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mtaleSt. Model DT1000 Opacity Meter Programming Instructions

This manual covers the operation and maintenance of a
DT1000 Opacity Metering System.

Serial Number:

All components of the metering system have been given the same serial
number. Only air purge blowers may have different serial numbers.

The specification for this meter is as follows:

Span Filter Value (NO EXIT CORRECTION):_39.5%
Instrument Path (FLANGE TO FLANGE):
Stack Exit Correction Ratio:

l, Io, and I' Clear Stack (as tested): | mV, lo = mV, I'= mV

CONTRACTOR INSTRUCTIONS

For new installations see the procedures in CHAPTER 2 and 10.
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Chapter 1 - Instructions for EPA Field Certificatio  n Tests

Field certification means that the installation is set up and tested to specific criteria as
outlined in 40 CFR60 sections 7.2, 7.3 and 7.4.

NoTe: Fill in the Zero Calibration Drift Determination form at the beginning and the
end of both the conditioning and operational test periods.

Installation

Make sure that the unit is installed according to Datatest installation instructions, and
section 7.2 of Federal Register 40, CFR60, Appendix B, PS1.

Conditioning Period

Operate the unit for a conditioning period, no less than 168 hours, while following the
instructions of Federal Register 40, CFR60, Appendix B, section 7.3. A permanent
record of the outputs must be taken by means of system data recorder or printout of
data acquisition system. Make note of the start and finish dates and times on the
Conditioning and Operating Data Page.

Operating Period

After completing the conditioning period, operate the unit for an additional 168 hours
while following the instructions of Federal Register 40, CFR60, Appendix B, section
7.4. A permanent record of the outputs must be taken by means of system data
recorder or printout of data acquisition system. Make note of the start and finish dates
and times on the Conditioning and Operating Data Page.

Drift Test

During the 168 hour operational period, perform the zero drift test of Federal Register
40, CFR60, Appendix B, section 7.4.1 as follows:

At the beginning of the operational period, clean and calibrate the instrument
according to the following steps. Perform a zero and span check and record these
readings on the Field Certification Drift Test Data Page.

Zero & Span Measurement

Using the keypad, press the CLR key and go to the main menu. Then Press “3”
UTILITIES, and press “3” to display the CAL VALUES screen. Record the reading
from the data recorder or from the data acquisition system on the Field Certification
Drift Test Data Page.
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Clean the transceiver and retroreflector cover glasses and the ends of the glass fiber
optic cables exposed to the effluent.

Repeat the Cal Value process and record the zero and span measurements after
system cleaning is completed.

Completion of the Drift Test

The data sheet should now contain eight sets of zero and span data. Return the
Conditioning and Operating Data Page and Field Certification Drift Test Data Page to
Datatest for package completion. After all data collections have been made the data
sheets should be returned to Datatest and the factory will complete the certification
package. Copies of the recorded data for the 168 hour conditioning period and the
168 hour operational period should also be included with the Drift Test Data.

Conditioning and Operating Data Page

Conditioning Period Began:  Month Day Year Time
Conditioning Period Ended:  Month Day Year Time
Operating Period Began: Month Day Year Time
Operating Period Ended: Month Day Year Time

Name of Company and Address:

Name of Person Taking Data:

Instrument Location (Stack, duct, etc):

Date: Serial Number: Model Number:

Page 7 of 80



B Model DT1000 Opacity Meter Programming Instructions

Federal Register / Vol. 48, No. 62/ Monday, July 1 , 1991/ Rules and Regulations

Person Conducting Test Analyzer Manufacturer Datatest
Affiliation Model / Serial No. L
Date Location
Monitor Pathlength, L1 Emission Outlet Pathlength, L2
Monitoring System Output Pathlength Corrected? Yes No
Upscale Calibration Value: Actual Optical Density (O pacity):

Path Adjusted Optical Density (Opacity):

Percent Opacity
Upscale Cali-
Zero Calibration Upscale bration
i o i i i Alignment
Date Time Reading Drift 4| Reading Drift Drift < - X g
z
Begin End Initial Final Initial Final e )
9 A B C=B-A b E F=E-D G=F-c E Checked?  [Adusted?
Arithmetic Mean (Eq. 1-2) Arithmetic Mean
Confidence Coefficient (Eq. 1-4) Confidence Coefficient
Calibration Error (Eq. 1-5) Calibration Error

Figure 1-8. Zero calibration drift determination.

* Without Automatic Zero Comection
6 Was a Zero adjusted? (Yor N) ~Weas the Span adjusted? (Y or N) xWere the lenses cleaned? (Y or N)
E If zero was adjusted (manually or automatically) prior to upscale check, then use C=0
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Stack On-line Calibration

To calibrate with the stack on-line, a trained observer must provide the opacity value.
You will need a two-way radio or cell phone to enable the visual observer and the
person at the control unit to communicate so that the reading on the control unit
matches what is being observed. Adjust the + or - offset as necessary (see Chapter 3
for programming instructions).

This concludes the calibration procedure. Make sure all switches are down, all optical
surfaces are clean, and all doors are closed and latched.

Page 9 of 80



mtaleSt. Model DT1000 Opacity Meter Programming Instructions

Chapter 2 - Installation

Access to the Transmitter and Retroreflector

Contractor: it is absolutely essential that there is sufficient room for personnel to
install and service the transmitter, receiver, purge air units, and lamp supply. There
must be reasonable and safe access to the opacity meter installation. Datatest
personnel will be available for start-up and service assistance only when these
conditions are met.

Reasonable and safe access means that there must be the following:

1. An appropriate platform with guard rail to provide safe and unrestricted
access to the transmitter and retroreflector side of the system.

2. A gate and/or trap door in the platform to prevent falling through the access
opening or falling off the platform.

3. A permanently affixed ladder that meets local requirements.

4. The equipment must be able to be accessed easily without any obstructions
to the equipment.

5. All of the above must meet existing local codes as well as OSHA regulations.
Datatest personnel may refuse to operate on equipment if these conditions are
not satisfied. For additional information, contact Datatest.

Location of the Opacity Meter

1. Maximum Duct Cross Section: the span should cover the maximum cross
section of the duct, thereby increasing the accuracy of the measurement.

2. Turbulence: The instrument should be as far away as possible from bends
near pipe entrances so that an even flow may be expected. This again will
enhance the accuracy of the measurement.

3. Condensation: This MUST be avoided at the instrument location, because
condensed water vapor will increase the opacity measurement. Locate the
opacity meter away from the stack exit so that the temperature is high enough
to keep the water in a gaseous form at a temperature above the dew point. If
the meter is located too close to the stack exit, in a vertical direction, rain or
snow will cause false opacity measurements.
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Note: Desiccant is included with the system to combat slight moisture.
Remove the sealing tape from the container when setting up the system.

4. Access to the Opacity Meter: It is necessary to be able to get to the opacity
meter to clean the optical windows on both the transmitter and retroreflector. It
may be necessary to compromise on some of the above conditions while
making sure access to the system is safe and reasonable.

