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Features of the Series 1400a Monitor

The Series 1400a monitor incorporates the TEOM®  mass measurement system for the
continuous measurement of particulate mass concentration in ambient air with
unmatched resolution and precision.  The instrument contains the following advanced
features:

• New mass transducer design provides improved mass resolution for
short-term measurements.

• Automatic measurement of ambient temperature and pressure to main-
tain a constant volumetric flow through the sample inlet.

• Instrument operation at 1, 2 or 3 l/min to provide time-resolved mass
measurements in locations from clean background monitoring stations to
highly polluted urban areas.

• Internal data logging allows for the storage of 5 weeks of data stored every
half hour with 8 data fields per record.  This circular buffer can store even
more than 5 weeks of information if data are stored less frequently or if
there are fewer than 8 fields per record.

• Three real-time analog outputs allow for straightforward connections to
data loggers or chart recorders.  These outputs can be configured as 0-1,
0-2, 0-5 or 0-10 VDC.  The monitor also contains two user-definable
contact closure circuits.

• The monitor contains two levels of password protection--low and high
lock.  These can be used to restrict access to instrument functions.

• Advanced RS-232 support.  This allows users at remote locations to
change instrument parameter settings as well as retrieve information
from the instrument.  The RS-232 capabilities also allow the user to
download information stored in the internal data logger.

• Seven built-in analog input channels with conversion to engineering units
and data averaging capability.  This allows the user to collect and store
information in the Series 1400a monitor generated by other measurement
devices.

• Support for the ACCUTM system through advanced software and hard-
ware features.  The ACCU system is an intelligent sampler that gives the
user significant flexibility in the sampling of particulate and/or gases
through filters, filter packs or polyurethane (PUF) sampling modules.

✔  Built-in analog input
channels permit the monitor
to be used as a data logger.
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UUUUU.S..S..S..S..S. EP EP EP EP EPA DesignationA DesignationA DesignationA DesignationA Designation

Rupprecht & Patashnick TEOM®  Series 1400 and 1400a PM-10 Monitors
EPA Designation No. EQPM-1090-079

The United States Environmental Protection Agency (U.S. EPA) has designated the
Rupprecht & Patashnick TEOM®  Series 1400 and 1400a PM-10 Monitors as an
equivalent method for the determination of 24-hour average PM-10 concentrations in
ambient air.  For use as a designated equivalent method, the TEOM®  Series 1400 and
1400a PM-10 Monitors must be operated with a Rupprecht & Patashnick PM-10 Inlet
(part number 00506-0000) or a Sierra-Andersen Model 246b PM-10 inlet, a flow rate
of 16.7 liters/minute, teflon-coated glass fiber filter cartridges, the total mass averag-
ing time set at 300 seconds, the mass rate/mass concentration averaging time set at 300
seconds.

The use of the Rupprecht & Patashnick (R&P) PM-10 inlet was approved by U.S. EPA
on December 9, 1990.

On September 1, 1993 the U.S. EPA approved the operation of the Series 1400 and
1400a monitors on a case-by-case basis at lower temperature settings under winter-
time conditions.  Requests to the U.S. EPA will be considered on a case-by-case basis
under the provisions contained in Section 2.8 (Modifications of Methods by Users)
of Appendix C to 40 CFR Part 58.  When granted, such approvals will limit use of the
low temperature operation to periods during the wintertime months, when outdoor
temperatures exceed 25 °C no more than 5 percent of the time, and to monitoring
locations where the prevailing ambient PM-10 aerosol has, or is expected to have, a
significant contribution from volatile or semi-volatile components.  The recommend-
ed set points for operation of the TEOM Series 1400 and 1400a PM-10 monitors at
the lower temperature as follows:

Enclosure Temperature: 25 °C
Case Temperature: 30 °C
Air Temperature: 30 °C
Cap Temperature: 0 °C (off)

A packet is available from R&P to assist agencies in applying for this user modifica-
tion.
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On March 3, 1994 the U.S. EPA approved the operation of the Series 1400 and 1400a
monitors at alternate main flow rates of 1 and 2 l/min in addition to the standard setting
of 3 l/min.  The following main and auxiliary flow rates apply to the approved flow
rate settings:

3 l/min Main Flow 13.67 l/min Aux Flow No change to Flow Splitter
2 l/min Main Flow 14.67 l/min Aux Flow Use 2 l/min Adapter (36-001664)
1 l/min Main Flow 15.67 l/min Aux Flow Use 1 l/min Adapter (57-001297)

When operating the instrument at the lower alternate flow settings, replace references
to the 3 l/min main flow and 16.67 l/min auxiliary flow with the actual flow rates used.

On October 24, 1995 the U.S. EPA approved the modification of the Series 1400a
monitor to include new features in units with serial numbers containing the “AB”
designation.  These changes include, but are not limited to, the re-design of the mass
transducer, new layout of the control unit, inclusion of sensors for ambient tempera-
ture and pressure, and the use of mass flow controllers designed by Rupprecht &
Patashnick Co., Inc.

U.S. EPA Designation (continued)
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This instrumentation from Rupprecht & Patashnick Co., Inc. (R&P) is covered by one
or more of the following patents:  U.S. Patent Office 3,926,271, 4,391,338, 4,696,181,
4,836,314; other European and Asian patents; also other U.S. and foreign patents
pending.

This documentation contains trade secrets and confidential information proprietary to
R&P.  The software supplied with the instrumentation, documentation and any
information contained therein may not be used, duplicated or disclosed to anyone, in
whole or in part, other than as authorized in a fully executed R&P End User License
or with the express written permission of R&P.

© 1989-1996 Rupprecht & Patashnick Co., Inc.  All rights reserved throughout the
world.

TEOM®, TEOMPLUS® and the “rp” logo are registered trademarks of Rupprecht &
Patashnick Co., Inc.  ACCUTM is a trademark of Rupprecht & Patashnick Co., Inc.
Other trademarks are the property of their respective holders.

Patents, Copyrights and Trademarks
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Repair of instrumentation manufactured by Rupprecht & Patashnick Co., Inc. (R&P)
should only be attempted by properly trained service personnel, and should only be
conducted in accordance with the R&P system documentation.  Do not tamper with
this hardware.  High voltages may be present in all instrument enclosures.  Use
established safety precautions when working with this instrument.

The seller cannot foresee all possible modes of operation in which the user may
attempt to utilize this instrumentation.  The user assumes all liability associated with
the use of this instrumentation.  The seller further disclaims any responsibility for
consequential damages.

