean with a soft

tissue. If further cleaning efforts are required, a
sol vent may be used, provided it does not leave a film on
the mirrors. Isopropyl alcohol is recommended. Handle

the mrrors at the edges, to prevent fingerprints.

d) Before re-inserting the mrrors, thoroughly clean the
optical relay block. After cleaning the mrrors and the

bl ock, carefully reseat each mrror in the block. If the
mrrors are installed in a cocked position, mrror

breakage will result.
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e) Assemble the mirror, O-ring and cover plate, using the
two cover plate tie-down screws. Tighten each screw
gradually, so as to apply pressure on the mirror evenly,
to avoid cracking the mirrors.

f) Re-install the triangular optical relay block. The
recessed holes on the block should face out.

6) The windows may be cleaned in place, using a Q-tip, thereby
eliminating the need to disassemble the I/0 block. If
unsatisfactory, proceed as follows:

a) Remove the lamp heater electrical connector,

b) Remove the screw holding the window assembly block, and
clean each of the two windows with a soft tissue (Kim
Wipes are recommended). Upon disassembly, hold the block
in place to avoid accidentally dropping and breaking the
windows. Re-install the two windows and reconnect the
block using the tie-down screw.

c) Re~-insert the lamp heater electrical connector.

7) Re-install the bottom absorption tube. A light film of
Stopcock grease may be used on the threaded tube section to
prevent galling the Aluminum. Special care should be taken to
avoid contaminating the absorption tube inner surfaces with
lubricant.

8) Re-install top absorption tube (note comments in # 7).
9) Perform Section 6.5.9, System ILeak Check.
6.8 Teflon Particulate Filter Pad Replacement (Figure 6-5)

The unit is delivered with a particulate filter holder
assembly attached to the sample inlet port on the rear panel. The
Teflon pad inside of this assembly reduces the amount of

particulate matter that will enter the instrument, thus preventing
problems from occurring, while reducing the frequency with which

the optics cell must be cleaned. This pad should be replaced
periodically; how often, is dependent upon the flow rate used and

the concentration of particulate matter in the air stream. A
"trial and error" method of determining how often this pad should

be replaced must be conducted by the end user, much in the same
manner as for the replacement of the unit’s ozone scrubber. To
remove the Teflon filter pad for replacement, follow these

instructions:

1. Remove the Filter Holder Assembly located on the Sample
inlet port by loosening the nut on the Sample port

fitting and pulling the assembly off.
6-10



DASI Bl ENVI RONMENTAL  CORP. TMB20805

2. Use the two green wenches that were delivered with the
unit's manual to grasp the two clanps on either side of
the filter assenbly. Move the wenches in opposite
directions to unscrew the clanps: this may require quite
a bit of torque as the seal may be very tight (in order
to prevent |eaks).

3. Renove the Teflon filter elenent.

4, Install the new filter elenment making sure it is centered
on the filter holder's "grig".

5. Start the re-seal of the filter holder's clanps by
turning the inlet clanp clockwise. Once it is as tight
as it can be made by hand, turn it 1/4 turn using the
wr enches.

6. Re-apply power and check the flow of the instrunent.

1. If a leak exists in the filter holder, turn tighten the
clanmps further, using the wenches, wuntil the |eak
di sappears.

TABLE 6- |
Mai nt enance Schedul e**

Section Per f ormance Checks Frequency (Hrs. of Operation)

6.5.1 Sanpl e Flow Check 24 hrs*

6.5.2 Span Check 168 hrs

6.5.3 Recorder Span Check 168 hrs

6.5.4 Zero Check 168 hrs

6.5.5 Control Frequency Check 168 hrs

6.5.6 Sanpl e Frequency Check 168 hrs

6.5.9 System Leak Check 168 hrs

6.8 Teflon Particulate Filter Pad Replacenent 168 hrs

6.5.10 Sol enoid Valve Leak Check 720 hrs

6.5.7" Tenperature Check 720 hrs

6.5.8 Pressure Check 720 hrs

6.5.9 Scrubber Cartridge Replacemenf#25 hrs (recomended)

*

or each day of which an operator is in attendance.

** See Tables 6-2 and 6-3 for check lists.
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(1 st YEAR OF OPERATION)

Performance Time

Section Performance Check " Schedule
6.5.1 Sample Flow Check Performed each Check
6.5.2 Span Check Performed Weekly:
6.5.3 Recorder Span Check Performed Weekly
6.5.4 Zero Check Performed Weekly

6.5.5 Control Frequency Check Performed Weekly

6.5.6 Sample Frequency Check Performed Weekly,

Mai nt enance Check List (A)
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Performance Time

Section Performance Check Schedule

Solenoid Leak Check rmed Monthly

Temperature Check Perfgrmed Monthly

Pressyre Check- rmed Monthly

TABLE 6-3
Mai nt enance Check List (B)
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Figure e-1 Scrubber Cartridge Replacenent
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Figure 6-5 Teflon Particulate Filter Pad Replacenment
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7.0 REPLACEMENT PARTS LISTS
7.1  General

This section contains a list of major conponents in the
i nstrument. El ectronic boards are listed as conplete assenblies.
A nore detailed parts list can be obtained on request.

7.2 Ordering Information

Al inquiries regarding ordering spare parts should be
addressed to:

Dasibi Environmental Corporation
§06 Paula Avenue

Glendale, CA 91201
Phone: (818) 247-7601 or Fax: (818) 247-7614
7.3  Service Kit for One Year of Operation:
For All 1008 Models:
Fifty (50) Teflon Filter Pads A-0000
For Models 1008-AH, 1008-PC & 1008-RS only:
Two (2) Ozone Scrubber Refill Cartridges Z-0284-5S
For Model 1008-RS Only:
If Unit is Purchased With On-Board Zero Air Source Option:

Five (5) Refill Packages (.3 lbs/pkg) S- 0189

For Model 1008-HC Only:

One (1) ORing for Optics Bench s-0370
One (1) ORng for Optics Bench S 0369
Three (3) Internal Filter Refill (.5 1lbs/pkg) S- 0189

If Unit is Purchased With Reference Measurement Charcoal Filter:
Three (3) Refill Packages (.3 lbs/pkg) S-0189
7.4 Service Kit for Two Years of Operation:
For All 1008 Models:

he Hundred (100) Teflon Filter Pads A- 0000
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For Models 1008-AH, | OOS-PC, [ 00S-PS & |1 00S-RS Only:

Two 52; O-Rings for Absorption Tubes A-0205
Two (2) ORings for Optics Bench Mrrors S- 0346

For Models1008-AH, 1008-PC, 1008-PS & | OOS- RS (110 Vold) Only:

One (1) U V. Lanp Assenbly A-0204-S
For Models1008-AH, 1008-PC & | OCS- RS oOnly:
Five (5) Ozone Scrubber Refill Cartridges Z-0284-S

For Models 100S-PC, 100S-PS & 1008-RS Only:

One (1) Ozone Cenerator Punp Repair Kit R- 0089
For Models I00S-PC, 100S-PS & I0O0S-RS (110 Volt) Only:

One (1) Ozone GCenerator Lanp Assenbly c-0120-s
For Models 1008-AH & | OOS- RS Only:

One (1) Photoneter Punp Repair Kit R- 0089
For Models 100S-PC & 100S-PS Only:

One (1) Photometer Punp Di aphragm R- 0005
For Model 100S-RS Only:

If Unit is Purchased With On-Board Zero Air Source Option:

Ten (10) Refill Packages (-3 |bs/pkg) S-0189
For Model I00S-RS, 220 Volt, Only:
ne (1) U V. Lanp Assenbly A- 0204- RS
One (1) Ozone Generator Lanp Assenbly' C-0120-RS
For Model 1008-HC Only:
One (1) ORing for Qptics Bench s-0370
One (1) ORing for Qptics Bench S- 0369
Seven (7) Internal Filter Refill (.5 |bs/pkg) S-0189

If Unit is Purchased With Reference Measurement Charcoal Filter:

Seven (7) Refill Packages (.3 |bs/pkg) S-0189
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If Unit is Purchased With Internal Pump:
One (1) Photometer Punp Repair

7.5 Replacement Component/Assembly Stock Numbers*

Description

Mechanical Parts/Assemblies:

For All 1008 Configurations:

Power cord
Function Switch Assenbly

Fl owreter Assenbly (O3 LPM
Phot ometer Val ve Assenbly
Repl acenent  Di aphragm

Back Panel Fan ‘ _
Particulate Filter Holder (WFilter Inside)

For Models1008-AH, 1008-PC, 1008-PS & 100%RS only:

Optics Bench Assenbly rTgDDoes Not Include Lanp)
Rel ay Block Asse
Li ght Source Bl ock Assenbly
Absorption Tube Assenbly (One)
Optics Bench Mrror
Optics Bench W ndow
O Ring EI nl et Bl ock)
O Det ect or Bl ock)
Optics Ceaning Rod Handle
Optics Ceaning End Rod
Optics Ceaning Mddle Rod
Optics Cleaning Rod Assenbly Holding dips
Mai nt enance Tool: 1/16" Allen Wench

For Models 1008-AH, 1008-PC & 1008-RS Only:
Qzone Scrubber Assenbly

For Models 1008-PC, 1008-PS & 1008-RS Only:
Thumbwheel (Manual 03 Adj.)
Anal og CQutput Potentioneter
Fl owneter Assenbly (O 6 LPM

ForMbdel s 1008-AH & 1008-HC Only:
Fuse

Power Switch Assenbly
Pump Switch Assenbly (Photoneter)