Air Purge

In order to keep the optical surfaces of the transmitter and retroreflector clean, it is
necessary to maintain a column of clean air on these surfaces. For this reason, you
must use plant air, instrument air, or separate blowers. An airflow of about 25 CFM
(on both sides) is sufficient in most cases. Blowers are available from Datatest if plant
air or instrument air is not available. If plant air is used, it must be filtered so that the
flow is instrument grade air. AIR MUST BE PROVIDED AT ALL TIMES. This ensures
that corrosive gases will not eat into the exposed metal and glass parts of the opacity
meter, and also helps to keep the optical windows clean.

Attachment to Duct or Stack Wall

Four-inch (4”) flanges are required to attach both the transmitter and retroreflector to
the stack wall. In order to obtain a secure structural mounting, a larger steel plate
may be used between the four-inch flange and the stack wall.

The transmitter and retroreflector housings should be set-up as shown in FIGURE 1-A.
A detailed procedure follows for the optical alignment. If the flange-to-flange
measurement has been changed by 20% or more, then it may be necessary to
change the aperture in the retroreflector accordingly. The optical alignment is critical;
therefore it is important to have a good initial alignment when the flanges are bolted to
the stack walls.

F1
FLANGE
-« 10 —m48>»
FLANGE

RETROREFLECTOR TRANSMITTER

e i

/‘\ L1

FIGURE 1-A
FLANGE-TO-FLANGE MEASUREMENT (F1) IS SUPPLIED TO DATATEST BY THE USER
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AR AR
PURGE PURGE
BOX BOX TRANSCEIVER
2 ¥
Fa
=] LAMP |
POWER AIR PURGE
RETRO—
il : _ SUPPLY _ HEATER WIRES—: I
I
| 3 PR. BELDEN 8777 | HI
AIR PURGE | VANE e CABLE | | & PR
HEATER WIRES —— SWITCH T TETRRREEREE. ) BELDEN 8778
| WIRE e Rt e J CABLE
| 1BAWG 5 S = ] = CONTINUOUS
__\_ ﬁ__ - . TO CONTROL
| M o, 1 | UNIT
e VA
o | | _ switcH | L
WIRE |
: | 1BAWG —_| !
PURGE AIR CUSTOMER - | PURGE AIR
BLOWER | FEED & PR L BLOWER
115/230V BELDEN. s
CABLE
[0 | N
DT1000
CONTROL
UNIT
CUSTOMER CUSTOMER CUSTOMER
FEED FEED FEED
115 /230V 115 /230v 115,/230v
Overview of E LECTRICAL WIRING

Cable from the transmitter to the control unit

The control unit may be up to 2000 feet from the transmitter/retroreflector unit. The
control cable between the two units is Belden #8778 or the equivalent.

Cable between transmitter and the lamp supply

The three-pair cable between the transmitter and lamp supply should be less than 10
feet long. Use Belden #8777 or the equivalent.
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Cable between the control unit and the recorder

There are two recorder outputs available from the control unit:
Instantaneous 0-20mA TB8-16 (+) and TB8-17 (-).
Average 0-20mA TB8-18 (+) and TB8-19 (-).

All outputs may be used simultaneously.

Purge Air Blowers
Connect 115 V AC; 3.5 A to each purge air blower motor. Connect an 18 AWG wire

to the air vane switch. DO NOT CONNECT 115V AC TO THIS WIRE. This line will
be used to operate a logic signal output.

Optical Alignment

NOTE: If the installation (flange to flange) Trans  ceiver/Retroreflector pathlength
is different from the Path stated on the Datatesti  dentification label on the
Transceiver, contact Datatest Industries for specia | instructions.

The transmitter and retroreflector should be in perfect alignment with each other. The
following procedure should be followed to obtain proper alignment.

Optical Alignment of the Transmitter and the Retror eflector

Mount and wire the transmitter. Turn on the lamp supply and the control unit. Stop
the disk motor by flipping up the motor switch, and rotate the disk to the through stack
(open hole) position. Align the beam to center on the opening at the other side of the
stack (see FIGURE 1-E). This can be done with the naked eye. Adjust for the
maximum brightness of light. Also, holding a piece of paper in front of the opening
may help.

The optical plane of the retroreflector must be perpendicular to the light beam from
the transmitter. Use a bubble-type level along two axis to be sure the retroreflector is
aligned properly. See FIGURE 1-B. Adjust the alignment bolts and Allen screws (see
FIGURE 1-E for their location) to align the retroreflector while making sure the light's
image is centered on the retroreflector aperture.
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ALIGNMENT FLANGE
el _’/ g B
LEVEL ]
AR
PURGE
RETROREFLECTOR | BOX
2|
— B ]
FIGURE 1-B

USING A LEVEL , MAKE SURE THE LIGHT BEAM IS PERPENDICULAR TO THE R ETROREFLECTOR.

Remove the optical alignment microscope from the retroreflector unit using a 3/32
long shaft Allen wrench to loosen the two captive recessed Allen screws.

Retroreflector
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Location of Optical Alignment Microscope in the Ret roreflector Unit

Optical Alignment Microscope

Next, remove the two mounting screws holding the photocell block into the transceiver
as shown in FIGURE 1-C and 1-D.

Mounting
- Screws

Figure 1-C
Placement of Photocell Block
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NOTE: There is one metal plate (top) and two adjustment screws (side) which serve as
guides for placement of the photocell and microscope blocks.

The two adjustment screws have been factory set at Datatest and should not be
adjusted.

¥ Factory set screws.(@®

Remove the Photocell Block from the transmitter. Place the optical alignment
microscope (from the retroreflector enclosure) in place of the Photocell Block. in See

FIGURE 1-D.

Optical Alignment Microscope
EEppeaiy'installed | :
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FIGURE 1-D
Microscope Installed on Transceiver

Make sure it is installed flush against the top plate and, to the right, against the locking
alignment screws. Tighten the two hex screws mounting the optical alignment
microscope in place.

Look into the microscope and check to make sure the light beam is centered on the
cross hairs. If it isn’t, adjust the transmitter alignment flanges until the light image is
centered.

View Looking into Microscope at Cross Hairs

As shown in Figure 1-E, adjust the three alignment bolts and four Allen screws on the
transceiver so that the light image is centered on the cross hairs of the microscope.
Keep the image centered by looking through the microscope while tightening the bolts
and Allen screws.

3 Bolts @ 120 degree spacing
(7/16 wrench)

4 Allen screws
@ 90 degree spacing.
(5/32 Allen)

Figure 1E
Front View of Retroreflector Adjustable Mounting Flange
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Transmitter-retroreflector alignment is now completed. Remove the bull’'s-eye
assembly and return it to its place in the retroreflector housing. Remount the photocell
assembly in the transmitter, following the directions for mounting the bull’'s-eye.

NOTE: After completing transceiver/retroreflector alignment, clean all lenses and

optical surfaces with lens cleaning paper before proceeding with the signal set up. All
readings are to be taken at the transmitter with the door closed.
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Chapter 3 - Electrical Set-Up

For a new installation, one in which the system has just come from the factory, use the
following set up procedure.

NOTE: When these values were established, the lamp voltag e at the transmitter,
across TB3-1 and TB3-2, was 10.0 V DC. A variance in lamp voltage will affect
the values displayed. If there is a discrepancy in the values, it is suggested that
a Datatest technician be consulted for technical su pport.

REMINDER: Provided proper site dimensions are supplied to Datatest for factory
testing, the opacity monitor can be installed and set-up without the need to perform
any transmitter signal adjustment.