Safety Notice



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

PAGE VI

Revision B.001

Unless otherwise agreed upon in writing by authorized personnel of Rupprecht &
Patashnick Co., Inc. (R&P) and the purchaser, the following warranty shall be in force
for equipment sold and operated in the United States of America.

R&P warrants that the R&P-supplied instrument shall be free from defects in material
or workmanship for a period of seven hundred thirty (730) days after the date of
installation or twenty-four (24)  months from shipment, whichever is sooner.  Subject
to the conditions of this provision, R&P agrees to repair or replace, free of charge, any
components of the equipment found to be defective in material or workmanship during
the warranty period.  Purchaser shall notify R&P of any detected defects and shall
return any equipment believed to be defective to R&P, suitably insured and at the
purchaser’s expense.  In the event R&P determines the equipment returned for
warranty correction is not defective within the terms of the warranty, purchaser shall
be responsible for all costs of handling and return transportation.  R&P’s sole
responsibility under the warranty shall be, at R&P’s option, to either repair or replace
any component that fails during the warranty period due to a defect in workmanship
and/or material, provided purchaser has promptly reported same to R&P and R&P has,
upon inspection, found such components to be defective.

The above warranty is contingent upon the proper use of the equipment (i.e., operation
and maintenance in accordance with the procedures set forth in the provided operation
manual(s)) and does not cover equipment that has been modified without R&P’s
approval, or which has been subjected to abuse or unusual physical or electrical stress.

This warranty does not cover any ancillary equipment to the instrument beyond the
warranty period provided by the manufacturer of the component, and does not cover
parts considered to be consumable in nature, such as pump rebuild kits.

THE ABOVE IS A LIMITED WARRANTY AND IS THE ONLY WARRANTY
MADE BY R&P.  R&P DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR
IMPLIED, INCLUDING ALL WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.  THE STATED EXPRESS WAR-
RANTY IS IN LIEU OF ALL LIABILITIES OR OBLIGATIONS OF R&P FOR
DAMAGES ARISING OUT OF OR IN CONNECTION WITH THE DELIVERY
OR USE OR PERFORMANCE OF THE EQUIPMENT.  IN NO EVENT SHALL
R&P BE LIABLE FOR ANY SPECIAL, CONSEQUENTIAL, EXEMPLARY OR
INDIRECT DAMAGES EVEN IF IT HAS BEEN ADVISED OF THE POSSIBIL-
ITY OF SUCH DAMAGES.

Warranty (U.S.)
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Equipment Ratings

The following information can be used to determine the power service requirements
for the Series 1400/1400a monitors (not including the sampling pump).

Line Voltage
115 V ~ 60 Hz 1.0 Amp
230 V ~50 Hz 0.5 Amp

The following fuse ratings must be used to protect the instruments at the selected input
voltage.  When fuse replacement is necessary, replace with identical fuse types and
ratings.

Line Voltage Fuse Type Fuse Rating
115 V ~ 60 Hz Slow Blow 2A, 250 V
230 V ~ 50 Hz Slow Blow 1A, 250 V
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Electrical and Safety Conformity

The product has been tested by ETL Testing Laboratories, and has been documented
to be in compliance with the following U.S. and Canadian standards:

UL Standard 3101-1
CAN/CSA C22.2 NO. 1010.1

Rupprecht & Patashnick Co., Inc. certifies that this product operates in compliance
with the EC Directive 89/336/EEC in reference to electrical emissions and immunity.
Specifically, the equipment meets the requirements of EN55011 Group 1, Class B
(Emissions) and EN55082-1 (Immunity).

In addition, the hardware has been tested for personal or fire safety hazards, and meets
the requirements of EN61010-1 (Safety) in fulfillment of EC Directive 73/23/EEC.
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This manual describes the installation and operation of the TEOM Series 1400a
PM-10 Monitor.  Follow the set-up instructions contained in Sections 2 and 3 of this
volume before applying power to the unit in the manner described in Section 4.

1.1. OVERVIEW OF MANUAL

This Operating Manual is composed of the parts described below.  The basic operation
of the instrument can be understood by reading Sections 2, 3 and 4.

Section 1:  Introduction
This Section provides an overview of the TEOM Series 1400a PM-10 Monitor, as well
as the theory of operation of the instrument’s patented mass transducer.

Section 2:  System Installation
This Section describes the manner in which the system hardware is set up.  In addition,
it provides guidance for optimizing the performance of the device.

Section 3:  Sample Filter Installation and Exchange
A TEOM filter cartridge must be installed in the system before the unit is turned on.
This Section explains the steps required to install and exchange filter cartridges.

Section 4:  System Operation and Data Storage
This Section provides detailed instructions for the operation of the Series 1400a
monitor.  It explains the basic data viewing and editing capabilities of the instrument,
the circumstances under which the TEOM filter cartridge should be exchanged, and
it explains the instrument's status conditions.  The data storage capabilities of the
internal data logger are also discussed.

Section 5:  Analog Inputs and Outputs
This Section describes the use of the monitor's 3 analog output channels, as well as its
analog input capability.  It also details use of the user-definable contact closures
incorporated in the Series 1400a system.

Section 6:  Serial Output and Two-Way Communication
This Section documents the RS-232 capabilities of the instrument for downloading
information to a serial printer, serial data logger, or a computer.  The discussion also
describes the monitor's two-way communication support.

Section 7:  Periodic Maintenance
This Section sets forth the routine maintenance procedures involved in operating the
Series 1400a monitor.

Section 1:  Introduction

✔  Follow the instructions in
Sections 2 and 3 before
powering up the monitor in
accordance with Section 4.

✔  Appendix H contains
abbreviated instructions for
setting up two-way RS-232
communications.
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Section 8:  System Calibration
This Section details the methodology for calibrating the instrument’s analog inputs
and outputs, flow controllers, and for confirming the setting of the mass transducer.

Section 9:  Optional ACCU System
This Section sets forth the installation and operation instructions for the ACCU
system.

Section 10:  Optional Complete Outdoor Enclosure
This Section describes the set up and operation of the Complete Outdoor Enclosure,
an air conditioned and heated instrument enclosure that houses the Series 1400a
monitor and optional data logging hardware.

Section 11:  Viewing Operations with a Computer
This Section describes the IBM®  AT® -based software provided with the monitor for
viewing the operation of the instrument in setup and diagnostic procedures.

Appendix A:  Listing of Program Register Codes
This Appendix lists the code assignments for system variables (Program Register
Codes) used to define the operation of the instrument.

Appendix B:  Summary of Instrument Screens
This Appendix shows the screens that appear on the four-line display of the Series
1400a monitor.