7-3

Ki t

110 Volt

A- 0224
S-0396-A
A-0271-1
S-0438-A
R- 0092
D-0114
B-0104- A

TMD20805

R-0089

220 Volt

Same as 110\H7

1
! 1

Z-0022-08/09 Sane as 110V

Z-0125-A
Z-0032-A
Z-0378-A
A-0210
A-0209
A-0212
A- 0205
S- 0366
S- 0367
S- 0368
S- 0382
s- 0415

Z-0284- A

A- 0460
A- 0175
A-0271-2

A- 0220
B-0098- B
A-0173-A

Same as 110V

Same as 110V
"

A-0109
B- 0098- B- 220V
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Description

TMB20805

110 Volt 220 Volt

Mechanical Parts/Assemblies (Continued):

For Models1008-PC & 1008-PS Only:

Power Switch Assenbly
Thumbwheel Assenbly (Auto 03 Adj.)
0, Generator Punp Assenbly
Phot ometer Punp Assenbly
El bow Fitting
Tee Fitting

Qzone Generator Assenbly (WO Lanp)

Qzonator Lamp O Ring
Side Blower Assenbly

For Model 1008-AH:
Phot oneter Punp Assenbly
For Model 1008-RS Only:

Power Switch Assenbly

Pump Switch Assenbly (Photoneter)

"Remote" Valve Assenbly
Repl acenent O Ring
Repl acenent  Upper
Repl acenent  Lower

Phot oneter Punp Assenbng
0, Generator Punp Assenbl y

Di aphragm
Di aphragm

Qzone Cenerator Assenbly (Does Not Include Lanp)

Ozone Generator O Ring
For Model 1008-HC Only:

Optics Bench Assenbly (Does Not |nclude Lanp)

Optics Cell Spacing Shim
Light Source Block Assenbly
Optics Bench W ndow

Internal Filter Assenbly

Pneumatic Parts/Assemblies:

For All 1008 Configurations:

174" Teflon Tubing (Price/Foot)
174% Tygon Tubing (Price/Foot)

7-

4

B- 0098 Specify 220V
A- 0443-B Sane as 110V
A-0218K-110V A-~0218K-220V
A-0218-A Sane as 110Y
R- 0003 |
R- 0004 l
2-0271-PC |
A- 0213 "
A-0226- A A-0319-A

A-0218J~110V A~0218J-220V

B- 0098- A B- 0098- RS
A-0173-A A-0173-RS
A-0203-S A-0203-R
R- 0006 Sane as 110\(
R- 0013 |
R-0014 "
A-0218J-110V A~-0218J-RS
A-0218K-110V  A-0218K-RS

Z-0271-A Sane as 110Y
A- 0213 |

Z-0100-B Same as 11o0v
S- 0423 "
Z-0032-A "
A-0209 "
Z-0109-D "
N- 0034 Sane as. 110V
s-0021 n
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Descrintion

For All 1008 Configurations:

CORP.

Electronic Parts/Assemblies:

CPU Menory Board Assenbly

LED
I.C. (Ul)
I.Cc. (U2)
RAM (U3)
I.c. (U4)
I.c. (U5)
[.C. (U6)
Crystal (U7)
I.C. (U8)
I.c. (U9)
I.c. (U10)
I.c. (U11)
I.c. (Ul2)
I.C. (U13)
I.Cc. (Ul4)
DA Board Assenbly
I.C. (U1 & U2)
I.C. (U3)
I.C. (U4)

Converter (U5)
I.c. (UB)

I.C.

(U9)

D splay Board Assenbly

LED

I.c. (Ul & U2)

I.C.
I.C.
I.C.

(U3)
(U4)
(U3)

Counter Board Assenbly
I.Cc. (U1 & U2)

I.Cl

(U3)
(U4)
(US)

(U6 & U7)
(U8 thru U19)

(U20)

LDHC Board Assenbly
Transforner (T1)
Transi stor (Q2 & Q3)
Regul ator (VR2)

I'c-
I.C.

I.C.

(Ul)
(U2)
(U3)

7-5
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110 Volt

S-0372-A
A-0177
A- 0058
S- 0325
s- 0400
A- 0057
S-0218
A-0276
s-0373
s-0371
N- 0071
A- 0159
A- 0155
A-0165
A- 0281
A- 0287
A-0428- A
A- 0063
A- 0283
A- 0281

B- 0067
A- 0437
A- 0159
A-0430-A
A-0177
A- 0063
A- 0283
A- 0281
A- 0159
A-0429- A
A- 0063

A. -0283
A- 0281
A- 0159
A- 0276
A- 0285
A- 0282
A-0432-B
A-0148
A-0129
T-0442
A- 0159
A- 0154
A- 0168

220 Volt

Sane as 110V
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Description 110 Volt 220 Volt
Electronic Parts/Assemblies (Continued):
Val ve/ Regul at or Board S-0444- A Same as 110V
Regul at or (VR1) A- 0531 "
Regul ator. (VR2 A-0138 "
Regul ator (VR3 T- 0442 "
I.Cc. (Ul) c- 0041 "
Pressure Sensor Board Assenbly A- 0435- A "
Swi tch A- 0475 "
I.C. (Ul) A- 0483 "
Tenperature Sensor Board Assenbly S-0238-A L
Op Amp S 0247 "
El ectroneter Adapter Board Assenbly S-0265-A L
RIN Tester Assenbly S-0263-A "
Sampl e Channel Electroneter Board S-0266- A L
Op- (U1) A- 0530 L
I.C. (U2) A- 0340 L
I.C. (U3) A- 0155 "
I.C. (U4) A-0168 "
I.C.(US) S- 0245 "
I.C.(U6) S- 0246 "
Control Channel Electroneter Board Assenbly S-0260- A "
I.C. A-0168 L
Detector Assenbly Only A-0263-B "

Detector (Specify Sample or Control Channel) A-0263 L
For Models1008-AH, 1008-PC, 1008-PS & 1008-RS (n| y:

Tenperature Sensor Assenbly A-0370-A "
For Models1008-AH, 1008-RS & 1008-HC Only:

|/ O Board Assenbly S-0025-A Same as 110V
I.C. (U2) A- 0409 "
I.c. (U3) A- 0283 L
I.C. (U4) A- 0281 "
I.C. (U5) A- 0159 L
[.C. (U6) A- 0030 L
Converter (U7) A- 0406 L
I.C. (U9) B- 0035 n
For Models1008-AH & 1008-HC Only:

Mot her Board Assenbly A-0433-A A-0433- A- 220V
Mai n  Transf or mer s-0022 S-0022A
Pot enti onet er A-0175 Same as 110v
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Description

110 Volt

Electronic Parts/Assemblies (Continued):

For Models 1008-PC & 1008-PS Only:

Mot her Board Assenbly

Main  Transfor mer
Pot enti onet er

|/ O Board Assenbly
I.C. (Ul & U2)

I.C. (U3)
I.C. (U4)
I.Cc. (U5)
I.C. (U6)
Converter (U7)
Converter (us)
I.C. (U9)

Ozone Control Board Assenbly
Transformer (T1)
Transi stor (Q1)
Transi stor (Q2)
Transistor (@3 & Q4)

I.C. (IC1)
I.C. (IC2)
I.C. (133)

For Model 1008-RS Only:

Mot her Board Assenbly
Mai n  Transf or mer
Pot ent i onet er
Rel ay( RY1)

Ozone Control Board Assenbly
Tr ansf or mer
Transistor (d)
Transi stor (Q2)
Transistor (03 & Q)
Regul at or (UR1)
Regul ator (UR2)
Regul ator (UR3)
I.C. (U1)

I.Cc. (U2)
I.C. (U3)

For Model 1008-HC Only:

Tenperature Sensor Assenbly

7 -

7

-

A-0433-P
S-0b22
A-0175
S-0025-B
A- 0409
A- 0283
A- 0281
A- 0159
A- 0030
A- 0406
B- 0067
B- 0035
A-0431-A
A- 0148
B- 0050
B- 0049
A- 0418
A-0159
A- 0154
B- 0042

A-0433-R
s- 0022
A-0175
A- 0217
A-0099- A
A- 0148
B- 0050
B- 0049
A-0129
A-0151
A- 0347
A- 0082
A- 0159
A- 0154
B- 0042

A-0370-C

TMD20805

220 Volt

A- 0433-P- 220V
S-0022A

Same as 11iov
n

|

"

A-0433-R- 220V
S-0022A
Sanme as 110V

1
"

Sanme as 110V



DASI Bl ENVI RONMVENTAL  CORP.

Description

4-20 mA Qut put

110 Volt

Components For Options:

For All 1008 Configurations:

| sol ated Anal og

Det ect or

Qut put Board

RS232 Board Driver |.C
Dual Detector Control Channel

I.C.(AD652)
Op-Amp

Dual Detector Assenbly (Pair)

Control Detector embl _
Tenmperature Sensor Circuit (Used with Blue Box) S-0345-A

Tenperature Sensor

*

Pl ease consult

Board Module (U2)

I.C. (U1)

Bl ock Assenbly (Retrofit)

S-0228
S-0227
Z-0119-A
T- 0156

El ectrometer Board S-0287-A

Assenmbly (Only)

factory for

addi ti onal

7-

8

S-0289
A- 0530
A-0263-C
A-0263-D

Assenbly (Used with Blue Box) A-0370-B

stock numnbers.