1. All readings must be taken with the air purge covers installed. Also, the transmitter
and retroreflector doors should be closed and latched shut.

2. If the span distance submitted to Datatest is different from the actual installation

span distance, some minor transmitter signal adjustment will be necessary. In this
case, it is advised that you contact a Datatest technician for technical support. The
span distance submitted to Datatest can be found on the equipment serial number

label and on the front page of this manual.

3. Since the monitor was tested under clear stack conditions, this procedure will also
apply to installation performed during an on-line condition.

Align the transmitter and retroreflector housings as explained under “Optical
Alignment of the Transmitter and the Retroreflector” above.

The initial value for | (light through stack), I’ (simulated zero), and I, (reference) can be
found on the front page of this manual. This value was measured across TB2-5 and
TB2-6 at the factory (figure 2A).

Refer to figure 2-H for a pictorial description of which fiber optic cables are carrying
which signals.
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Connecting a Digital Voltmeter to the Transmitter

Place the motor switch into the “up” position to shut off the motor and stop the disk
from rotating (figure 2-A).

This is the disk motor switch.
Flip it up to shut off the motor
and stop the disk from rotating.

+ Connect Voltmeter to
terminals TB2-5 and TB2-6.
TB2-5 is the plus terminal.

Figure 2-A

Transmitter Signal Adjustment

(a) Check the transmitter lamp voltage with a digital voltmeter across TB3-1 and 2 for

10.0 volts DC. The adjustment of this voltage is made in the lamp supply (see Figure
2-B).
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FIGURE 2-B
ADJUSTMENT OF THE LAMP POWER SUPPLY

(b) Measurement of the light through the stack (1):
With the rotating disk stationary (off) adjust the disk counterclockwise so that the light
goes through the stack. See Figure 2-C.

DO NOT FORCE THE DISK CLOCKWISE OR DAMAGE WILL OCCU R.

Connect a digital voltmeter to TB2-5 and 6, positive and negative respectively.
Record the voltage read on the digital voltmeter. This is the (I) signal (light through
stack). This number should be fairly close to that stated on page 2 of this manual.
This number is now used as the basis for comparison of the (1), (lo), and (I').
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Figure 2-C
Light through Stack

(c) Adjustment of the light through the Reference Cable (l,):

Rotate the wheel until #1 is at the top and adjust the (o) attenuating screw until the
meter reading matches the reading for (I) (see Figure 2-D and 2-E ). This is the
reference lo value.

Figure 2-D
Reference Cable (lo)
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ng Screw for lo

Adjust clockwise to attenuate the signal,

counterclockwise to increase the signal.
Lock in place after adjustment is made.

Lrs

Requires 7/32 Allen k

" \Adjustment i e T
.. Block M ‘A
- E .
! 1
] e
! ) uf
; I

Attenuating Screw for Adjustment of lo
Figure 2-E

To Adjust the digital voltmeter reading adjust the light through this cable so that the
digital voltmeter reads the same value as in part (b). The adjustment can be made by
using the lo attenuating screw, see Figure 2-E.

To increase the voltage at the digital voltmeter, allow more light to go into the fiber
optic cable. This is accomplished by adjusting the lo attenuating screw. To decrease
the light, do the opposite. Make sure that the 4-40 nut on this screw is tight after
adjustment.

(d) Adjustment of the (I’ or Ip) (zero)

Rotate the disk so that #3 is at the top (figure 2-F). Make any necessary adjustments
to the I' attenuating screw (Figure 2-G) so that the meter reading matches the reading
for 1 and lo as obtained in part (b) and part (c). The end result of thisisto set| =10 =
I". I'is the simulated zero signal.
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Figure 2-F
I’ and adjustment

ttenuating rew for

Adjust clockwise to attenuate the signal,
counterclockwise to increase the signal.
Lock in place after adjustment is made.

A

Requires 7/32 Allen k

,:;.a ]ustm-nt '; - ,,?
T' ock b

Figure 2-G
Attenuating Screw for Adjustment of I’

This completes the adjustments of the equipment on the stack. At this time, the
transmitter signal set up is completed. Start the motor in the transmitter. Close the

door.

To calibrate the system for Zero and Span: Block the light to the reflector using flock
paper and put both the zero and span switches in the up position at the same time
and wait for the control unit to read 100% (approximately 30 seconds). Then put both
switches down. Wait 5 seconds before removing the flock paper. While performing
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this procedure all doors to the purge boxes, retroreflector should be closed and the
transmitter shielded from ambient light.

The control unit should now be reading close to 0 percent opacity. Go to the
UTILITIES SET-UP section and perform an Offset Adjustment. Then also in the
UTILITIES MENU, display the CAL Values, verify that Zero is zero, and SPAN
matches the SPAN value in the front page of the manual. The unit is now ready for
use.

The keypad may be accessed at any time. When the control unit is turned on the
display will automatically go to the run mode displaying instantaneous and average
values. See Chapter 4 for instructions on setting parameters.

If you have any problems or questions, contact Datatest.

Special Note

Oscillation of the Opacity Monitor

After installation, the opacity level may oscillate up and down at some erratic rate.
This means that the receiver amplifier was improperly grounded. Check with an
ohmmeter for proper grounding of the cell block to the stack ground source.
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Figure 2-H
Transmitter

Light flows through the I’ (zero) and I” (span) cable, through the dust gap, and into the
photocell assembly.
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TBA
;

(@)

1=

Figure 1-J
Rear Panel of the Model DT1000 Control Unit

Recording of Initial Signal Values
To aid in troubleshooting, record the values for I, I', I, l4, and Io.

Press the CLR button to view the Main Menu. Press the “3” button to display Utilities,
then press the “4” button to view signals. You will now see values for I, I, I', I, and lgc.

Record Signal Values:

Periodic Maintenance
(a) Clean the cover glass at the transmitter and retroreflector periodically. Use a
soft lint-free cloth and any of the following solvents:
Lens Cleaner
Alcohol
Grease Solvent
Distilled Water (only if nothing else is available)

(b) Using any of the above solvents, clean both ends of the fiber optic cables in
the air purge cavities with a cotton swab.

Periodically inspect the instrument by checking the zero and span.
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This can easily be done by pressing the CLR button until the Main Menu is reached.
Choose the Utilities Menu and press “3” to view the cal values. The display will then
show the zero and span values simultaneously.

During the first two weeks of operation after a new installation, monitor the following
for proper operation, cleanliness, and signs of corrosion:

Retroreflector cover glass
Transceiver cover glass

Air Purge Blower (if so equipped)
Air Purge Blower Intake Filters

If any of the above checks indicate conditions that are not normal determine the cause
and perform corrective action. Consult the factory if the cause can not be determined.
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Chapter 4 - Programming Instructions

This chapter discusses the DT1000 Opacity Meter system operating
parameters and utilities, and the steps necessary to program them.

Typical Control Panel

Turn the AC switch (located on the back of the cabinet) to the ON position.

The Datatest Model DT1000 start-up screen will appear for a second or two,
then the RUN Screen will appear.