Appendix C:  Hardware Configuration
This Appendix contains detailed information on the hardware configuration of the
Series 1400a monitor.  It also describes the pin-outs of the connectors and cables used
in the system.  A more-detailed description of the system hardware, including wiring
diagrams, can be found in the Service Manual for the Series 1400a monitor.

Appendix D:  Downloading New System Software
This Appendix describes the manner in which new revisions of the system software
are downloaded into the Series 1400a monitor from an IBM AT-compatible personal
computer.

Appendix E:  Listing of Consumables and Parts
This Appendix calls out the consumables used in the Series 1400a monitor.  A listing
of spare part numbers is also provided.

Appendix F:  Maintenance of Inlets
This Appendix provides detailed maintenance guidelines for the R&P PM-10, PM-2.5
and PM-1 inlets, as well as the ACCU In-Line 2.5 µm Inlet.

✔  Program Register Codes
(PRC) are used to define
many aspects of the
instrument's operation.
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Appendix G:  Listing of ASCII Codes
This Appendix contains a list of the principal ASCII codes that may be used for setting
up the instrument's RS-232 communcations protocol.

Appendix H:  Communications Quick Start
This Appendix provides condensed instructions for connecting a personal computer
to the Series 1400a monitor for RS-232 communications.

1.2. APPLICATION RANGE OF THE SERIES 1400A MONITOR

The TEOM Series 1400a PM-10 Monitor is a real-time device for measuring the
particulate concentration of particulate smaller than 10 µm diameter in outdoor and
indoor ambient air, as well as for other particle size cut points.  TEOM instruments
are the only filter-based mass monitors that measure the mass of particulate suspended
in gas streams in real time.  This is made possible by a highly sensitive, yet rugged
inertial mass transducer patented in the U.S. and internationally by Rupprecht &
Patashnick Co., Inc.  The monitor is ideally suited for applications demanding real-
time ambient air particulate monitoring in outdoor, indoor or industrial settings.  In its
most common configuration, it calculates mass concentration, mass rate and the total
mass accumulation on the TEOM filter cartridge under the following conditions:

Flow Rate Through Sample Inlet 16.7 l/min (1 m3/hr)
Main Flow Rate 3 l/min
Temperature of Sample Stream 50 °C
Particulate Concentration less than 5 µg/m3 to several g/m3

The Series 1400a monitor uses the Rupprecht & Patashnick PM-10 Inlet to perform
a 10 µm particle size cut-off.  When fitted with a total suspended particulate (TSP)
inlet designed for 1 m3/h operation instead of the PM-10 inlet, the instrument functions
as a TSP monitor.  Other inlets are available from R&P for PM-2.5 and PM-1
monitoring.

1.3. GENERAL SYSTEM CONFIGURATION

The Series 1400a monitor (Figure 1-1) is composed of two major components:  the
TEOM Sensor Unit and TEOM Control Unit.  The system’s sample inlet and flow
splitting hardware, which are discussed in a later Section, are not shown in this Figure.
System parameters are entered by the user from the keypad on the front of the control
unit.  Additionally, the system is furnished with software for IBM AT-compatible
personal computers to view the operation of the instrument in real time, and to allow
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for the optional entry of system values from the computer.  The instrument does not
require a dedicated computer to function in the field.

The sensor unit contains the mass measurement hardware that allows for the
continuous monitoring of accumulated mass on the system’s exchangeable filter
cartridge.  By maintaining a flow rate of 3 l/min through the instrument and measuring
the total mass accumulated on the filter cartridge, the device can calculate the mass
concentration of the sample stream in real time.

The control unit houses an industrially-hardened microprocessor system, flow control
hardware, a gauge to determine filter lifetime, transformers and power supplies.  This
part of the device is mountable in a 19-inch rack for convenient installation.

1.4. OVERVIEW OF OPERATION

The TEOM Series 1400a PM-10 Monitor is a true “gravimetric” instrument that draws
ambient air through a filter at a constant flow rate, continuously weighing the filter and
calculating near real-time (10 minute) mass concentrations.  In addition, the instru-
ment computes the total mass accumulation on the collection filter, as well as
30-minute, 1-hour, 8-hour and 24-hour averages of the mass concentration.  The use
of a hydrophobic filter material, along with sample collection at above-ambient
temperature (50 °C), eliminates the necessity for humidity equilibration.  Both analog
and RS-232 outputs are available to transmit the measurements to a user’s data system.
The instrument's internal storage buffer can store a large amount of data for later
viewing on the instrument display or downloading over the RS-232 output.

When the instrument samples, the ambient sample stream first
passes through the PM-10 inlet.  At its design flow rate of 16.7
l/min, this inlet passes through particles smaller than 10 µm
diameter.  At the exit of the PM-10 inlet the 16.7 l/min flow is
isokinetically split into a 3 l/min sample stream that is sent to the
instrument’s mass transducer and a 13.7 l/min exhaust stream.

Inside the mass transducer this sample air stream passes through
a filter made of Teflon® -coated borosilicate glass.  This filter is
weighed every two seconds.  The difference between the filter’s
current weight and the filter’s initial weight (as automatically
measured by the instrument after the installation of the filter)
gives the total mass of the collected particulate.  These instan-
taneous readings of total mass are then smoothed exponentially
(using a selectable time constant) to reduce noise.

Next, the mass rate is calculated by taking the increase in the

Figure 1-1.  Major System
Components.  Control Unit
on Left and Sensor Unit on
Right.

✔  A mass transducer in
the sensor unit measures
the particulate mass
collected on the sample
filter in real time.
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smoothed total mass between the current reading and the immediately preceding one
and expressing this as a mass rate in g/sec.  This mass rate is also smoothed
exponentially to reduce noise.  Finally, the mass concentration in µg/m3 is computed
by dividing the mass rate by the flow rate (corrected to EPA standard temperature and
pressure and expressed in m3/sec), and then multiplying the result by 106 to convert
from g/m3 to µg/m3.

Internal temperatures in the instrument are controlled in order to minimize the effects
of changing ambient conditions.  The sample stream is preheated to 50 °C before
entering the mass transducer so that the sample filter always collects under conditions
of very low (and therefore relatively constant) humidity.  All measurement and
temperature functions of the instrument are controlled by a dedicated industrial
quality microcontroller.  This computer has both digital and analog capability for
multi-purpose interfacing with external data collection systems.  The instrument’s
rack-mountable control unit has a scrollable four-line display that shows the current
values of computed data.