TMD20805

220 Volt

Sanme as 110v
1]
I
I
|

fn
1}
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APPENDI X A

MODEL 1008-HC | NFORVATI ON
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Al Gener al

The information in this appendix applies only to Mdel 1008-
HC, which neasures nmuch higher ozone concentrations than Models

1008-AH, 1008-pPc, and 1008~RS. The nornal range of Mdel 1008-HC
is fromO to 10 percent by weight (O 60,350 ppm by volune). Even
though it is electronically identical to the other nodels, there
are some pneumatic and optical differences the user should be aware

of :

L. Model 1008-HC usually does not contain a sanple punp.

2. Model 1008~HC does not use a built-in ozone scrubber as its
zero reference; it uses some of the air or oxygen (or anbient
air) used to generate ozone. For this reason there is an

inlet port on the rear of the instrunent 1labelled "zero".

3. The length of the optical cell in Mdel 1008-HC is 0.076 cm
instead of 71 cm  For this reason the flow rate need not be
2.0 1/min, but a flow rate of 0.5-1.0 1/min is sufficient.

4, Because nost |arge scale ozone generators operate wth
positive pressure, the absolute pressure sensor in Mdel 1008-
HC measures up to 30 psig, Wth the sane voltage range.

NOTE

If the ozone sanple and the zero air (carrier gas) are
not under positive pressure, a punp can be used to pull

in the sanple and reference gases. The suction side of
the punp nust be connected to the port 1labelled
"exhaust". [In order to protect the punp from high ozone
levels (usually 1% or nore) a nolecular sieve cartridge
(300-400 cc volume) nust be connected between the exhaust
port of the analyzer and the suction side of the punp.

If a nolecular sieve cartridge is not necessary because
the punp is resistant to high ozone, then the exhaust of

the punp nust be vented safelv Figure A-l shows a
typi cal connection of Mdel 21008-HC to the gas stream of
an ozone generator.

A 2 Assenbly of Sample Cell

Under conditions of normal operation, the sanple cell w ndows
wi Il eventually becone contamnated with dirt and ﬁlﬁrtim”a&‘f from
the sanple gas and nust be cleaned periodically. e schedule for
such cleaning has been described under Section 6.0, Mintenance.
Here, the disassenbly of the sanple cell, the cleaning of w ndows,
and the reassenbly of the cell are described.

A-2
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To renove the cell from the instrument, disconnect the inlet
and outlet lines at the Swagel ock fittings on the cell block.
Loosen the detector set screws and renove the detectors. Rermove
the two screws holding the cell block to the cell base.

Figure A-2 shows the components that are contained in the
sample cell. Renove the four screws holding the w ndow plate. All
of the conponents in the cell are now free to be renoved.
Carefully allow them to slide out of the cell onto a cloth placed
on the workbench. _ .

Wpe all of the conponents clean with a lint-free cloth.
Clean the quartz windows with alcohol, being careful to hold them
only by their edges after cleaning to avoid contam nation wth
fingerprints. It"is advised to wash your hands before the actual
cleaning and reassenbly of the cell are perforned.

After cleaning, the conponents are replaced in the sanple cell
in the order shown in Figure A 2. The onI?/ critical item here is
that the path length spacer nust be properly aligned so that the
sample flow rTa?/ pass freely through the sanple cell. Figure: A-2
shows the sanple flow as a heavy dotted Iine. After reassenbly,
the notch, on the gap between the two .0298" shins (for the L =
.0298" path length instrument) nust be aligned with the flow path
direction as indicated on the figure.

Wien all of the conponents are in place in the sanple cell,
visual Iy check throu%h the sanple inlet port that the path |ength
spacer gap is properly aligned. Screw the w ndow plate back down
onto the cell block for a tight sealing of the o-rings.

Leak check the re-assenbled unit by attaching a 10 psi source

of gas to the exhaust fitting. Hol d your finger over the sanple
gas inlet port and using "snoop" or other substance, ensure that
the unit does not |eak at this pressure. If it does, visually

check the status of the o-rings to verify that they are worn out.

After a successful |eak check, the unit is ready for
replacement in the instrument. Repl ace the sanple gas inlet, and
attach the optics block to the cell base with the two screws. Re-
attach the exhaust line to the Swagelock fitting and install the
detectors and tighten in place with the set screws. The instrunent
is now ready for operation. After the unit has warned up it may be
necessary to readjust the sanple frequency.

A-3



DASI Bl ENVI RONMVENTAL CORP. TMD20805

OZONE d - CLEAN
SN GENERATOR ?@#ﬂ_ RI‘??Y
, SUPPLY
1 6O
@

l VENT
TO0 SAFELY l l E:%@= VENT

PROCESS
VENT @
SAFELY
@ Pressure regulator (2-5 PSI) ﬁ @ M@
@ Pressure regulator (2-5 PSI)
( %)
@ Zero air inlet R
@ Ozone sample inlet OZONE
_MONITOR
@ Flowmeter (.5-1LPM) 2,
| | REED
@ Particulate filter R J
O Charcoal filter (optional) .
0 | :
Monitor outlet @

. Item for this point is only required when the clean dry air supply is not available.

All fittings and lines (possibly 1/4" OD) should be either teflon or stainless steel or
combination of both.

Figure A-1 Connection of Mdel 1008-HC to Ozone GCenerator
A-4



DASI Bl ENVI RONVENTAL CORP. TMP01101

DETECTOR BLOCK
(2-0429) 7

LIGHT SOURCE
Bl OCK AESEMBLY
(z-0032-A)

=)

N

6-32x1'%,
FLAT HEAD SCREW
2x

G-32 X I/2*
FLAT HEAD SCREW
3

HC CELL
(z-0317)

e HC CELL BASE:
(Z-036)

] .
3X (A role) .
©-32 X 34
FLAT HEAD SCREW
2X

Figure A-2 Mdel 1008-HC Sanple Cell Conponents
A-5
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APPENDI X B

| NSTRUVENT  CALI BRATI ON
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B. | CGeneral  (New w Calibration Procedure)

The new w calibration procedure is quite sinple. After
generating a stable, ozone concentration with an ozone generator,
the operator assays it by passing all or a portion of the gas flow
through the cell of a w photoneter. The photoneter readings are
then used in a formula to calculate the ozone concentration, ~which
|s effectively a primary Ozone standard. Most commercial |y
avail abl e photometers do the photometric cal cul ations
automatically, and sonme may al so nake tenperature and pressure
corrections automatically. The primary burden on the operator is
to insure that:

1) The photometer is operating correctly.
2) The apparatus is set up properly, is clean and |eak-free.
3) The calculations are conplete and accurate.

While none of these is particularly difficult, EPA has
prepared a Technical Assistance Document which explains these tasks
and provides other detailed information about the procedure
(Reference #9 in Appendix D). The photoneter is obviously of
critical inportance to the procedure and nust have a precision
within 0.005 Bpm or 3% of the concentration, whichever is greater.
Wi le a calibration photoneter can be assenbled from |aboratory
components, EPA recommends the purchase of a commercial photoneter
which is either designed specifically for this calibration
procedure or which can be readily adapted to it. Such a photoneter
and ozone generator systemis the Dasibi Mdel 1008-pc (Fig. B-1).

w Photoneters of the type used in anbient ozone analyzers are
likely to be suitable as calibration photoneters. Conversion of an
ambient W analyzer to a calibration photoneter is covered in the
Techni cal  Assistance Docunent. However, 1t 1Is inportant to
differentiate between the use of a UV photoneter as an anbi ent
anal yzer and its use as a calibration photoneter. This distinction
IS predicated nore on o;r)erational differences than on any specific
physical differences. he new calibration procedure requires that

a photometer used for calibration nust be:

1) Dedi cat ed exclusivelv to such use.

2) Miust be maintained under neticulous conditions.
3) Miust be used only with clean calibration gases.

w anal yzers used for anbient nonitoring should always be
calibrated with an independent calibration photoneter or a
certified transfer standard. A w analyzer should not be
consi dered to be "self-calibrated" even though it contains a W
phot onet er whi ch neets the specifications of the Wcalibration

procedur e.
B- 2
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B. 2 Calibration Procedure

The calibration procedure is based on the Photorreter's ass]aﬁf
of ozone (0;) concentrations in a dynamc flow system e
concentrat|on of 0, in an absorption cell is determned froma

measur ement of the anmpunt of 254 nm |ight absorbed by the sanple.
This determnation requires know edge of:

1) The absorption coefficient (A of 0, at 253.7 nm
2) The optical path length (L) through the sanple.

3) The transmttance of the sanple at a wavelength of 253.7
nm

4) The tenperature (T) and pressure (P) of the sanple.

The transmttance is defined as the ratio I/l,, where | is the
intensity of light which passes through the cell and is sensed by
the detector when the cell contains an 0, sanple, and I, is the
intensity of light which Ipasses t hrough the cell and is sensgd
the deteCtor V\hen the cell contains zero air. |t I's assumed that
all conditions of the system except for the contents of the
absorption cell, are identical during nmeasurenment of | and I,. The

quantities defined above are related by the Beer-Lanbert absorption
law as presented next:

Transmittance = ':'[' =e'm'l (ALC), (1)
IO
wher e,
A = absorption coeff|C| ent of 0, at 253.7 nm

(308.3 atm™ cm' at 0° C and 760 nm Hg)

0, concentration in atnospheres
optical path length in cm

C
L

In practice, a stable O, generator _is used to produce 09s
concentrations over the required range. Each 0, concentration IS
deternm ned from the neasurenent of the transm ttance .« gy of the
sample at 253.7 nm with a photometer of path length L
cal culated from the equation:

| I

. (— _0O (2a)
C(atm) = Yint 1)
(atm) ( n I

or,

10 1
o (2b)
c{ppm) = ( Y(n( "
AL I

B-3
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The calculated o; concentrations nust be corrected for o
| osses which may occur in the photoneter and for the tenperature
and pressure of the sanmple. This procedure is applicable to the
calibration of anbient air 0O, analyzers, either directly or by
nmeans of a transfer standard certified by this procedure. Transfer
standards nust neet the requirements and specifications set forth
in Reference 8, as provided in Appendix D.