Run Screen

The Run screen shows the instantaneous opacity value, the average opacity
value, the alarm status, and the time of day (in 24 hour time). If there are any
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alarms present, the description of the alarm will appear in the display in place
of “OK”. The possible alarms that will display are:

O.K. PRE ALARM
OVER ALARM FAILED CAL
BLOWER OUT DUST ALARM
LAMP OUT MOTOR FAULT
PULSE FAULT H/W FAULT

Press the “CLR” key to make the Main Menu appear.

PARAMETER SET-UP

Pressing the “2” key will bring up the Parameter Screen Menu. All the
parameters that can be field programmed can be displayed through this menu.
To get from one parameter to another simply use the up or down arrows on the
keypad to move the parameter list up or down. An arrow at the left of a
parameter name indicates which parameter will be selected when the “ENT”
key is pressed.

Please note that the active parameter is the parame  ter on the bottom line
of the display.

Pre-Emission Alarm
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From the above screen, pressing the “ENT” key will bring up the Pre-emission
Alarm Screen. The Pre-emission alarm is an opacity level, that when reached,
activates a warning alarm indicating that the opacity is on the rise.

"#

$%

The default opacity set point is 15%. If another level is desired press the
number keys corresponding to the new percentage and then press the “ENT”
key. Press the “CLR” key if no parameter changes are needed.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished
with programming the parameters press the “CLR” key to display the Main
Menu.

Over Emission Alarm

YR
" o#

From the above screen press the “ENT” key to bring up the Over- Emissions
Alarm screen.

$%

The over emission alarm will activate if the opacity exceeds the chosen opacity
value. The default over emission opacity set point is 20%. If another level is
desired press the number keys corresponding to the new percentage and then
press the “ENT” key
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When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished
with programming the parameters press the “CLR” key to display the Main
Menu.

Alarm Delay

YR
#
&

From the above screen press the “ENT” key to bring up the Alarm Delay
screen.

& ' %#(

The alarm delay is the time period between when a pre-emission or over-
emission level is reached and when the alarm activates. The default alarm
delay set point is 1 second; the maximum delay is 60 seconds. If a different
delay is desired press the number keys corresponding to the time and then
press the “ENT” key.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished
with programming the parameters press the “CLR” key to display the Main
Menu.

Average Time
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From the above screen press the “ENT” key to bring up the Average Time
screen.

The average time is the time frame in minutes that will be used for either the
Block and Average opacity display. The Average Time default is 6 minutes.
The range of Average Time is 1 minute to 60 minutes. If another average time
is desired, press the number keys corresponding to the new time and then
press the “ENT” key.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.

Press the up or down arrow to get to the next parameter If you are finished with
programming the parameters press the “CLR” key to display the Main Menu.

Cal Time

g
)

*+)

From the above screen press the “ENT” key to bring up the CAL Time screen.

S

~k+’# -

The CAL Hour is the hour of the day that the calibration (zero and span check)
time will synchronize and in essence becomes the start time that the Frequency
parameter will count from. The Cal Time default is 8 AM (time is displayed in 24
hour time (without leading or trailing zeros). The range of Cal Time is O
(midnight) to 23 (11:00 PM). To set the Cal Time press the number keys
corresponding to the new time and then press the “ENT” key.
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When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished
with programming the parameters press the “CLR” key to display the Main
Menu.

CAL Frequency

)

*+)
*+/ 0 %'

From the above screen press the “ENT” key to bring up the CAL Frequency
screen.

*+/ 0 %'

*+2 0 H# 34

The CAL Frequency is how often (in hours) the calibration will occur. The Cal
Frequency default is 1 (one hour). The range of Cal Frequency is 0 (no
calibration) to 24. To set the Cal Frequency, press the number keys
corresponding to the new frequency and then press the “ENT” key.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.

Press the up or down arrow to get to the next parameter If you are finished with
programming the parameters press the “CLR” key to display the Main Menu.

Span Cal Target

*+)
*+/ 0 %'
11$ *+)

Press the “ENT” key to bring up the Span CAL Target screen.
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1$ )

1$ $%

The Span Target default is typically 39.50 percent. It is matched to the filter on
the motor chopper wheel and is denoted on the serial number labels. It may be
a different default value if the system is corrected to a stack outlet diameter.
This number (regardless of its default value) shoul d not be changed
without first consulting the factory.

Exit Correction

*+/ 0 %'
1$ *+)
"5 *# % #

Press the “ENT” key to bring up the Exit Correction screen.

"6)* ") 7

#

The Exit Correction ratio as displayed on the screen is locked into the control’s
program at the factory and cannot be changed as per US EPA specification.
The correction ratio is based on the position of the measuring device and the
stack exit diameter.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.

Press the up or down arrow to get to the next parameter If you are finished with
programming the parameters press the “CLR” key to display the Main Menu.
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Datatest

Positive Offset

1$ *+)
"S5 *H % #
L# 22

Press the “ENT” key to bring up the Positive Offset screen.

1)8" //1")

#

The Positive Offset default is 0.00 percent. The range of Positive Offset is one
(1) percent to ten (10) percent in increments of one tenth (0.1) of a percent. To
set the Positive Offset, press the number keys corresponding to the desired
percentage and then press the “ENT” key.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.

Press the up or down arrow to get to the next parameter If you are finished with
programming the parameters press the “CLR” key to display the Main Menu.

Negative Offset

Press the “ENT” key to bring up the Negative Offset screen.

"S5 H % #
# 22
7 22
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7":)8" //11")

$ %

The Negative Offset default is 0.00 percent. The range of Negative Offset is
one (1) percent to ten (10) percent in increments of one tenth (0.1) of a percent.
To set the Negative Offset, press the number keys corresponding to the
desired percentage and then press the “ENT” key.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished
with programming the parameters press the “CLR” key to display the Main
Menu.

Mg/OPAC Ratio

# 22
7 22
g » #

Press the “ENT” key to bring up the Mg/Opac Ratio screen.

The Mg/Opac Ratio default is 0.00 percent. This 0.00 value actually turns this
parameter off. Entering a number within the 0.01 to 99 range turns on the
Mg/m? display in place of the opacity display on the Run Screen. To set the
Mg/Opac ratio, press the number keys corresponding to the percentage and
then press the “ENT” key.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished
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with programming the parameters press the “CLR” key to display the Main
Menu.

Recorder Range

7 22
9 * #
| % (

Press the “ENT” key to bring up the Recorder Range screen.

&t T

$%

The recorder range is the percent of opacity that produces a full scale
deflection of the recording device. The Recorder Range default is 100 percent.
The range is one (1) to one hundred (100) percent. To set the Recorder
Range, press the number keys corresponding to the desired percentage and
then press the “ENT” key.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished
with programming the parameters press the “CLR” key to display the Main
Menu.

Block/Roll Average

9 * #
ot (
I: #9%<9 #

The Press the “ENT” key to bring up the Block/Roll Average screen.
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9 * #
0ot (
I: #9%<9 #

The average value of opacity that is displayed in the Run screen can be a block
average or a rolling average. The block average is taken over the averaging
time (see next parameter) and a new average starts for the next averaging
time. The average value is displayed after the averaging time has elapsed.
The rolling average constantly averages over the averaging time dropping off
the oldest value and adding the newest value, every second or less. The
Block/Roll Average default is zero (0). Zero (0) represents Block averaging;
one (1) represents Rolling average. To set the Block/Roll Average press the
number keys corresponding to the desired type and then press the “ENT” key.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.