1.4.1. THE FLOW SYSTEM

Figure 1-2 is a schematic diagram showing the flow of the sample stream through the
Series 1400a monitor.  The particle size separation at 10 µm diameter takes place as
the sample proceeds through the PM-10 inlet.  The flow splitter separates the total flow
(16.7 l/min) into two parts:  a main flow of 3 l/min that enters the sensor unit through
the sample tube, and the auxiliary (bypass) flow of 13.7 l/min.  The main flow passes
through the exchangeable filter in the mass transducer, and then proceeds through an
air tube and in-line filter to a mass flow controller.  The bypass flow is filtered in the
large bypass in-line filter before it enters a second mass flow controller.  A single pump
provides the vacuum necessary to draw the sample stream through the system.

1.4.2. MASS TRANSDUCER OPERATION

The weighing principle used in the TEOM mass transducer is fundamentally different
from that on which most other weighing devices are based.

The tapered element at the heart of the mass detection system (Figure 1-3) is a hollow
tube, clamped on one end and free to vibrate at the other.  An exchangeable filter
cartridge is placed over the tip of the free end.  The sample stream is drawn through
this filter, and then down the tapered element.  This flow is maintained at a constant
volume by a mass flow controller that is corrected for local temperature and
barometric pressure.

The tapered element vibrates precisely at its natural frequency, much like the tine of

✔  The patented tapered
element enables the high-
resolution measurement of
particle mass collected on
the sample filter.
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Figure 1-2.  Schematic
Diagram of Flow System.
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a tuning fork.  An electronic control circuit senses this vibration and, through positive
feedback, adds sufficient energy to the system to overcome losses.  An automatic gain
control circuit maintains the vibration at a constant amplitude.  A precision electronic
counter measures the frequency with a two-second sampling period.

The tapered element is in essence a hollow cantilever beam with an associated spring
rate and mass.  As in any spring-mass system, if additional mass is added the frequency
of the vibration decreases.  This can be seen by observing the frequency on the four-
line display of the TEOM Control Unit (or by using the View Routine described in
Section 11), and operating the Series 1400a monitor both with and without a filter in
place.

In a spring-mass system the frequency follows the equation:

Figure 1-3.  Schematic
Diagram of Mass Trans-
ducer.
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f  =  (K / M)0.5 (1)

where:
f = frequency (radians/sec)
K = spring rate
M = mass

and K and M are in consistent units. The relationship between mass and change in
frequency can be expressed as

                                      1              1
dm  =  K

o
  { ––––––  -  –––––– } (2)

                                     f
1
2            f

o
2

where:
dm= change in mass
K

o
= spring constant (including mass conversions)

f
o

= initial frequency (Hz)
f

1
= final frequency (Hz)

When this equation is re-arranged, one can solve for the spring constant, K
o
:

                                    dm
K

o
  =  –––––––––––––––––– (3)

                    1           1
                        { –––––– - –––––– }
                                f

1
2          f

o
2

Thus, K
o
 (the calibration constant for the instrument) can be easily determined by

measuring the frequencies with and without a known mass (pre-weighed filter
cartridge).

In actual operation, the TEOM monitor always measures the entire mass of the system
using the equation:

M  =  K
o
 / f2 (4)

At the end of the instrument’s one-half hour flow and temperature equilibration
period, the monitor averages the frequency for a short period and uses this frequency

✔  The instrument com-
putes a baseline frequency
before computing mass
concentration results.
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to compute the baseline mass.  Until the next time the unit is reset or taken out of its
data collection mode, the frequency is sampled every two seconds and the system mass
is calculated.  The difference between this mass and the baseline mass is the mass of
particulate collected on the filter cartridge.

1.4.3. MASS COMPUTATION METHODOLOGY

The total mass accumulation on the filter, mass rate and mass concentration are
computed in the manner discussed in this Section.  All of the formulas shown in this
Section assume consistent units.  In the operating software, these unit conversions are
made as required.

Several important variables are used by the system software to compute these mass
data:

Gate Time = 2 The sampling period (seconds) for each individual
frequency measurement.

TM Ave = 300 The effective time (seconds) over which frequency
data points are smoothed to compute total mass.
Smoothing is done exponentially, and this value
represents the time required for 86% of a step
change in the raw total mass to be reflected in the
smoothed total mass output, i.e. 2 time constants.

Even if the TM Ave is changed by the user to an
averaging time that is different from 300 seconds,
the 30-minute, 1-hour, 8-hour and 24-hour mass
concentration averages are all computed based upon
a TM Ave of 300 seconds that is calculated internal-
ly by the instrument.

MR/MC Ave = 300 The effective time (seconds) over which the differ-
entials between successive total mass data points
are smoothed to compute mass rate and mass con-
centration.  The exponential smoothing function
used to compute smoothed mass rate/mass concen-
tration is identical to that for the total mass.

K
o
 = various The calibration constant of the system’s mass trans-

ducer, which is determined by R&P before the

✔  Each TEOM instrument
has a unique calibration
constant, Ko.
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shipment of each instrument.  This constant is
different for every TEOM system.

                    2 x Gate Time
TMAlpha = –––––––––––– A constant used in the total mass exponen-

tial smooth-
                        TM Ave ing routine.

                         2 x Gate Time
MRMCAlpha = ––––––––––– A constant used in the mass rate/mass con-

centration
                                 MR/MC Ave smoothing routine.

After the Series 1400a monitor is turned on or is reset by pressing the <F1> or <Run>
keys on the control unit, the system electronics determines whether the actual
temperatures are within 0.5 °C of their set points and actual main and auxiliary flow
rates are within 0.1 and 0.4 l/min of their set points, respectively.  The specifications
for the air temperature and mass transducer temperature are even tighter—within ±0.1
°C.  If the temperatures and flow rates are not within these bounds, the instrument
waits until all temperatures and flow rates have remained within these limits for one-
half hour before starting data collection.  The monitor is in Operating Mode 1 during
this stabilization period.

Once this stabilization period ends, the Series 1400a monitor enters Operating Mode
2, and computes the system mass of the mass transducer (Mass

o
).  This is equal to the

summation of the effective mass of the tapered element, the mass of the filter cartridge,
and the mass of any particulate collected on the filter cartridge.  This computation is
performed by averaging the tapered element frequency over ten 2-second periods
(Gate Time), and then employing the following formula derived in Equation (4)
above:

Mass
o
  =  K

o
 / f

o
2 (5)

where:
Mass

0
= the base-line mass of the mass transducer (tare

weight of filter and tapered element).
K

o
= the calibration constant of the mass transducer.

f
o

= the average tapered element frequency during the initial ten
2- second periods.