A conplete w calibration system consists of an ozone
generator, an appropriate source of zero air, and other conponents
as necessary. The configuration nmust provide a stable ozone
Concentration at the system output and allow the photometer to
accurately assay the output concentration to the precision
specified for the photoneter.

Figure B-2 shows a conmonly used configuration and serves to
Illustrate the calibration procedure which follows. O her
configurations may require appropriate variations in the procedural
steps. Al'l connections between conponents in the calibration
system downstream of the 0, generator should be of glass, Teflon,
or other relatively inert materials. Addi ti onal i nformation
regarding the assenbly of a w photoneter calibrating apparatus is
given in Reference 9 (Appendix D).

For certification of transfer standards which provide their
own source of 0,, the transfer standard nay replace the 0, generator
and possibly other conmponents shown in Figure B-2 (refer Reference

8 of Aﬁpendix D). _ _
The photoneter consists of a |low pressure mercury discharge

lamp, (optional) collimtion optics, an absorption «cell, a
detector, and signal-processing electronics, as illustrated in
Figure B-2. It must be capable of nmeasuring the transmttance,

L/L,at_a wavelength of 253.7 nmwth sufficient precision that the
standard deviation of the concentration neasurenents does not
exceed 0.005 ppm or 3% of the concentration.

Because the | ow pressure nercury |lanp radi ates at several
wavel engths, the photoneter nust incorporate suitable neans to
ensure that no 0, is generated in the cell by the lanp, and that at
| east 99.5% of the radiation sensed by the detector is 253.7 nm
radi ati on. (This can be readily achieved by prudent selection of
optical filter and detector response characteristics). The length
oF the light path through the absorption cell nust be known with an
accuracy of at least 99.5% In addition, the cell and associated
plumbing nust be designed to ninimze lossof o, from contact wth
cell walls and gas handling conponents. Ste Reference 9 in
Appendix p for additional information.

Alr Flow controllers: Devices capable of regulating air flows

as necessary to nmeet the output stability
and photoneter precision requirenents.

Qzone Generator: Device capable of generating stable |evels of
0, over the required concentration range.
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Output_mani f ol d: The output manifold should be constructed of
glass, Teflon, or other relatively Inert
material, and should be of sufficient dianeter
to ensure a negligible pressure drop at the
phot onmeter connection and other output ports.
The system nust have a vent designed to insure
at nospheric pressure in the manifold and to
prevent ambi ent air from entering the
mani f ol d.

Two-wav valve: Manual or automatic valve, or other means to switch
the photonmeter flow between zero air and the O,

concentrati on.

Tenoerature indicator: Accurate to #1° C

Baronmeter or pressure indicator: Accurate to +2 torr.

Zero air: The zero air nust be free of contam nants which woul d
cause a detectable response from the 0, analyzer, and it
should be free of NO cH, and other species which react
with 0,.

A procedure for generating suitable zero air is given in
Reference 9 (Appendix D). As shown in Figure B-2, the zero air
supplied to the photometer cell for the I, reference neasurenent
must be derived from the sane source as zero air used for
generation of the ozone concentration to be assayed (I
measur enent) . When using the photoneter to certify a transfer
standard having its own source of ozone (Reference 8, Appendix D).

B.2.1 Procedure
Gener al Qper ati on: The calibration photoneter nust be
dedi cated exclusively to use as calibration standard. It should

always be used with clean, filtered calibration gases, and never
used for anbient air sampling. Consideration should be given to
| ocating the calibration photonmeter in a clean |aboratory where it
can be stationary, protected from physical shock, oPerated by a
responsi ble analyst, and used for a common standard for all field
calibrations via transfer standards.

Preparati on: Proper operation of the photoneter is of
critical inportance to the accuracy of this procedure. The
following steps will help to verify the proper operation. The

steps are not necessarily required prior to each use of the
photometer. Upon initial operation of the photometer, these steps
should be carried out frequently, Wth all quantitative results or
indications recorded in a chronological record either in tabular

formor plotted on a graphical chart. As the performance and
stability record of the photoneter is established, the frequency of

these steps may be reduced, consistent with the docunented

stability of the photoneter.
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Instruction manual: Carry out all set-up and adj ustnent
procedures or checks as described in the operation or instruction
manual associated with the photoneter.

System Check: Check the photoneter system for integrity,

| eaks, cleanliness, proper flow rates, etc. Service or replace
filters and zero air scrubbers or other consunable materials, as
necessary.

Linearity: Verify that the photoneter nanufacturer has
adequately established that the linearity error of the photoneter
is less than 3%, or test the linearity by dilution as follows:

- Generate and assay an 0, concentration near the upper range
limt of the system (0.5 or 1.0 ppm), then accurately dilute that

concentration with zero air and reassay it. Repeat at several
different dilution ratios. Conpare the assay of the diluted
concentration divided by the dilution ratio, as follows:

E = <—L-A1 .AAZ Ry » 100% 3)

where, | _

E = linearity error, percent _

A, = assay of the original concentration

A, = assay of the undiluted concentration _

R® = dilution ratio (i.e., flow of original concentration

divided by the total flow).

The linearity error nust be less than 5% Since the accuracy
of the neasured flowates wll affect the linearity error as
measured this way, the test is not necessarily conclusive.
Additional information on verifying linearity is contained in
Reference 9, Appendix D.

| nt er commari son: Wien possible, the photoneter should be
occasionally interconpared, either directly or via transfer
standards, wth calibration photometers used by other agencies or
| abor at ori es.

Ozone |osses:  Some portion of the o, may be |ost upon contact
with the photoneter cell walls and gas handling conponents. The
magni tude of this loss nmust be determned and used to correct the
calculated 0, concentration. This loss nust not exceed 5%  Some
guidelines for quantitatively determning this loss are discussed
I'n Reference 9, Appendix D

B.2.2 Assay of 0, Concentrations
L. Al low the photometer to warm up and stabilize.

2. Verify that the flowrate through the photoneter absorption
cell, F, allows the cell to be flushed in a reasonably short
period of time (2 liter/min is a typical flow). The precision
of the neasurenents is inversely related to the time required
for flushing, since the photometer drift error increases wth
time.
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10.

Ensure that the flowrate into the output manifold is at |east
1 1liter/min greater than the flowrate required by the
photoneter and any other flow demand connected to the

mani f ol d.

Ensure that the flowrate of zero air, F, is at least 1
liter/min greater than the flowrate required by the

phot onet er .

Wth zero air flow n% in the output manifold, actuate the two-
way valve to allow the photoneter to sanple first the nmanifold
zero air, then F. The two photoneter readings must be equal

(1 =1,).
NOTE

In some commercially available photoneters, such as the
Dasi bi Mdel 1008-pPC, the operation of the two-way valve
and various ot her operations are carried out

automatically by the photoneter.

Adjust the 0, generator to produce an 0, concentration as
needed.

Actuate the two-way valve to allow the photoneter to sanple
the ozone concentration until the absorption «cell is
t horoughly flushed and record the stable nmeasured value of 1,,.

Actuate the two-way valve to allow the photoneter to sanple
the ozone concentration until the absorption «cell is
t horoughly flushed and record the stable measured value of |I.

Record the tenperature and pressure of the sanple in the

phot oneter absorption cell. (See Reference 9 for guidance).
Cal cul ate the 0, concentration from Equation (B-1). An
average of several determinations wll provide better
preci sion. !
il
_ 10 x 760 x T _I_Q )
“Y our” ALPD x 273.15 "1 (3
wher e:
(O3)oyy = 0, concentration, ppm
A = absorption coefficient of 0, at 253.7 4nm
(308.3 atm! cm' at 0° C and 760 mm Hg)
L = optical path length, cm
T = sanple tenperature, ° K
P = sanple pressure, nmm Hg _
D = f:orr;ection factor for 0, losses = (1 - fraction 0,
ost).
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NOTE

Some commercial photonmeters, such as Dasibi Model 1008-PC
automatically evaluate Equation (B-1), except for D. It
is the operator's responsibility to verify that the
information required for Equation (B-1) is” obtained,
either automatically by the photometer or nanually. For
"automatic" photoneters which evaluate the logarithmc
term of Equation (B-1) based on a |inear approximtion,

a manual correction may be required, particularly at
higher O; levels. See the photonmeter instruction nanual
and Reference 9, Appendix D for guidance.

11.  Ootain additional 0, concentration standards as necessary by
repeating steps 6 to 10.

Certification of transfer standards: A transfer is certified
by relating the output of the transfer standard to one or nore
ozone standards as determned according to Section B.2.2. The
exact procedure varies depending on the nature and design of the
transfer standard. Consult Reference 8, Appendix D for guidance.

B.2.3 Calibration of the Analyzer

Mdel s 1008-aH, -PC, -Rs are calibrated using ozone standards
obtai ned directly according to Section B.2.2 or by neans of a
certified transfer standard.