Press the up or down arrow to get to the next parameter If you are finished with
programming the parameters press the “CLR” key to display the Main Menu.

Date

ot (
- #96<9 #
18

Press the “ENT” key to bring up the Date screen.

&) 99 -

"7) # %=
*+ #

To set the current date press the number keys corresponding to the desired
date (using the format MM/DD/YY, where single digits are preceded by a zero
and the year is the last two digits) then press the “ENT” key
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When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished
with programming the parameters press the “CLR” key to display the Main
Menu.

; #96<9 #
&
)

Press the “ENT” key to bring up the Time screen.

)"

"7) # %=
*+ #

The Time default is 12:00 (time is entered in military time -24 hour time). To
set the current time press the number keys corresponding to the desired time
(using the format HH/MM, where single digits are preceded by a zero, then
press the “ENT” key.

DO NOT PUSH THE ENTER KEY IF THERE IS NO TIME ENTERED.

When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished
with programming the parameters press the “CLR” key to display the Main
Menu.
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Comms.

&

)
g1 $

Press the “ENT” key to bring up the Comms, Setup screen.

&1 & >

&

Then communicating with a remote device (DCS, PC, PLC, etc.), the controller
must have a unique ID number between 1 and 255.

To edit the Modbus ID, press the numeric keys that correspond to the desired
number and press the “ENT” key to accept this value.

The following screen will now be displayed:

MODBUS Port Parity
0=Even, 1=0dd
Parity = 0

If the system is communicating with a remote device, the remote device and
the controller must both be communicating with the same parity. Press either
the “0” or “1” key depending on the parity desired, and then the “ENT” key.

The following screen will be displayed.

MODBUS Baud Rate
4800, 9600, 19200
Baud = 09600

If the system is communication with a remote device, the remote device and
the controller must both be communicating with the Baud Rate. Press the
numeric keys that correspond to the desired baud rate, and then the “ENT” key.
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When either the “CLR’ or “ENT” is pressed the Parameter Menu will reappear.
Press the up or down arrow to get to the next parameter. If you are finished

with programming the parameters press the “CLR” key to display the Main
Menu.
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UTILITIES SET-UP

From the Main Menu screen press the “3” key to bring up the Utilities Menu.

AAA 7 "7 AAA
4 7

4 "1
4)+)"1

Utilities Screen

n =*~ ? #

Press the “ENT” key to start a calibration (span and zero check) cycle. For
about 3 seconds the screen will show that the calibration has started.

L)
1

Even though the screen disappears, the calibration cycle is still active and will
automatically stop at the end of the cycle.

Offset Adjustment

1 * 2 #
122 (@
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Press the “ENT” key to start the offset adjust cycle. For about 3 seconds the
screen will show that the offset is being adjusted.

B# (1%
#22 (@ (

When the offset adjust screen disappears, the adjustment has been completed.
When the “CLR’ key is pressed the Utilities Menu will reappear. Press the up

or down arrow to get to the next parameter. If you are finished with
programming the utilities press the “CLR” key.

CAL Values

1 *? #
22 (@

I+ 8

Press the “ENT” key and the CAL Values screen will appear.

*? #8

Bll
17

The first column is the measured value. The second column is the value
recorded during “Offset Adjust”.

When the “CLR’ or “ENT” key is pressed the Utilities Menu will reappear. Press

the up or down arrow to get to the next parameter. If you are finished with
programming the utilities press the “CLR” key.
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Signals
22 (@
* + 8
11

Press the “ENT” key and the Signals screen will appear.

# $
(% C

The values on this screen are for diagnostic purposes. The values are the
digital representation of voltages for various internal signals.

They represent the following:

| = signal for light across the stack (or duct)

lo = reference signal

Idc = no light reference signal

Ip = zero opacity reference signal

Idp = span opacity reference signal

100 = | max. opacity reference count (100 % opacity)

When the “CLR’ or “ENT” key is pressed the Utilities Menu will reappear. Press

the up or down arrow to get to the next parameter. If you are finished with
programming the utilities press the “CLR” key.

Analog Output

WARNING! DO NOT PRESS “ENT” OR ADJUST THESE VALUES WHILE
UNDER NORMAL REPORTABLE OPERATION AS THEY WILL GREA TLY
AFFECT THE OPACITY LEVEL BEING RECORDED.
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The first of three screens shows an output of 4 ma, the next screen shows 20
ma, and the third screen shows 12 ma. Pressing the “ENT” key moves

between the three screens.

The ma value displayed on the screen is the value of the signal being
generated at the analog output terminal. These values are used to set up the
zero, span and mid range values of the attached instrumentation.

When the “CLR’ or “ENT” key is pressed the Utilities Menu will reappear. Press
the up or down arrow to get to the next parameter. If you are finished with
programming the utilities press the “CLR” key.

Diqital I/0

Press the “ENT” key and the Digital 1/0 screen will appear.

&7
&)

&

9
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The Digital I/O screen displays the activity of the inputs and the outputs. The
number of the active input or output point will be displayed in its appropriate
place. In this way all the active points can be see at the same time.

When the “CLR’ or “ENT” key is pressed the Utilities Menu will reappear. Press

the up or down arrow to get to the next parameter. If you are finished with
programming the utilities press the “CLR” key.

Diagnostics

# %
& 9
& # %

Press the “ENT” key and the first Diagnostics screen will appear.

& # %

Motor
Speed =48.3 rpm

The first diagnostic screen will display the speed of the chopper motor. Small
changes in the speed are normal. Should the motor speed deviate from a pre-
selected speed a Motor Fault alarm will activate

Press the “ENT” key and the next Diagnostics screen will appear.

& # %
Timing Pulses
| =0, lo =0
Ip=0, Idp=0

Where:
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| = signal for light across the stack (or duct)
lo = reference signal

Ip = zero opacity reference signal

Idp = span opacity reference signal

As the various pulse signals are received the zeros (0) will change to ones (1),
and then periodically the ones will be cleared back to zeros. If a zero does not
change to a one before the reset the controller is not receiving a proper signal.

Press the “ENT” key and the last Diagnostics screen will appear.

& # %

& *#

Should the microprocessor fail to process the timing signals from the
transmitter the Pulse Overrun “OK” will change to “Fault”. If the microprocessor
detects an internal hardware error, The A-D Converter “OK” will change to
“Fault”. If either of these Faults occur contact Datatest for corrective action.

When the “CLR’ or “ENT” key is pressed the Utilities Menu will reappear. Press

the up or down arrow to get to the next parameter. If you are finished with
programming the utilities press the “CLR” key to display the Main Menu.

Software Version

& 9
& # %
IM#2E 8 #

Press the “ENT” key and the Software Version screen will appear.

1#2E 8 #

& 8

This screen simply displays the software name and version number.
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When the “CLR’ or “ENT” key is pressed the Utilities Menu will reappear. Press
the up or down arrow to get to the next parameter. If you are finished with
programming the utilities press the “CLR” key.

Clear Memory

& # %
1#2E 8 #
I* #'

Press the “ENT” key and the Software Version screen will appear.