✔  Equilibration of tempera-
tures and flows takes place
before the monitor begins
data collection.
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After the instrument has sampled the tapered element frequency for these ten 2-second
periods, it begins computing a new system total mass value (Mass

i
) every 2 seconds

using Equation (4) above.  With these Mass
o
 and Mass

i
 values, the system then

computes a new particulate mass value (TM
i
) every 2 seconds.

TM
i
  =  Mass

i
 - Mass

o
(6)

To provide data smoothing, an exponential smoothing routine is applied to these TM
i

values to compute a new smoothed total mass value every 2 seconds.

SmoothTM
i
  =  TMAlpha x TM

i
  +  (1 - TMAlpha) x SmoothTM

i-1

(7)

At the same time that the instrument computes these SmoothTM
i
 values, it also

calculates the incremental change in sample mass between successive smoothed
readings according to the following formula:

Delta Mass
i
  =  SmoothTM

i
 - SmoothTM

i-1
(8)

These incremental mass changes are smoothed according to the following formula,
where MR stands for mass rate:

SmoothMR
i
 = MRMCAlpha x Delta Mass

i
 + (1 - MRMCAlpha) x SmoothMR

i-

1  
(9)

These smoothed mass rate readings are converted to mass concentration data using the
following formula:

                                      SmoothMR
i

SmoothMC
i
  =  ––––––––––– x 106 (10)

                                       Flow Rate
EPA

where:
Flow Rate

EPA
 = 3.0 l/min volumetric flow rate set point, converted to

EPA standard temperature and pressure.  This conver-
sion is explained in greater detail below.
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Once the SmoothTM
i
 values have been computed for 150 seconds (TM Ave / 2), the

instrument enters Operating Mode 3.  At this point, the smoothed total mass data
(SmoothTM

i
) are shown on the monitor’s four-line display and are transmitted to the

monitor’s analog and RS-232 connectors.  Previous to this time, the total mass
indicated by the instrument is equal to 0.

After the SmoothMC
i
 values have been calculated for 300 seconds (TM Ave / 2 + MR/

MC Ave / 2), the monitor enters Operating Mode 4.  At this point, the smoothed mass
concentration data (SmoothMC

i
) are shown on the monitor’s four-line display and are

transmitted to the monitor’s analog and RS-232 connectors.  Previous to this time, the
mass concentration indicated by the instrument is equal to 0.

The 30-minute, 1-hour, 8-hour and 24-hour mass concentration averages are com-
puted differently from the “instantaneous” mass concentrations above.  This
notwithstanding, the averaged results of the instantaneous readings are identical to
these longer-term averages except for a very slight time offset caused by the additional
exponential smoothing performed on the short-term data.  Since the longer-term
averages are all computed in the same manner, only one example is given below.

The 1-hour mass concentration average (01-Hr MC) is computed by recording the
smoothed total mass (SmoothTM

i
, internal TM Ave=300 sec) every hour on the hour,

and performing the following calculation:

                             SmoothTM
hour

 - SmoothTM
hour-1

01MC  =  ––––––––––––––––––––––––––––– x 106 (11)
                                            Total Flow

EPA

where:
SmoothTM

hour-1
= Smoothed total mass at the beginning of the

averag- ing period, internal TM Ave = 300 sec.
SmoothTM

hour
= Smoothed total mass at the end of the aver-

aging
period, internal TM Ave = 300 sec.

Total Flow
EPA

= Total volumetric flow in m3 for the averag-
ing period (based upon flow rate set point), converted
to EPA

standard temperature and pressure.

The instrument updates the longer-term mass concentration averages at the following
times:

30-minute average (30MC) every half hour on the half hour
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1-hour average (01MC) every hour on the hour
8-hour average (08MC) every hour on the hour
24-hour average (24MC) every hour on the hour

After instrument power-up or reset, these longer-term averages are equal to 0 until a
complete period’s data has been collected.

Sampling is performed by the Series 1400a monitor using a constant mass flow rate
that approximates the volumetric flow rate appropriate to the PM-10 sampling inlet.
Since this flow rate is controlled by mass flow controllers (MFC’s), the mass flow rate
must be adjusted for temperature and pressure to maintain the appropriate volumetric
flow rates within acceptable limits.

The MFC’s in the Series 1400a monitor are internally calibrated for a standard
temperature and pressure of 0 °C and 1 Atmosphere (1013.2 millibars or 760 mm Hg).
For the instrument to sample at the correct volumetric flow rate, the user must enter
the seasonal average temperature (Ave Temp) and average barometric pressure (Ave
Pres) at the measurement site, as set forth in Section 4.  Alternately, the user can set
up the instrument to automatically measure the ambient temperature and pressure
utilizing hardware supplied with the unit.  Using this entered information, the
microprocessor calculates the correct mass flow set point (Flow Rate

STP
) using the

following formula:

                                                                         273.15              Ave Pres
Flow Rate

STP
  =  Flow Rate

Vol
 x –––––––––––––––––– x –––––––––

(12)
                                                              Ave Temp + 273.15          1.0

where:
Flow Rate

STP
= Control set point to mass flow controller

(equivalent
flow at 0 °C and 1 Atmosphere).

Flow Rate
Vol

= Volumetric flow rate set point (l/min), as entered in Section
4 to be 3.00 l/min for the sample (main) flow and 13.67 l/min for the auxiliary flow.

Ave Temp = Seasonal average temperature entered by the user
(°C).

Ave Pres = Seasonal average barometric pressure entered by
the

user (Atmospheres, where 1 Atmosphere = 1013.2
millibars or 760 mm Hg).

✔  Mass concentration data
from the instrument are
expressed in standard cubic
meters.
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Mass concentration data reported to the U.S. EPA must be referenced to standard
cubic meters of air based on a standard temperature and pressure of 25 °C and 1
Atmosphere, respectively.  For the instrument to report mass concentrations accord-
ing to this EPA standard, the user must ensure that the standard temperature (Std
Temp) and standard pressure (Std Pres) entered in the instrument equal 25 °C and 1
Atmosphere, as set forth in Section 4.  These are the default values for the instrument.

The flow rates referenced internally by the instrument to 0 °C are converted to EPA
standard conditions using the following computation:

                                                              Std Temp + 273.15       1 Atm
Flow Rate

EPA
 = Flow Rate

STP
 x ––––––––––––––––– x –––––––– (13)

                                                                        273.15                1 Atm

This Flow Rate
EPA

 is used to determine the mass concentration reported by the
instrument, as shown in Equation (10).