1. Analyzer's controls (refer to Figure 5-1)

a. POMER Switch (1) - ON

b. MDE SELECTOR Switch (4) - OPERATE position
c. T/P Switch(s) - OFF

d. VALVE Switch (6) - OFF

e. PUWP Switch (7) - OFF

Allow sufficient time (20-30 mnutes) for the 0, analyzer and
the photoneter or transfer standard to warmup and stabilize.
Connect the analyzer inlet port to the manifold of your
calibration system (see Figure B-3) via 1/4 Teflon tubing.

2. Ofset the analyzer to +49 ppb in order to observe negative
readings. This can be done via the right hand side thunbwheel
swtch on the D)A board (see Figure 3-12). (oserve the

readings on the display for 3-5 minutes, The average reading
should be 9 ppb + |-2 ppb. This verifies that the optical-
el ectronic systemis working well; we call this "no flow
zero". Turn on the valve and the pun’P (see Figure 5-1?,
adjust the flow neter to 2 I/nin, and allow the analyzer to
sanple zero air until a stable response is obtained on the
recorder. Record the stable zero air response as "“z".
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3, Cenerate an 0, concentration standard of approximtely 80% of
the desired upper range limt (URL) of the 0, analyzer (400 or
800 ppb). Allow the 0, analyzer to sanple this 0, concentration
standard until a stable response is obtained on recorder.

4, Adjust the 0, analyzer's span control (see No. 2, Figure 5-1)
to obtain a recorder response as indicated in the follow ng

equat i on:

Recorder Response (% Scale) = (£3m X 100%) + 2
URL

wher e,

URL = upper range limt of the 0, analyzer, ppm

2 = recorder response with zero air, percent scale. Record
the 0, concentration and the correspondi ng anal yzer
response. |f substantial adjustnent of the span control

is necessary, recheck the zero and span adjustnents by
repeating steps 2 to 4.

5. Cenerate several other 0, concentration standards (at least 5
others are recomended) over the scale range of the o5
anal yzer by adjusting the 0, source. For each concentration
st andard, record the O, and the correspondi ng anal yzer
response.

6. Plot the 0, analyzer responses versus the corresponding O,

concentrations and draw the 0, analyzer's calibration curve or
cal culate the appropriate response factor (see Figures B-3 and

B-4).
7. The various 0, concentrations required in step 5 rrac}/ be
obt ai ned by difution of the 0, concentrations generated in

steps 3 and 5. Wth this option, accurate flow neasurenments
are required. The dynamc calibration system may be nodified
as shown as Figure B-3 to allow for dilution air to be netered
downstream of the 0, generator. A mXxing chanber between the
0 generator and the output nanifold is also required. The
ffowate through the 0, generator (F,) and the dilution air
flowrate (F,) are neasured with a reliable flow or vol unme
standard traceable to NBS. Each 0, concentration generated by
dilution is calculated from

F

- o
“9 our = “3 our” (FO + FD)
wher e,
(0,) = diluted concentration, ppm _
: wTFo = flowrate through the 0, generator, 1/min
F, = diluent air flowate, i/m n.
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c.1 RIN Tester Description

This assenbly is stored on a connector that is l|ocated near
the bottom of the electroneter adapter board (refer to Figure 3-
4al). Its purpose is to aid in troubleshooting a noisy photoneter
after the noise has been determned not to be in the optics.

This tool functionally separates the lanmp/lanp drive circuit
from the electroneter section. Therefore, if the analyzer remains
noi sy using the RIN tester, the problem can be traced to the
el ectrometer/logic circuitry. On the other hand, if the noise
di sappears (which is usually the case), then the lanp/lanp drive
circurtry should be checked.

NOTE

Certain kinds of dirt (such as lint)
in the optics can cause noise even
wth the punp and valve turned off.
Therefore, we reconmend thoroughly
cl eani ng?] the optics section before
using the RIN tester.

c.1.2 RIN Tester Check

If the analyzer is exhibiting noise |evels outside the
specified paranmeters, first clean the optics section (see Section
6.7). If the noise persists after performng this procedure, turn
off the power to the analyzer and unplug the detector assenbly from
the sanple channel electroneter.

However, if your wunit also contains a control detector
assenbly (a specified option), then a determnation of which
electrometer is nost likely at fault, nust be made first. This can
be acconplished by switching the front ﬁanel mode switch to "“SAMP
FREQ" for a few nminutes and recording the values indicated on the
front panel. Next, switch to the "coNT FREQ" node for a few
m nutes and record these values. |If one frequency is substantially
nore unstable than the other, then that channel's electroneter
becomes the suspected "faulty"” electroneter and its detector
assenbly woul d be di sconnect ed. If not, then start out by
di sconnecting the sample electroneter detector.

After the detector assenbly has been disconnected, unplug the
RIN tester fromits holder on the adapter board and install it in
pl ace of the renoved detector assenbly. Apply power to the
anal yzer, turn the front panel switch to the aRPropriate frequency
node and adjust the potentioneter on the RIN tester until the

desired frequency is obtained. = =
If the noise persists, this indicates that a check of the

el ectrometer/logic circuitry should be nade. |f the noise
di sappears, then check the lanp/lanp drive circuitry
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NOTE

The RIN tester is, by nature,

slightly mre noisy than the
| anp/ det ector combi nati on when they
are functioning properly. Thus, the
noi se | evel observed when the RN
tester is in FI ace is not
necessarily a conpletely accurate
indication-~ of the electroneter's

noi se |evel.

c.2 Fl ow Restrictor Option

The end user has the option of requesting use of a flow
restrictor to stabilize the flow through the photoneter. The
restrictor would be located at the outlet of the photometer flow
met er . The restrictor in this instrument is designed to provide
approximately 2 liters per mnute through the photoneter. The use
of different punps with time may vary this exact flow, but as |ong
as the flow rate falls between 1.5 LPM and 3.5 LPM there will be
no probl ens.

The end user should be cautioned that use of such a flow
restrictor requires periodic maintenance to prevent "clogging".
Such an occurrence will result in too low of a flow rate if proper
mai ntenance is not perforned. Dasi bi recommends the use of ‘the
particulate filter holder that comes standard on the unit's sanple
port. This wll reduce the anount of particulate matter flow ng
t hrough the instrunent. Dasi bi al so recommends cl eaning the
restrictor whenever cleaning of the optics bench absorption tubes
occurs.

To do this, sinmply pull the ty(?on tubing off of the flow
restrictor, and unscrew the nut holding the restrictor. Once
freed, run a piece of wire through the restrictor to |oosen any
matter that may have coll ected. Then reverse the process to
replace the restictor. Make sure you perform a |eak check every
time this is perforned.

c.3 Rapi d Response Software Option

The unit may be fitted with a special E-Prom containing
software that does not perform any averaging. This increases the
response time of the unit from 50 Seconds to 20 seconds. The unit,
however, would be quality-controlled to insure the noise |evel of
the unit would still be well wthin Dasibi specifications.

c.4 CPU Menory Board (Figures G| and G 2)

The CPU Menory Board consists of four (4) min sections, the
Central Processing Unit (CPU), the Counter/Timer Circuit, the
Menory, and the Watchdog Timer circuitry. Each of these sections
I's described next.
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The Central Processing Unit (CPU) is a 2zsoa, running at 1.0
MHZ. It controls the operation of the entire instrunent including
reading the switch settings, controlling the valve, reading the
t enperature, pressure and  |ight sensors, conput i ng the
concentration, and outputing the results.

The Counter/Timer Circuit (CTC), is used for all non-critical
timng in the system These include flush time, "“count up" tine,
and time between successive neasurenents. After the preset tinme
expires, the CIC generates an interrupt, signaling the CPU to
proceed with the next operation(s).

The Menory, consists of 8K Bytes of EPROM and 2K Bytes of RAM
The programis stored in ROM along with all constants required for
the calculations and unit conversions. The RAM is used to store
sensor readings, and internediate results during calculations.

The Watchdog Tiner is desiL?ned to expire and reset the unit.
In normal operation, the CPU repeatedly restarts the tinmer,

preventing it from expiring and resetting the CPU. I'f an error
occurs that causes the CPU to become stuck, the Watchdog timer will
expire, resetting the unit. In the wgpaN" node, the CPU does not

restart this timer, allowing verification of the watchdog timer and
reset circuitry.

c.5 Optional RS232 Board (Figures G5, GC6 & C16)

The optional RS232 Board allows the comunication between a
1008 ozone analyzer and an external conmputer, termnal, or
dat al ogger. This board contains all the circuitry required to
provide a Full-Duplex interface and is intended to be used to
di splay and/or capture ozone neasurenents, as well as provide

internal diagnostic information from the analyzer. ,
Because of the vast anmpunt of confusion about RS232 interface,

Dasi bi would like to present a brief overview on the subject.  Put
simply, RS232 is an interface specification that defines signal
voltage levels, signal slew rates, |ine capacitance and so forth.