Press the numeric key that corresponds to the desired response (0 or 1). The
number pressed will appear next to the word “Enter”. After choosing a
response, press the “ENT” key. The memory will clear and the Run Screen will
be displayed.
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Chapter 5 - EPA Audit Device and Procedure

The EPA Audit Device (optional) for the DT1000 consists of an Audit Jig, 3 Neutral
Density filters, and a piece of black felt.

Each filter is installed in a filter holder. There are Low (5 to 19% opacity), Mid (10 to
20% opacity), and High (20 to 40% opacity) filters. Figure 4-A shows the Jig and a
filter. Figure 4-B shows the placement of the jig in the air purge cavity.

The complete USEPA audit procedure is available from Datatest at no additional cost.
This is a comprehensive procedure designed by the USEPA specifically for Datatest
opacity meters.

Installing the Audit Jig

A. On the transceiver, remove the air purge cavity cover plates.

B. One side of the cavity has the dust measurement fiber optic cable. Insert the audit
jig from the opposite side. Insert the jig into the 1” diameter hole in the air purge
cavity. Make sure the jig is securely in place.

Audit Jig
Back

Iris

N
i Audit Jig Filter
Iris
Front
Lever
Figure 4-A

View of Audit Jig and Filter
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Audit Jig

Heater

Thermostat

Electrical
Connection
for Heater

T~ Dust Gap

Figure 4-B
Placement of Audit Jig in Transceiver Air Purge Box

Performing Calibration Error Test

Remove the Transceiver air purge box back side cover plate and mount the Audit Jig
in the Transceiver air purge box. There is an alignment pin in the Audit Jig that must
match up with the mount on the box.

Insert the zero audit filter.
Adjust the iris on the audit device, by moving the iris adjustment lever, for 0% opacity

on the control unit display. These measurements are taken with the transmitter door
closed.
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Insert the Low (.1), Mid (.2) , and High (.3) filters sequentially, in that order, into the
Audit Jig and record the Opacity value obtained in the form shown in figure 4-C.
Repeat this four (4) more times.

NOTE: Clear stack conditions are not necessary to perform this audit. Since the Audit
Jig is mounted in the Transceiver air purge box, it blocks any light from passing
through the stack.

If a system has exit correction, the exit correction factor has already been burned into
the data bank and can be accessed by going to the stack Exit Ratio Screen under the
Parameter Screen and scrolling through the options until you come to the exit
correction value.

The exit corrected value of a known ND filter will be read on the control unit display.
Where the exit correction factor is 1.00, the filter values displayed will be the actual
filter values.

Where the exit correction factor is not 1.00, the filter values displayed will be the Path
Adjusted Optical Density. See Calibration Error Determination data sheet, figure 4-C.
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Calibration Error Determination

Test Person: Analyzer Manufacturer:  Datatest
Affiliation: Model / Serial #:
Date: Location: Hillsborough, NJ 08844

Monitor Path Length, L1:
Outlet Path Length, L2:
Monitoring System Output Path Length Corrected?: No
Exit Correction Ratio

Calibrated Neutral Density Filter Values

Actual Optical Density Path Adjusted Optical Density
Low-Range: Low-Range:
Mid-Range: Mid-Range:
High-Range: High-Range:
Calibration Filter
Value in % opacity
from certification
documents supplied Arithmetic Difference %
Filter | with filters. Instrument Reading Opacity
Number % Opacity Low Mid High
Low 1 X X
Mid 2 X X
High 3 X X
Low 1 X X
Mid 2 X X
High 3 X X
Low 1 X X
Mid 2 X X
High 3 X X
Low 1 X X
Mid 2 X X
High 3 X X
Low 1 X X
Mid 2 X X
Ligh 3 X X
Arithmetic Mean: X
Confidence Coefficient: CC
Calibration Error: [X| + |CC]|
Figure 4-C
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Chapter 6 — MAINTENANCE

Cover Glasses and Fiber Optic Cables

The most important maintenance function on this equipment is to make sure that the
air purge is sufficient, clean, and dry. It should meet the EPA specification for clean
air of less than 75 micrograms per cubic meter. If the air is moist, then a film of
condensed water will form on the optical windows and increase the opacity
measurement. The optical windows should be cleaned at least every 3 months,
depending on the effluent. Sometimes, it is necessary to clean the optical windows
several times a week. Also, the fiber optic cable in the air purge cavity should be
cleaned with a cotton swab. Use lens cleaner or alcohol.

Lens Cover Cleaning -- Both the transceiver and the retroreflector must be
cleaned. Lens cleaning fluid is preferred. Soft cloth or soft lint-free paper towels can
be used. The lens surface must be wiped with the cleaner, then carefully wiped so the
lens is streak and film free using a separate, clean, dry cloth or paper.

Glass Fiber Optic Cable End Cleaning

In the transceiver, the two ends of the dust monitoring glass fiber optic cables must
also be cleaned using lens cleaner and a cotton swab. Care must be exercised in
wiping these surfaces dry and film free.

Air Filters

The air purge filter MUST be replaced every six (6) months. Do not judge the filter's
cleanliness by its exterior appearance. All particulate and trapped materials are only
visible when the cap is removed and the filter (or filters) is removed. The replacement
filter part number is DK5004.

Purge Air Blower

The purge air blower should be inspected every three months for correct operation.
Make sure air is being sucked in or blown out by placing your hand over the air intake
or exhaust. If you don't feel it, check to make sure the motor is operating properly and
the intake or exhaust isn't blocked.

Check to make sure the motor isn't over heating. If it gets too hot, it will automatically
shut down. If it is making a lot of noise, check to make sure the bearings are good.
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Lamp Replacement

To replace the lamp, remove the screws that hold the lamp bracket to the base plate
and disconnect the 2 wires from the terminal strip. Replace the lamp in exactly the
same position as the old one and adjust the system according to the calibration
instructions.

NoTE: The bulb filament must be perpendicular to the ground and the rear edge of the
light bracket must be flush with the rear edge of the chassis plate.

Chopper Disk

In the transceiver, check to make sure the screw holding the rotating disk is tight. If it
should become loose, the timing signals will be off and the signals won't be properly
recorded on the recorder. If there is a high opacity reading, this may also be caused
by the disk not turning properly, or not being aligned correctly. DO NOT FORCE THE
DISK CLOCKWISE OR DAMAGE WILL OCCUR.

Adjustment of Opacity
If there is a clear stack, check the opacity on the control unit. The reading should be

zero. If it has a value other than zero, there may be dust in the stack due to people
working in the furnace or at other parts of the flue system.

If the stack is perfectly clear and the opacity does not read zero, refer to Transmitter
Signal Adjustment at the Stack; (for a clear stack), below.

Transmitter Signal Adjustment at the Stack (forac  lear stack)

This procedure is used for major maintenance such as replacing the transceiver unit.

(a) Check of Lamp Voltage:
Check the transmitter lamp voltage with a digital voltmeter across TB3-1 and 2
for 10.0 volts DC. The adjustment of this voltage is made in the lamp supply.

(b) Measurement of the light through the stack (1):
With the rotating disk stationary (off) adjust the disk counterclockwise so that
the light goes through the stack. See Figure 5-A.

Connect a digital voltmeter to TB2-5 and 6, positive and negative respectively.
Record the voltage read on the digital voltmeter. This is the (I) signal (light
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through stack). This number should be fairly close to that stated on page 2 of
this manual. This number is now used as the basis for comparison of the (I),

(lo), and (I).