The Total Flow
EPA

 referenced in Equation (11) for computing longer-term mass
concentration averages is obtained by summing the Flow Rate

EPA
 over the period of

the longer-term average.  For example, the 1-hour Total Flow
EPA

 is obtained by:

Total Flow
EPA

 (m3)  =
Flow Rate

EPA
 (l/min)  x  period (minutes)  x  1 / 1000 (l/m3)    (14)
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This Section discusses the points to be considered when installing the Series 1400a
monitor, as well as the steps required for setting up the system.

2.1. INSTALLATION  CONSIDERATIONS

The Series 1400a Ambient Particulate Monitor consists of two basic components: the
sensor unit (containing the sample inlet and mass transducer) and the control unit
(containing the operator terminal and control electronics).  These are connected by a
10-meter (optionally 2 or 20 m) cable/tube assembly.

The control unit is suitable for standard 19" rack mounting and may be located in any
convenient indoor location which is maintained between 10 and 30 °C (50 to 86 °F).

The manufacturer strongly recommends that the sensor unit of the TEOM Series
1400a PM-10 Monitor also be installed indoors or in a weather-protected location.   In
this case, a sampling tube is fed through the roof of the monitoring site as shown in
Figure 2-1.  Although the TEOM monitor is inherently rugged, it is nevertheless a
precision instrument representing a significant financial investment.  Best operation
and longevity will be obtained if the unit is not exposed to extremes of weather.  Filter
changing, in particular, may be best accomplished by a technician operating in a
comfortable environment where there is no possibility of rain or snow landing on the
filter.

The sample line should proceed in a straight line from the PM-10 inlet to the inlet of
the sensor unit through a 4 cm (1 1/2") diameter hole in the roof of the monitoring site.
A protective shelter must be used for monitors not installed indoors.  Consult
Rupprecht & Patashnick Co., Inc. (R&P) for specific site recommendations.

To achieve the best results, locate the TEOM Sensor Unit in an environment with
relatively slow temperature fluctuations.  Avoid sampling locations with direct
exposure to sunlight or that are in proximity to a heating/air conditioning outlet.
Insulating sample tube extensions with pipe insulation is strongly recommended by
R&P in areas with high humidty to avoid condensation in the sample tubing.

Section 2:  System Installation

✔  The instrument must be
located in a weather-
protected environment.

✔  The sample tubing must
be vertical.
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Figure 2-1.  Schematic
Diagram of Typical PM-10
Installation.

2.2. STANDARD SYSTEM HARDWARE

In its most basic U.S. EPA-approved PM-10 configuration, the Series 1400a monitor
is supplied with the following components:

1 - TEOM Control Unit (with auxiliary flow controller) 57-003269-0120
1 - TEOM Sensor Unit 57-002816
2 - Rack Mounting Brackets for Control Unit 38-003304
1 - Temperature Sensor and Cable, 10 m 51-003355
2 - Series 1400a Operating Manuals 42-003347
1 - Series 1400a Quick Start Guide 42-003579
1 - Series 1400a Service Manual42-003348

✔  Part numbers on the
instrument's packing list
may differ somewhat from
those shown in this listing.
The part numbers shown
here are those used for re-
ordering.
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1 - TEOMPLUS Software Packet (2 Disks) 59-003524-0004
1 - Electric and Air Connecting Cable 51-003449-0010
1 - 3/8"-to-1/4" Reducer Fitting 32-003271
1 - 3/8" Tubing for Main Flow, 0.9 m (3 ft) 24-000483
1 - 3/8" Tubing to Pump, 5 m (16.5 ft) 24-000483-0005
1 - 9-to-9 Pin Computer Cable 07-000587
1 - 9-to-25 Pin Computer Adapter 51-001079
1 - 9-to-25 Pin Modem Cable 51-002814
1 - Box of 20 TEOM Filter Cartridges (Pallflex TX40) 57-000397-0020
4 - Large Bypass In-Line Filters 57-002758
2 - Flow Controller Filters, 25 mm (installed in unit) 30-003097
1 - Filter Exchange Tool 55-002013-0001
1 - Pre-Filter Assembly for Baseline Testing 55-000770
1 - Flow Splitter 59-002327
1 - R&P PM-10 Inlet 57-000596
1 - Flow Audit Adaptor Kit 57-001243
2 - Sample Tube Extensions, 1 m (40") 55-000606-0001
1 - Vacuum Pump 10-001403
2 - 15-Pin Subminiature D-Connectors06-000590-0015 & 06-000592-

0015

2.3. INSTALLING  THE CONTROL AND SENSOR UNITS

The TEOM Control Unit can be located at any convenient location such as a laboratory
bench or rack mount cabinet that is within 20 meters of the sensor unit (the default
cable length is 10 m).  Consult R&P when the distance between these units is longer
than 20 meters.  The TEOM Sensor Unit should be located directly below the inlet
point of the sample stream on a sturdy surface, as discussed above in Section 2.1.

Follow the steps below to assemble the instrument:

1) If desired, add the supplied 19" rack mounts to the control unit.

2) Make sure that the voltage setting at location “1” in Figure 2-2 is
appropriate for your installation.  If not, execute the following
steps:

a)  Turn off power.  Place the blade of a small flat screwdriver in the slot on top
of the power line filter and open it.  Remove the insert and take out the two fuses.
Install the proper fuses into the insert.  Put the insert into the power line filter so
that the desired voltage is readable and close the filter.

115 VAC - 2 A

230 VAC - 1 A
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Figure 2-2.  Back Panel of
TEOM Control Unit.
1: Fuse/Power Cord Socket;
2: 25-Pin Electrical Connec-
tion to Sensor Unit; 3:
Sensor Flow Connection; 4:
Bypass Flow Connection;
5: Barbed Hose Fitting; 6:
ACCU Connector; 7: Pump
Hose Connection.

b)  Remove the top cover from the Series 1400a control unit.  Locate the voltage
switch and set it to the desired voltage.

3) Insert the power cord into the socket marked by “1” (Figure 2-2).

4) Locate the small piece of flow line (3/8" diameter tubing, green)
supplied with the instrument (24-000483).  Push one end of the
tube into the fitting at the rear of the control unit labeled “Sensor
Flow.”  The tubing may be cut to desired length with a clean,
perpendicular cut.  Locate one of the large bypass in-line filters
(57-002758).  Push the filter onto the open end of the tubing so
that the flow arrow on the filter points away from the control unit.
Locate the 3/8"-to-1/4" reducer fitting (32-003271), and push it
into the open end of the filter.  Install the black 1/4" diameter
sensor flow tubing of the Electric and Air Connecting Cable into
the reducer fitting (Figures 2-3 and 2-4).