It is extrenely inportant not to spell out exactly what the RS232
standard does specify, but rather what it does not specify. The
RS232 specification does not stipulate how nmany signals are
required, nor what signals are to appear on what lines (i.e. the
sinplest RS232 interface could contain as few as 2 wires, one for

the signal and one for ground). _
Wth RS232, one can only transmt about 50 feet on the best

coax and remain wWthin the specifications due to the Iline
capaci t ance. But since conmmunications are taking place daily over
vastly greater distances, sonme of what RS232 does provide, my be
m sunderstood b some end users. Since every different
manuf act urer has Kad a different version of what RS232 consists of,
or which signals other than Txd, Rxd, and Gnd, should appear .on
what signal lines (Pin Nunbers), Dasibi has opted to conply with
the nost standard RS232 interface in existence today; that of the

| BM AT personal conputer.
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The 1008 nonitor is pin-to-pin conpatible with the IBM AT 9o-
in interface; there is no need to switch any wires at all,
Including Rxd & Txd (sinmply connect Pin 1 to Pin 1, Pin 2 to Pin 2,
etc.). There are only 2 signals, (i.e. 3 wres), that are
"required" to interface to the 1008 nonitor §it I's conceivabl e that
one could skip the signal line Rxd, Pin 2, if satisfied with hal%—
dupl ex operation). he required wires are Pins 2, 3, and 5. The
addition of any extra signals/wires provides no benefit to the end
user and Dasibl recommends not usin_lgnthem unl ess the configuration
and/or software requires them e following list defines the
Dasi bi-to-1BM 9-pin interface:

Dasi bi Sisnal Nane: Pin | BM AT Sisnal Nane:
No Connection -1- Received Line Signal Detect
TxD Transmitted Data - 2 - RxD Received Data
RxD Received Data - 3 - TxD Transmtted Data
DSR Data Set Ready -4 - DTR Data Termnal Ready
Signal G ound - 5 - Signal G ound ‘

Data Carrier Detect - 6 - DSR Data Set Ready
CTS Cear To Send -7 - RTS Request To Send
RTS Request To Send - 8 - CTS Cear To Send
No Connection -9 - Ring |Indicator

NOTE

Both 1008 input pins nunbers 7 and 4 have pull-up
resistors on them so the operator can |eave them

floating. If not used, the 1008 nonitor will stop
transmtting when either of them becones false. I f one
of themis held in the false state for any appreciable
time, the 1008 nonitor wll skip transmssion of that

data packet and resune data transm ssion on the next
update that both lines are free.

_ If a 25 pin connector is going to be used, the follow ng table
lists the nmost common 9-pin-to-25-pin adapter wiring:

DCD  25pin
RxD
TxD
DIR
Gnd
DSR
RTS
CTS

9pin

N U1 B OO~ P RO oo o
o

OO N> Ul &~ WO —
N

The RS232 section of this board (there are other features
available on this multi-functional board) consists of a 2.5 Mhz
crystal oscillator for generation of the baud rate, a serial |/0O
unit (USART) for communicating with the CPU, and level shifters for
converting the TTL level signals into the RS232 |evels.
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To avoid affecting the ozone nonitor's main task (that of
measuring ozone), the board is used in a polled fashion, where the
CPU periodically checks the port for input (which may cause a
slight delay in responding to keyboard inputs). The set up for the
RS232 is as foll ows:

Data Bits 7 bits = ASCI| fornmat
Parity None

Stop Bits 1

Baud Rate 9600

The Baud Rate is set to 9600 bps, 7 data bits, no parity, 1
stop bit. The unit will probably work, however, wth either even
or odd parity, and 1.5 or 2 stop bits depending on the software the
conputer uses. The 1008 powers-up in the log nmode. Typing a "D"
(either upper or lower case), wll put the unit into the
"di agnostic display mode". Typing any other key will return the
unit-to the log-node. Only 2 of the RS232 signals are mandatory
(plus ground). = These are Rxd and Txd:

The conputers line labeled "Rxd" is wired to pin 2
The conputers line labeled "Txd" is wired to pin 3
Signal Gnd is wired to pin b

The commands available via RS232 are as follows:

F Turns off RS232 display.

D Ful | system display as shown next:

Dasi bi 1008 Ozone Nbnitor
JNATaTe] pgm
FAULT: O MODE: SPAN: 308
OFFSET:+9PPB
TEMP: 31.7 C
PRESS: 0.979 ATM
CONT FREQ 500000 Hz
SAVP FREQ 480000 Hz

~ Typing any other key produces the "Log Mode". This node
di splays the front panel readings and the error code if it is not
zero (no error). or exanpl e:

13.567 ppm 02
-1.678 ppm 02
0.008 ppm 07
0.009 ppm
0.008 ppm
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The following are the error codes current|ly inplenented. The
colum |l abeled CPU refers to the error code(s) found on the

((::PLé/ Menory Board error display which are described in Section
. 16. 1.

CPU RS232

0 00 No Fault

1 01 Not currently used.

2 02 Sanpl e frequency is above 481,250 Hz |ess than
300, 000 Hz.

3 04 Control frequency is less than 300,000 Hz.

4 08 CPU Reset occurrence.

5 10 Not currently used.

6 20 Not currently used.

7 40 Heater Vol tage below 4.10 Vdc.

8 80 User error - either the front panel node

switch is not in the operate position, or the
T/P switch is in the off position.

In the case of a single error, the value in the table above
wi |l be displayed. In the case of multiple errors, the "lowest"
error will be displayed on the CPU Menory Board's display (since
the lower the nunber, the nore significant the error), and the
nsum" of the errors wll be displayed in hexadecimal format in the
RS232 dat a. For exanple, the sum of the errors 2, 3, and 7 wll
result in a Hexadecinmal display of wigr, The cal cul ated
concentration will be displayed though, even if errors are present.

C.6 Internal Tinmer (Optional)

An internal tiner may be procured for the instrument to allow
automatic zero or span functions. Once the selected tine is
achieved on the internal clock, the unit wll automatically allow
itself to sample zero air, and then generate ozone for an internal
span check for a user-selectable duration.

The internal timer on the angle plate of the U V. photoneter.
To set the tinme, or adjust for changes in time due to daylight
savings, follow these procedures:

1) Qpen the hinged touch sensor door. Before setting, or
wnenever the tiner is wthout power for nore than one
mnute, the clock display will show 12:00 a.m.

2) Slide the function switch to the "SET CLOCK" position.
3) Press the "HRS"™ button until the display shows the
correct hour. Push and hold the button for rapid

advance. Make sure that the AMPM indicator on the
display is correct.

4) Press "MIN" button until the display shows the proper
m nut es.
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wham you have the current corredi. tine, press the "ENTER'
bi-ten to begin t.me kreping. The displ ay should blink
onuce When the “ENTER® button is F ashed.

To set the program for internal automatic zero and span,
foll ow these steps:

1)

2)

6)

7)

Now,

Slide the function switch to the "Program position. The
nunber 0.001 should appear on the display.

Push the "Event" button until the nunmber "1" appears
wbose - Avent' oa e display.

Push the on/off button until the arrow at the right side
of the display points to the "ON' setting.

Push the w®wHRS" button until the hour you want the event
to happen appears. Make sure that the AMPM indicator on
the left side of the display shows the correct setting.

Push the wMIN®™ button until the exact time you want the
event to occur appears.

Push the "ENTER' button to store the event you have just
programmed in the Timer's nenory.

Slide the function switch to one of the "AUTQOVATIC
FI XED" .

the duration of the zero and span nust be set on the two

potentiometers on the RS232 Board the board furthest back on the

Mther  Board Bus directly behind the Electroneter Boar d
configuration. To do this follow these steps:

1) Locate the tzero" potentioneter on the RS232 Board.
Looking at the ront of the board, it 1is the
potentioneter on the left.

2) The time nust be set according to the "blinki n%

e

frequency of the LED located to the left of

potentioneter. This LED is set to blink 17128 of the
duration of the zeroing event. Thus, to find out how
long the zerov will last, use the foIIOV\nng formul a:

LED Frequency = X mn * 60(seconds) / 128

Thus,, if the LED blinks ahout once every 7 seconds, then
the zero check wll iast for approxinmately 15 m nutes.

To increase the zer~ duration, turn the potentioneter
cl ockw se, to decrease the time, turn it counter-

cl ockw se.
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4) To set the span duration, sinply follow step nunber two
for the right side potentioneter.

REMOTE ELECTRI CAL | NSTALLATI ON NOTES:

When installing a Model 1008 with internal tiner, the user
nust be sure pot to hook up nore than one tining.device. I'n other
words, if the internal tiner is to used, do not "hook up an external
datal ogger to perform renote zero and span functions.

Al'l  connections should be nade at the rear panel, which
contains a termnal block with several screws for different
functions. For connections involving external dataloggers, use of
the three right-hand side screws (looking at the termnal block) is
necessary. To activate a function, sinply "close" the contact
between the +5v screw and the desired function ("zer" for zero
check and "cal" for span check).

NOTE

The contact closure should be
"floating" in relationship to the
other equipnent's power.

If the internal tiner is to be used for. the automatic
zero/ span checks, then the connection should be made between the
"Z" on the termnal block and the "zer" and between the "C" and the
"cal". There should be no connections to the +5V.

TUBI NG CONNECTI ONS FOR | NSTALLATI ON:

On the back panel, there are two nylon fittings. These should
be exhausted safely. One kynar outlet port labelled "“vent" is for
the connection between the unit to be calibrated and the
calibrator. The wzero" inlet port should be connected to an
appropriate zero air source.

c.7 Optics Ceaning Rod Assenbly

A maintenance tool has been added to the standard 1008 unit to
aid in the cleaning of absorption tubes in the optics cell for
prevention of particulate matter build up. This tool is
particularly helpful in the field where teflon tubing (which can
al so be used) may not be available.

The cleaning rod assenbly conponents are clipped to the angle
of the optics bench. The first rod on top of the other, includes

a tip with a hole in the niddle of it. This hole is provided for
a Kim Wpe (or other such material) to be run through the tubes for
dislodging all particulate matter. The bottom rod is provided to

connect to the end of the top rod in order to create a length |ong
enough to easily pass through the absorption tubes.
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To use, sinply disconnect both rods, screw the bottomrod into
the top rod, slide a Kkm Wpe into the tip of the top rod and push
it through the absorption tubes. Reverse these instructions when
the cleaning is conpleted.