Figure 5-A
Light through Stack

(c) Adjustment of the light through the Reference Cable (l):

Rotate the wheel until #1 is at the top and adjust the (Io) attenuating screw until
the meter reading matches the reading for (1) (see Figure 5-B and 5-C ). This is
the reference lo value.

Figure 5-B
Reference Cable (l0)
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ng Screw for lo

Adjust clockwise to attenuate the signal,
counterclockwise to increase the signal.
Lock in place after adjustment is made.

Lrs

Requires 7/32 Allen key.
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~ \Adjustment - P8
. Block g Ca .

L]
« "

g E - b
= M <
e z83

st B = - a
q}_; @&'t' ' |

Attenuating Screw for Adjustment of lo
Figure 5-C

To Adjust the digital voltmeter reading adjust the light through this cable so that
the digital voltmeter reads the same value as in part (b). The adjustment can
be made by using the attenuating screw, see Figure 5-C. Fine adjustment may
be made using the adjustment block.

To increase the voltage at the digital voltmeter, allow more light to go into the
fiber optic cable. This is accomplished by adjusting the attenuating screw. To
decrease the light, do the opposite. Make sure that the 4-40 nut on this screw
is tight after adjustment.

(d) Adjustment of the (I') (zero)

Rotate the disk so that #3 is at the top (figure 5-D). Make any necessary
adjustments to the attenuating screw (Figure 5-E) so that the meter reading
matches the reading for | and lo as obtained in part (b) and part (c). The end
result of thisisto setl=1o=1. I'is the simulated zero signal.
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Figure 5-D
I’ and adjustment

ttenuating rew for

Adjust clockwise to attenuate the signal,
counterclockwise to increase the signal.
Lock in place after adjustment is made.

.- i Requires 7/32 Allen k
"\ Adjustment

s

Ghe-

Figure 5-E
Attenuating Screw for Adjustment of I’

This completes the adjustments of the equipment on the stack. At this time, the
transmitter signal set up is completed. Start the motor in the transmitter. Close

the door.
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Special Note

Oscillation of the Opacity Monitor

After installation, the opacity level may oscillate up and down at some erratic
rate. This means that the receiver amplifier was improperly grounded. Check
with an ohmmeter for proper grounding of the cell block to the stack ground
source.
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Datatest

Chapter 7 - Troubleshooting

PROBLEM

CAUSE

SOLUTION

Opacity meter goes below 0.

Optical alignment is
off.

Recheck the optical
alignment.

System was set up
and calibrated with
dirty lenses, cover
glasses, etc. After
routine maintenance,
| signal is increased.

Check and clean all system
optics (as per maintenance
instructions in chapter 4).
Readjust the signals to obtain
I=lo=I' and recalibrate with a
clear stack

Loose fiber optic
cables in the
transceiver or broken
glass fibers in the lo
cable.

Check the tightness of the
cables and the hardware.
Check the lo signal level. If lo
isless than | and I', and I=I’
(clear stack), then it may be
broken glass fibers. Readjust
signals to obtain I=lo=I" and
recalibrate.

Opacity meter and recorder
have numerous sharp
spikes.

Excessive ripple in
any of the following
voltages: +5V, +15V.
Ripple on any of
those voltages
should not exceed
20 mV-P.P.

Check the filter capacitors
and regulators. Check the AC
ripple on the lamp supply.

Oscillation on +15V
or +5V power supply.
Frequency between
1 MHz and 5 MHz.

Replace defective regulator.

Excessive ripple on
the lamp power

supply.

Replace filter capacitor.
Replace complete power

supply.

TB2-Pin 9 grounded
in the transmitter.
This point should not
be grounded.

Inspect ground shields on the
cables in the transmitter.
Only the shield of the cable
from the lamp supply should
go to the case ground.

Opacity meter does not
change when it should.

Faulty power supply
+5V and +15V.

Fix power supply.
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Incorrect opacity reading.

Loose glass cables,
broken glass fibers in
cables.

Clean all optics and check
tightness of cables.

With clear stack, adjust all
signals to be equal.

With operating stack, use the
audit device to adjust for a
known | voltage. Recalibrate
monitor and remove audit
device.

Optical alignment is
off.

Recheck the optical
alignment.

High opacity

Low output for light
through stack (I).

Check optical alignment
between transceiver and
retroreflector.

Increased lo Signal

Select Utilities and check
signal levels of I, lo, and I'. If
lo is increased from its normal
level, at the transmitter check
the glass cables in position #1
(disk) light path. Reset
signals and recalibrate.

Zero or span not working

Zero and/or span
switches are broken
or not making
contact.

Check the switches in the
transceiver. Replace the bad
switches.

Broken wire
connection between
the transceiver and
the control unit.

Check wire connections for
zero and span between the
transceiver and the control
unit.

Component failure
on the mother board.

Contact Datatest for a Return
Authorization Number.

Opacity output varies with
temperature.

Moisture in the
transceiver and/or
retroreflector.

Put several bags of desiccant
in the transceiver and retro-
reflector cases.

Purge box heater
failure

Check heaters, thermostat,
and incoming voltage.

Opacity varies appreciably
for no apparent reason.

Poor optical
alignment.

Realign the transceiver/
retroreflector.

Loose glass cables.

Check for loose cables.
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Loose alignment. Check the tightness of the
alignment hardware. Realign
transceiver/ retroreflector.

Stack vibration. Install slotted pipe.

| |Opacity below 0% or at|Notreceiving timing |Go to Utilities / Diagnostics.

100%. pulses.
J | Recorder not operating. 0 - 20 mA circuit not | Contact Datatest for a Return
working. Authorization Number.

K | Unstable ZERO and SPAN Loose screw holding | Tighten the screw.
measurement. the chopper disk.

Troubleshooting Helpful hints

1.

2.

For a clear stack condition l=lo=I>1/I

At all times lo=1>1
(With the exception of dust accumulation)

With Dust Accumulation "<,

Opacity in stack [<lp=1I>1I
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Chapter 8 - Electronic Circuits

Transceiver

Lamp Power Supply
The lamp power supply is housed in a separate case next to the transceiver. This
power supply, operating at 10.0V, 2A, is a module that can be completely replaced.

Chopper Disk

This disk chops the light so that the light is sequentially exposed to the detector cell
connected to the receiver amplifier. Behind the chopper disk, looking at it from the
light source, are three (3) photo-transistors for timing the rotation of the disk.

[ 454 - 4544
Idc
SUNLIGHT
|< 90A 1804 AMP. DRIFT
Si CELL DARK CURRENTS
|< 3604 >| * NOT MEASURED

Figure 7-A
Output of the silicon cell in the receiver

The signal is actually negative when measured at the following test points:
Transceiver -- TB2-5 and 6
Control Unit -- P2 pin 5 and pin 6
Positive and negative respectively.

The signal currents that correspond to the light on the cell in the receiver are shown in
Figure 7-A.

| -- light through the smoke stack

lo -- light through the reference fiber optic cable -- disk position 1

I’, I” -- light through the zero and span fiber optic cable (includes dust measurement) --
disk position 3

lac -- change in the photocell due to temperature changes, dark currents, amplifier
changes, and sunlight -- disk position
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Since all four signals are taken off the same cell (changes in the lamp voltage cancel
out), the cell outputs are decoded in the control unit. The light from the lamp is not
available for lo, I', and I” timing signals so individual solid state lamps are used.
These lamps do not emit light in the visible spectrum.