5) Push the green 3/8" diameter bypass flow line of the Electric and

Figure 2-3.  Main Flow Line
Components with Parts
Disassembled.
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Figure 2-4.  Main Flow Line
Components with Parts
Assembled.

Figure 2-5.  Flow Connec-
tions for Main (Top) and
Auxiliary (Bottom) Flow
Lines.

Air Connecting Cable (51-003449-0010) into the fitting on the back
of the control unit labeled “Bypass Flow.”  Locate a second large
bypass in-line filter.  Cut the 3/8" diameter tubing in a convenient
place and install the filter so that the flow arrow on the filter
points away from the control unit (Figure 2-5).  Ensure that the
cut in the tubing is clean and perpendicular.

6)6)6)6)6) Attach an oil-free vacuum pump to the connection labeledAttach an oil-free vacuum pump to the connection labeledAttach an oil-free vacuum pump to the connection labeledAttach an oil-free vacuum pump to the connection labeledAttach an oil-free vacuum pump to the connection labeled
“Pump” on the back of the control unit using the provided 5 m“Pump” on the back of the control unit using the provided 5 m“Pump” on the back of the control unit using the provided 5 m“Pump” on the back of the control unit using the provided 5 m“Pump” on the back of the control unit using the provided 5 m
length oflength oflength oflength oflength of
3/8" OD nylon tubing (24-000483-0005) (Figure 2-6).  The pump3/8" OD nylon tubing (24-000483-0005) (Figure 2-6).  The pump3/8" OD nylon tubing (24-000483-0005) (Figure 2-6).  The pump3/8" OD nylon tubing (24-000483-0005) (Figure 2-6).  The pump3/8" OD nylon tubing (24-000483-0005) (Figure 2-6).  The pump
must be capable of maintaining 20" Hg vacuum at a flow of 16.7 l/must be capable of maintaining 20" Hg vacuum at a flow of 16.7 l/must be capable of maintaining 20" Hg vacuum at a flow of 16.7 l/must be capable of maintaining 20" Hg vacuum at a flow of 16.7 l/must be capable of maintaining 20" Hg vacuum at a flow of 16.7 l/
min.min.min.min.min.

NOTE:  Do not shorten the provided hose that connects the control unit to the
vacuum pump.  In addition, ensure that a sufficiently strong vacuum pump is used
with the Series 1400a monitor.

7) Install the electrical connector of the Electric and Air Connecting
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Figure 2-6.  Tubing to Pump
Installed on Back of Control
Unit (Rightmost Connec-
tion).

Figure 2-7.  Back of Control
Unit with Cable to Sensor
Unit Attached (Upper Right).

Cable (51-003449-0010) at the location on the back of the control
unit labeled “Sensor Unit” (Figure 2-7).

8) Install the sensor unit on a sturdy surface below the location of
the 4 cm (1 1/2") diameter port through the roof.  Consult Section
2.1 for details.

9) Route the Electric and Air Connecting Cable to the sensor unit so
that the cable is protected and the sample and bypass flow lines
are not kinked.

10) The TEOM Sensor Unit is usually delivered with its electric and air
connections on its left side.  These can be positioned on the
enclosure's back side by switching the position of the angle
bracket containing these connections (Figure 2-8).

11) Make the electrical connection at the sensor end of the Electric
and Air Connecting Cable at the 25-pin connector on the left or
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Figure 2-8.  Detail of
Electric and Air Connections
on Side of the Sensor Unit.
The Position May Be
Switched to the Back.

Figure 2-9.  Left Side of
Sensor Unit with Electrical
and Air Connections.

back panel of the TEOM Sensor Unit (Figure 2-9).

12) Connect the end of the small air tube (1/4" OD) of the Electric and
Air Connecting Cable to the air outlet on the left or back wall of
the sensor unit (Figure 2-9).

13) Remove the end cap from the top of the air inlet of the sensor
unit.

14) Make sure that the electrical connection (location “1” in Figure 2-
10) and air connection (location “2” in Figure 2-10) are in their
attached positions.
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Figure 2-10.  Inside View of
TEOM Sensor Unit.
1: Electrical Connection; 2:
Air Connection.

NOTE:  The Series 1400a monitor uses push-to-connect
fittings for all air lines.  To engage these connections, the air
tube must be pushed competely into the fitting so that the
tube is fully inserted and cannot be pulled out.  While pushing
in the tube, there is an intermediate stop at an O-ring–you
must push beyond this point.  To disengage the connection,
push the small collar toward the fitting and pull on the tube.

2.4. INSTALLING  THE SAMPLING SYSTEM

An isokinetic Flow Splitter is used in combination with a second automatic flow
controller to divide the sample flow into two components after the air stream passes
through the size-selective inlet (for example, PM-10):  1) a main flow of 3 l/min for
the TEOM mass transducer; and 2) an auxiliary flow of 13.67 l/min that is maintained
by the second flow controller.  The Flow Splitter should be located directly below the
sample inlet (Figure 2-1).  Units equiped with a 1 or 2 l/min Flow Splitter Adapter (57-
001297 and 36-001664, respectively) operate at main flow rates of 1 and 2 l/min and
auxiliary flow rates of 15.67 and 14.67 l/min, respectively.

NOTE:  If a 2 l/min Flow Splitter Adapter is installed in the
Series 1400a system, replace all references in this manual to
a 3 l/min main flow with 2 l/min, and all references to a 13.67
l/min auxiliary flow with 14.67 l/min.  Likewise, for moni-

✔  An isokinetic Flow
Splitter separates the main
flow from the auxiliary
(bypass) flow.

✔  Optional Flow Splitter
Adapters allow system
operation at a 1 or 2 l/min
main flow rate in areas with
elevated particulate
concentration.
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tors equipped with the 1 l/min Flow Splitter Adapter, replace
all references in this manual to a 3 l/min main flow with 1
l/min, and all references to a 13.67 l/min flow with 15.67
l/min.

Install the sampling hardware in the following manner:

1) If a continuous measurement of the outdoor ambient temperature
is desired, thread the connector and cabling of the 20 m Tem-
perature Sensor Cable (51-003355) from the roof of the sampling
location to the TEOM Control Unit.  The sensor will later be at-
tached to the instrument's flow splitter.  Install the connector at
te other end of the cable at the location labeled “Ambient Temp”
on the back side of the control unit (location “7,” Figure 2-2).