C.8 Dual Ozone Qutput Option For Mdel 1008-Rs (Figure C4)

This option allows the unit to create two |evels of ozone upon
remote or manual conmand (referred to as "precision" for the |ower
ozone output and "span" for the higher |evel). This. option
requires additional conmponents on the Ozone Generator Board and
special labels on the back panel term nal block.

To activate any desired function from the back panel while in
the remote node, short between the screw | abel ed "+5v" and the
desired function. The two different |levels of ozone generated are
determned by the voltage divider conbination of either the pot
| abel ed R16 or the pot |abeled R17 on the Ozone Cenerator Board and
the digital front panel pot. o

en the screws |abeled "+5v" and "PRE" (precision) are
shorted between them pot R17 is switched into the circuit by a
relay regardless of the status of any of the other controls
(including the renote/local switch on the front panel). Wen this
short is renmoved, pot RL6 is switched into the circuit: again,
regardl ess of the status of any of the other controls.

To actually generate ozone in the renote node, however, you
must also short between "+sy" and "ZERO" to activate the ﬁun'p and
valve, and also short between "+5vy® and "SPAN" to enable the |anp.
Wth both of these terminals activated, you then select either the
“WSPAN" Or "PRE"™ concentration by the status of the wprg" termnal.

In the local node, the mpRrRg" terminal functions the same way
as in the renote node. The "SPAN' and the "ZERO' termnals,
however, are now replaced by the front panel toggle swtches.

c.9 1/716" Allen Wenches

Dasibi is in the process of adding a 1/16" allen Wwench into
the Mbdel 1008 unit as a tool to aid in standard unit maintenance
procedures. The wench would be housed inside of the optic bench's
detector block in a slot, covered by a screw

The tool can be renoved by sinply |oosening the screw so that
the head of the wench is loosened, ~and pulling the wench out.
This wench is used primarily for tightening, or |oosening, the set
screws in the detector block for the sanple detector (and/or
control detector, if present in the analyzer - it is also used for
adj usting the control detector's aperture in cases where the
control detector is being saturated by too nuch light hitting its
surface). The wench can be used for the renoval of the front
panel function switch's knob (required when renoving the function
switch for servicing).



DASI Bl  ENVI RONVENTAL  CORP. TMB20805

Cc.10 On-Board Zero Air Filter For Mdels 1008-RS, PC & HC

The Model s 1008-RS, 1008~PC & 1008-HC can be purchased with an
on-board zero air filter assenbly to allow automatic self-zero
checks for the Rs’s, on-board zero air capabilities for use in the
ozone generating sub-section of the Mdel 1008-p¢ and for the
reference measurenent air flow for the Model 1008-HC. This
assenbly (Z-0109-E) contains approximately .3 | bs of activated
charcoal and should last for between 12-20 hours of use. The life
of this charcoal can be maximzed by setting the flow rate used
through the ozone generator to 3.5 LPM as this is the mninum flow
rate required.

C.11 nRNF" 5-Liter Punps Replace m"asF" Punps

For many years, Dasibi Environnental has utilized 5-liter
punps nanufactured by a conpany called »aspn. In an effort to
Increase the quality of the 5-liter punps utilized in the "PC' or
urpgn versions of the 1008 ozone analyzers, a switch has been nade
to punps manufactured by a conpany called "KNF".

One side effect of this change has been the required use of a
charcoal filter up-stream of the internal ozone generator. In all
new units sold utilizing the KNF 5-liter punp, this charcoal filter
is located at the outlet port of the ozone generator's flowreter.
All 5-lTiter KNF punps purchased as replacenment punps wll be
shipped with these charcoal filters. The charcoal filter may or
may not require replacenent whenever a punp is replaced, though.
The life expectancy of the charcoal filter will be dependent upon

the characteristics of the zero air flowng through it. If the
zero air contains pollutants (such as NO or SO ), then the filter
wll become consumed nuch faster. If pure zero air is utilized

t hrough the ozone generating subsystem then the filter could
conceivably |ast forever.

To replace a charcoal filter aIreadY installed, sinply |oosen
and disconnect the nut located on the outlet side of the filter and
whi ch extends from the tubi n? attached to the inlet port of the
ozone generator. Pull the filter free and install a new one. Once
the connection of the tubing is mde, perform a |eak check.

c.12 Pyrex Optics Tubes Changed to Stainless Steel Tubes

Dasibi is in the process of switching from the use of pyrex
"absorption” tubes in the optics cell to stainless steel tubes in
Mbdel s 1008-aH, PC and RS. These new tubes are conpletely
retrofittable into any older 1008 analyzer without any
modi fications necessary. The new tubes are stock number Z-0378-A
for each assenmbly (two per optics cell). The optics tube cleaning
procedure described within this nmanual remains exactly the sane and
cleaning should be performed as regularly as with the pyrex tubes.
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c.13 Dual Analog Qutput Option (Figure G 3)
There is an option available for the Mdel 1008 in which a
second anal og output range is added to the unit. The option

consists of adding another potentiometer to the front panel,
additional wiring to the termnal strip |ocated on the back panel
and slight nodifications to the unit's DA Board (refer to Figure
C-3). Standard unit analog output is 1 volt; if the requested
range(s) are different, the front panel potentioneters will be
marked accordingly, as wll the back panel termnal strip.

c.14 Changing the Unit's Analog Qutput Range

- The anal og output range of the 1008 can be nodified very
easHY: " Sinply change resistor R14 on the unit's DA Board to
IS

estab any of the tollow ng ranges:
Ranse R14 Resistor Value Dasibi Stock # For Resistor

1 PPM = .1V 510 ohm A- 0059

1 PPM = .5 V 3 K A- 0410

1 PPM= 1.0 V 5.5 K D- 0015

1 PPM = 2.0 V 10 K A- 0010

1 PPM = 5.0V 27 K A-0012

1 PPM = 10.0 V 50 K A- 0005

c.15 New "Latching" Photometer Valve (Figs.C7, 8, 9, 10 & 11)

Dasi bi has changed the type of valve used in conjunction wth
the U V. photoneter in the 1008 series (but not the "renote" valve
used in the Mdel 1008-RS) to a "latching" valve as opposed to the
"energi zed/ de-energi zed" (on/off) valve used since the introduction
of the 1008 series. \Wat is neant by "latching" is that the valve
receives a "nonmentary" electrical pulse to change state. Once
toggled into the appropriate state, the electrical signal is
renmoved and the valve then stays in that state (rather than being
either on or off depending on whether voltage is applied).

Therefore the terns "on" and "Off" no longer have any
rel evance when discussing the state of this valve. | nst ead,
reference wll now be nade to either "Sanple" or "Reference"
ul ses. After receiving one of these pulses, the valve will then
e in a position that allows that particular gas to enter the
optics bench. Thus, after receiving a "Sanple Pulse", the valve
wll be in such a state that the sanple gas will be fed directly
into the optics cell (wthout going through the scrubber first):
obviously, the "Reference Ppulse" iS when the valve diverts the air
flow through the scrubber before it enters the optics cell.

This nodification does not affect the principles/theory of
operation in any way. It sinply takes advantage of new '*state-of-
the-art" conponents that have only recently been introduced to the
market. The benefits of this new valve are two-fold:

c-12
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1) First, and perhaps forenost, this new valve totally elimnates
the "magnetic offset" present in use of the previous valve
design. Since there is absolutely no magnetic field present
when the nonitor performs either its sanple or reference
frequency neasurenents, there will be absolutely no difference
between those frequency neasurenents resulting from the
magnetic field of the valve. Thus, the | aborious task of
rotating the |anp and/or detector(s) to find their "null"
points is no |onger necessary.

2) Secondly, the design of this new valve is such, that the
restriction to air flow is dramatically reduced over that of
the previous design to the point where, at 2 LPM it is
virtually non-existent. What this neans is that the user can
now rebuild/recondition the valve without the need to spend
hours of time "balancing" the port restrictions, nor the need
for expensive flow test equipment used to perform such tasks.

The only expendabl e/replaceable part of this valve, is the
Viton diaphragm To repair this valve, It Is not necessary to
remove the entire valve body from the instrunent. Sinply renove
the top four screws holding the solenoid to the valve body and lift
the solenoid off. Then either clean the body and/or replace the
Viton diaphragm and replace the solenoid. (To clean the valve,
however, It is very advantageous to remove the body).

For cleaning, first renmove the sol enoid as described above and
then clean it using a small nylon bottle brush and isopropyl alco-
hol. After re-assenbly, run the valve on about 800 ppb of ozone
for about two hours to cleanse any residual alcohol and/or other
subst ances.

Due to the change in operation of this valve, a design change
has had to be made to certain circuitry inside the unit. Used n
conjunction with this new valve, is a "Valve/Regulator Board".
This board is attached to the side of the optics cell (directly
beneath the optics cleaning tools) and serves two functions:

1) The new valve plugs directly into this board instead of
plugging into the Mther Board.

2) The regul ators that used to be nounted on the unit's LDHC

Board are now nounted on this board. The reason for this
modi fication is that this nmoves the regulators (which need to
be "cooled") closer to the air flow of the instrunent. The
result is increased stability of the regulators, which in
turn, increases the stability of the lanmp output, which in

turn increases the stability of the unit itself.

The diagram and schematics for the Valve/Regulator Board are
rovided at the end of this section. Since the regulators have

een detached from the LDHC Board, this board has been essentially
"stripped-down". In place of the regulators is a wring connection
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that extends from the LDHC to the Valve/Regul ator Board. A diagram
and schematic for the stripped-down version of the LDHC Board is
also provided at the end of this section.