Receiver Amplifier

The light passes through the smoke stack (or duct) and is reflected back to the
transceiver. In the transceiver, this light is received on the silicon cell. This signal is
amplified by the operational amplifier and the output goes to the control unit. This
amplifier is powered by + 15V from the control unit. The door of the transceiver must
be closed in order to shield the silicon cell from ambient light and electrical
disturbances. The receiver amplifier MUsT be properly grounded at the stack to
prevent uncontrollable system drift.

Amplifier & silicon cell in one assembly:

The amplifier is contained in the same assembly as the silicon cell, photopic filters and
aperture. There are no adjustments for this amplifier. It is a chopper-stabilized op-
amp, with automatic offset correction. The amplifier assembly may be replaced by
removing the wires from the terminal strip on the transceiver chassis.

Control Unit

Timing for decoding the silicon cell
The signal from the silicon cell in the transceiver contains five bits of information
shown in Figure 7-A

I - light through the smoke stack

lo -- light from the lamp (reference)

I - simulated zero (may be affected by dusting)
I -- simulated span (may be affected by dusting)
Idc - artifacts such as sunlight, drift, etc.

The timing signals from the photo-transistor cells in the transceiver are amplified and
then converted to TTL compatible logic levels. The Idc signal timing is derived from
the lo timing signal.

Decoding the Signal from the Silicon Cell in Receiv___er
This signal is again amplified and connects to an A to D converter.

l, lo, lge, I, @and 1”
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These pulses are essentially timed by the chopper disk in the transceiver, thereby
separating out I, lo, Idc, I', and I”. The I’ and I” only occur during calibration and hence
take the place of I.

Sunlight and dark current drift are subtracted from | and lo.
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Chapter 9 - Data Register Map Information

The protocol used for communication between the DT1000 and a PC/DCS/PLC
is MODBUS. Only the binary form of the MODBUS protocol, remote terminal
unit (RTU) framing is supported. The PC/DCS/PLC must be configured as the
MODBUS master. The DT1000 is configured as a MODBUS slave. The
following MODBUS command is supported:

READ HOLDING REGISTERS (COMMAND BYTE = 03H)

The electrical connection to the DT1000 is RS232/422/485 using 8 bits,
even/odd parity and 1 stop bit. The data rate is selectable from 4800, 9600,
and 19200 BPS.

REGISTERS

Diagnostic Registers

40001 Message Counter

40002 Read register (03) message counter
40003 Invalid CRC message counter

40004 Exception response message counter
40005 Write command message counter
40006 Last Exception code

Status Registers

40020 Device status
No alarm
Pre-Emission alarm
High Emission alarm
Failed calibration alarm
Blower failure

Dust alarm

Lamp out alarm
Motor Fault

Timing pulse fault
Internal fault

OCo~NOOUIAWNEO

40021 In calibration flag 0 = Normal, 1 = In calibration

Integer Opacity Registers

40030 Instantaneous opacity.
40031 Rolling average opacity
40032 Block average opacity
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40033 Zero calibration value
40034 Span calibration value

Floating point Opacity Registers

40038-9 Instantaneous opacity floating point value
40040-1 Rolling average opacity floating point value
40042-3 Block average opacity floating point value
40044-5 Zero calibration value floating point value
40045-6 Span calibration value floating point value

Integer opacity values are stored in units of 1/100. Example 54.32 % is stored
as the number 5432

Floating point value format corresponds to that of the IEEE-754 standard.
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Chapter 10 - Simplified Transmitter Setup Procedure

For the following procedure you should have a clear stack or use an audit
device for a simulated clear stack.

Initial Transmitter Set-up

1.) Align transmitter and retroreflector housing across stack with motor stopped
at clear hole position (I signal)

2.) The value for I (light through stack), I' (simulated zero), and Ip (reference)
should be set for 1.000 Volt. This voltage can be measured across TB2-5 and
TB2-6 in the transmitter. (Control unit should be turned on)

3.) Block the light to the reflector using flock paper and put both the zero and
span switches in the up position at the same time and wait for the control unit to
read 100% (approximately 5 seconds). Then put both switches down. Wait 5
seconds and remove the flock paper. While performing this procedure all doors
to the purge boxes, retroreflector should be closed and the transmitter shielded
from ambient light.

4.) The control unit should now be reading 0 percent opacity and is ready for
in-service use. The keypad may be accessed at any time. When the control
unit is turned on the display will automatically go to the run mode displaying
instantaneous and average values.

Initial Parameter Set-up

Follow the instructions found in Chapter 4 and set-up all the parameters
(Parameter Set-up).

Once you have completed the parameter set-up, press the CLEAR key to go to
the Main Menu.

Utility Set-up

In the Main Menu screen press the “3” key to go to the Utilities Menu. Scroll
down and run the Offset Adjust, Start Calibration, then check Calibration
Values, and Signals.
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Verify that all readings and indications are correct. See the descriptions under
each Utility.
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Chapter 11 — Modbus RTU Data Map

The protocol used for communication between the DT1000 and a PC/DCS/PLC is
MODBUS. Only the binary form of the MODBUS protocol, remote terminal unit (RTU)
framing is supported. The PC/DCS/PLC must be configured as the MODBUS master.
The DT1000 is configured as a MODBUS slave. The following MODBUS command is
supported:

READ HOLDING REGISTERS (COMMAND BYTE = 03H)

The electrical connection to the DT1000 is RS232/422/485 using 8 bits, even/odd
parity and 1 stop bit. The data rate is selectable from 4800, 9600, and 19200 BPS.

REGISTERS

Diagnostic Registers
40001 Message Counter
40002 Read register (03) message counter
40003 Invalid CRC message counter
40004 Exception response message counter
40005 Write command message counter
40006 Last Exception code

Status Registers
40020 Device status

0 No alarm

1 Pre-Emission alarm

2 High Emission alarm

3 Failed calibration alarm

4 Blower failure

5 Dust alarm

6 Lamp out alarm

7 Motor Fault

8 Timing pulse fault

9 Internal fault

40021 In calibration flag 0 = Normal, 1 = In calibration

Integer Opacity Registers

40024 Raw lo measurement
40025 Raw Iref measurement
40026 Raw Izero measurement
40027 Raw Ispan measurement
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40028 Raw Idc measurement
40030 Instantaneous opacity.
40031 Rolling average opacity
40032 Block average opacity
40033 Zero calibration value
40034 Span calibration value

Floating point Opacity Registers

40038-9 Instantaneous opacity floating point value
40040-1 Rolling average opacity floating point value
40042-3 Block average opacity floating point value
40044-5 Zero calibration value floating point value
40045-6 Span calibration value floating point value

Integer opacity values are stored in units of 1/100. Example 54.32 % is stored as the
number 5432

Floating point value format corresponds to that of thelEEE-754 standard.
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Chapter 12 — Typical Installation and Wiring Diagra ms

The following pages contain typical installation and wiring diagrams. Please
refer to any job specific drawings that were supplied with the material for your
site.
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