C. 16 New Features of the CPU Menory Board

One of the primary reasons for the introduction of the
CPU Menory Board was to increase the nenory space of the 1008
series of analyzer in order to allow new software features to be
added to the instrument. These additions wll occur over
t hroughout the year of 1993 and will be carried in Appendix B until
the next version of the 1008 nanual is witten.

The following sections wll describe the first three new
features added to the CPU Menory Board since its inception.

C.16.1 "Diagnostic LED":

There is a single LED on top of the board, which wll display
a nunber continuously, depending upon the operational status of the
unit, as well as the inportance of the fault. If, for instance,
two faults are present in the unit, only the nore |tn‘ﬁortant of the

two will be displayed. The | ower the nunber, e higher the
i mportance of the fault. Descriptions of the fault nunbers that
can be displayed are provided here:

0 = No faults.

1 = Not used yet.

2 = Sampl e Frequency is not above 300 Khz, or is not

bel ow 480 Khz.

Control Frequency is not above 300 Khz, or is not
bel ow 480 Khz.

Lanp heater voltage is incorrect.

Not used yet.

Not used yet.

CPU reset occurrence.

Di spl ayed whenever an?/ front panel switch not in
the correct position tor proper operation.

w
|

oo oo o1 B~
B nun

These fault displays can be very useful in determning the
cause of problens that may occur in the unit. They are not
designed to diagnose the problem conpletely, but rather, save the
end user tine and effort in determni n? the "possible" causes. 1he
fault nunbers not currently being utilized should be available by
the end of 1993.

C. 16.2 "Sel ectable Averaging Swtch":

This switch is nounted next to the LED display and allows the

end user to change the nunber of readi ngs bei ng averaged every
cycle. Currently, there are only Wo possi bl e averagi ng

possibilities:
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0 = No averaging occurs;, the cycle time of the
instrunent is 20 seconds.
1-9 = Averaging of five consecutive readings occurs; the
cycle time of the instrunent is 50 seconds.
C. 16.3 "Mode Switch":

This switch is munted below the LED displ.ay and %,lul ows the
end user to change the output range of the display. rrently,
there are only six node possibilities:

Parts Per Billion (PPB)

mg/m>

% Wi ght in Oxygen Stream (For Nbdel 1008=HC only)
% Weight in Aif Stream (For Mdel 1008-HC only)
Parts-Per Ten-Thousand (For Mdel 1008=HC only)
g/m* (For Model 1008-HC only)

O~ WO
Hanunany

C. 17 DasibiNet Interface (Figures C12, C13, C14 & C15)

Dasi bi has introduced a new concept for use in its Anbient Ar
Monitoring System Mdel 1000. It is called "DasibiNet" and it
essenti al ?y allows the end user to obtain valuable diagnostic
information from each of the systemis internally-nmounted air
nonitoring instrunments. Since thé Mdel 1008-AH is the unit that
provi des ozone measurenments for the System 1000, it has had the
capability added to its list of available options.

DasibiNet is a multi-drop network in which diagnostic signals
from lmore than one Dasibi instrument may be "1jhnke " t oget her
utilizing just one telephone line: this line can then be attached
to a modem for renpte accessibility of a central conputer system
(as opposed to having several telephone |ines connected to a site
for such inforrration?.

This feature affects the configuration of the Mdel 1008-AH in
two ways. First of all, there is an additional P.C. Board attached
to the unit's back panel. This board, the Network Interface Board,
allows the 1008 to be linked to the single network |ine and
contains "In" and ®out" ports for connection of two telephone
jacks'.  There is another P.C. Board located in the Mther Board Bus
where' the RS232 Board would usually be located.  This board, the
Dasi bi Net Board, attaches to the Network Interface Board on the
back panel via cable connection. Diagram and schematics for these
boards are provided at the end of this section.

C. 18 New Back Panel Design For Mddels 1008-PC & -PS (Fig.C 17)

Dasi bi has re-designed the back panel for Mdels 31008-PC and
1008-PS. This new design allows use of a fan on the bz:}ck panel for
either of these units in order to decrease !Nntérnal instrument
t enperat ure.
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Before this re-design, the only air flow inside the monitor
was provided by a blower located on the side of the chassis next to

the ozone generator's punp. In order to increase air flow
throughout the interior of the unit (and consequently reduce the
tenperature inside), it was determned that a fan nounted in the

sane manner as on the other 1008 nodels, would be much nore
efficient. This nodification does not affect the functionality of
either nmodels: it will only affect the location of the ports on the

back panel. A diagram of this new design is provide in Figure c-
17.
c.19 Error Code #3" Renmoved From Front Panel Display

~ The error code nunber "3" (which was a diagnostic code that
i ndi cated whenever the sanple frequency was bel ow 400 Khz) has been
renoved from the front panel display since this diagnostic code (as
wel | as several others) is now indicated by an LED |ocated on the
unit's CPU Menmory Board (refer to Sections C 4 and C. 16).

C.20 Special Application Note for Mdel 1008-PS

The unit purchased with this nmanual is referred to as the
"Moddel 1008-PS" in order to distinguish it fromthe from the Dasibi
transfer standard, referred to as the "“Model 1008-PC". The front
panel is labelled "1008-Pc" for both units because end users many
tinmes wish to re-configure a primary standard into a transfer
standard at a later date, or vice-versa; nodification of one type
to another is perfornmed by sinply removing the zero air manifold
(or adding it), adding an internal ozone “scrubber" (Or renoving
it) and nodifying the plunbing accordi n?Iy.

Purchasers of the Mdel 1008-Ps will notice a 3/ piece of 1/4"
O.D. Teflon tubing provided in the J)I astic bag containing the
unit's manual . This tubing is provided to help balance the air
pressure of the sanple inlet and zero reference inlet air streamns.
Since primary standards utilize a custonmer-selected external zero
air source for the "reference" half of the neasurenent cycle, a
pressure inbalance may occur in _which a negative offset is created

in the unit. Consequently, Dasibi provides a piece of Teflon
tubing that will be connected to the "vent"™ port of the zero air
mani fold to prevent this occurrence. Please follow the

instructions provided next:

1) After the unit has been checked-in and installed per the
instructions in Sections 1 & 2 in this manual, sinply
connect the tubing to the "vent" port of the zero air
manifold |ocated on the unit's back panel by removing the
port's nut, sliding the tube through it and then re-
connecting the nut back onto the fitting.

2) Attach a flow nmeter with a range of up to at least 6 LPM
to the other end of this tubing.

C- 16



DASI Bl ENVI RONVENTAL  CORP. TMD20805

3) Referring to the operational instructions provided in
Section 5 of this manual, operate the unit so that it is
sampling zero air.

4) Adjust the zero air supply until it provides a m ninum of
3 LPM on the external flow meter  whenever the

photometer's valve is providing the reference half of the
measur enent cycle.

5) Renove the flow neter, but |eave the tubing in place for
conti nued pressure bal ancing.

c.21 Design Mdification to the Mdel 1008-HC

Dasi bi has nodified the design of the Mdel 1008-HC Hi gh
Concentration Ozone Analyzer in an effort to increase the Iongevi_m/
of several conponents utilized inside this 1008 configuration e
|l ongevity of such conponents has been affected by tThe continual
stream of high concentrations of ozone flow ng through the
instrument. The design nodifications are described next:

Addi tion of Ozone Scrubber Filter:

An 0, scrubber filter assenbly has been
instailed directl y downstream of the optics

cell. This filter has been added to renove
most of the 0, in the air streamas it exists
the measurenment cell in order to protect the

conponents | ocated downstream of the cell.
The materials contained inside of the assenbly
(Dasibi  "ozone scrubber refill®" stock nunber
S-0134A-B) shoul d be replaced periodically;
how often will depend upon the flow rate, the
frequency of analyzer usage and the level of 0,
flowng through it. Dasi bi reconmends
replacing it every 300 hours of use until such
time as an average replacenent tine_period can
be deternined by the end user. Figure C 18
shows how the assembly is constructed.

Addition of Munting Plate For Pressure Sensor:

A nmounting plate has been installed into the
Mbdel 1008-HC in order to locate it closer to
the outlet of the charcoal filter assenbly.
This sensor was previously |ocated upstream of
the optics cell and was exposed to the high
concentrations of ozone flow ng through the

i nstrument. By locating 1t directly
downstream of the charcoal filter outlet port,
the sensor's neasurenents are still accurate,

while being protected from the harsh air flow
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Addi tion of Back Panel Fan:

A fan has been added to the Mddel 1008-HC’s
back panel in order to inprove air circulation
inside of the unit. This feature was not
provi ded before because there was no real heat
generation inside of the chassis that required

Improved air circulation. However, - by both
adding a charcoal filter and noving the
pressure sensor closer to the optics cell, an

internal punp nay be purchased (optionally)
for use in the Mdel 1008-HC.

Change in Conponents' Materials:

Al of the fittings utilized on the back panel
of the Mddel 1008-HC have been changed from
Kynar material, to longer-lasting stainless
steel fittings. In addition, since the
charcoal filter assenbly has been added, use
of tygon tubing replaces the use of Teflon.
Tygon tubing is nuch easier to work with than
is Teflon tubing (due to its increased
flexibility).

C-18
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Figure G 10 Stripped-Down LDHC Board Diagram
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Figure C-17 New Back Panel Design For Mdels 1008-PC & 1008-PS
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Figure C-18 Construction of 1008-Hc Ozone Scrubber Assenbly
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