2) If a 1 or 2 l/min Flow Splitter Adapter is to be installed in the
system, mount it securely on the end of the inner tube inside the
Flow Splitter.

3) Adjust the inner tube of the Flow Splitter (with the optional Flow
Splitter Adapter) so that the end of the inner tube (with adapter)
is 15 cm (6") from the open end of the outer tube.  This distance
is labeled “A” in Figure 2-11.  The adjustment is made by loosen-
ing the 1/2" nut holding the sample tube (labeled “C” in Figure
2-11), and sliding the tube into the proper position.  Avoid crimp-
ing the sample tube by over-tightening the nut during
re-assembly.

4) If an optional support tripod (57-000604) has been purchased from
R&P, the Flow Splitter should be mounted in the center hole of
the tripod and the legs of the tripod adjusted to locate the open
end of the Flow Splitter at the correct height above the roof (1.5
to 1.8 m).  With the tripod centered over the roof opening, the
plates on the tripod feet should be fastened to the roof.  The
tripod feet may also be attached to a pallet or 3/4" marine ply-
wood, with the pallet or plywood secured by concrete blocks or
sand bags.

5)5)5)5)5) Connect the exit of the Flow Splitter with the inlet of the sensorConnect the exit of the Flow Splitter with the inlet of the sensorConnect the exit of the Flow Splitter with the inlet of the sensorConnect the exit of the Flow Splitter with the inlet of the sensorConnect the exit of the Flow Splitter with the inlet of the sensor
unit by installing additional lengths of sample tube (55-000606-unit by installing additional lengths of sample tube (55-000606-unit by installing additional lengths of sample tube (55-000606-unit by installing additional lengths of sample tube (55-000606-unit by installing additional lengths of sample tube (55-000606-
0001), as needed, through the roof opening as shown in Figure0001), as needed, through the roof opening as shown in Figure0001), as needed, through the roof opening as shown in Figure0001), as needed, through the roof opening as shown in Figure0001), as needed, through the roof opening as shown in Figure
2-1.  Two 1 m lengths of sample tube are provided in U.S. PM-102-1.  Two 1 m lengths of sample tube are provided in U.S. PM-102-1.  Two 1 m lengths of sample tube are provided in U.S. PM-102-1.  Two 1 m lengths of sample tube are provided in U.S. PM-102-1.  Two 1 m lengths of sample tube are provided in U.S. PM-10
configurations, and additional lengths can be purchased fromconfigurations, and additional lengths can be purchased fromconfigurations, and additional lengths can be purchased fromconfigurations, and additional lengths can be purchased fromconfigurations, and additional lengths can be purchased from
Rupprecht & Patashnick if needed.  The connecting sample tubeRupprecht & Patashnick if needed.  The connecting sample tubeRupprecht & Patashnick if needed.  The connecting sample tubeRupprecht & Patashnick if needed.  The connecting sample tubeRupprecht & Patashnick if needed.  The connecting sample tube
may be cut to length as necessary.may be cut to length as necessary.may be cut to length as necessary.may be cut to length as necessary.may be cut to length as necessary.
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Figure 2-11.  Flow Splitter
and Associated Parts.
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Figure 2-12.  Installation of
Tube Coupling Between
Sensor Unit and Sample
Tube Extension.

After cutting sample tubes, ensure that the ends are beveled and are free of any
sharp edges or burrs.

6) The connection between the sensor unit and the lowest segment
of sample tube must be made using the 2 inch (5 cm) length of
conductive rubber tubing provided with the instrument, as de-
picted in Figure 2-12.  It is imperative that the weight of the
sampling system not  rest on the sensor unit, and that the dimen-
sions shown in Figure 2-12 be maintained.

7) The Flow Splitter may be moved vertically in the optional tripod
mount to make final height adjustments.

8) Install the bypass flow tubing (3/8" diameter) of the Electric and
Air Connecting Cable from the control unit to the exit of the Flow
Splitter through the same hole in the roof as the sample tube
(Figure 2-1).

9) If the ambient temperature sensor is to be used, connect it to the
Flow Splitter or mount it at another representative outdoor loca-
tion.  To avoid damaging the Flow Splitter, do not over-tighten
the ambient temperature sensor.

10)  Install the sample inlet over the open end of the Flow Splitter.
Verify that the entrance to the sampling head is 1.8 to 2.1 m
above the roof.

11)  Weather seal the opening in the roof.

✔  An ambient temperature
sensor measures the
current air temperature for
flow regulation.

✔  The Complete Outdoor
Enclosure contains rack
space for a data logger or
modem.



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 2:  SYSTEM INSTALLATION PAGE 2-12

Revision B.001

Figure 2-13.  Optional
Complete Outdoor Enclo-
sure with Instrument
Installed.

2.5. HOUSING THE INSTRUMENT OUTDOORS

The instrument can be located outside of an air monitoring station if sufficient
protection is provided from adverse weather conditions and enough ventilation is
supplied to ensure cooling in the summer.  An optional heated and air conditioned
Complete Outdoor Enclosure (99-002332-0120 for 120 VAC and 99-002332-0240
for 240 VAC) for housing the sensor unit, control unit and pump is also available for
such installations (Figure 2-13).  This unit has room in its 19" instrument rack for a
data logger, modem, or other appropriately-sized equipment.  Instructions for setting
up the Complete Outdoor Enclosure are provided in Section 10.

The foundation for the outdoor enclosure should be sturdy.  If it is to be mounted on
a roof, the support structure of the housing must be attached directly to the roof rather
than auxiliary walkways or platforms.
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Section 3:  Sample Filter Installation and Exchange

This Section discusses the length of the sample filter lifetime and the means by which
sample filters are installed and exchanged.  The Series 1400a monitor must always be
operated with a filter cartridge installed in the mass transducer. Install a filter cartridge
as described in this Section before applying power to the instrument.

Testing performed for official U.S. EPA PM-10 measurements must be conducted
with TEOM filter cartridges made of teflon® -coated glass fiber filter paper.  Filters
should be stored inside the sensor unit for easy access and to keep them dry and warm.
Use R&P part numbers 57-000397-0010 and 57-000397-0020 to order boxes of 10 and
20 TEOM filter cartridges, respectively.

3.1. FILTER LIFETIME

Filter lifetime depends upon the nature and concentration of the particulate sampled,
as well as the main flow rate setting (3, 2 or 1 l/min).  The lifetime is determined by
the filter loading, as shown on the status line of the Main Screen.  TEOM filter
cartridges must be exchanged when the filter loading value approaches 100%.  This
generally corresponds to a total mass accumulation of approximately 3 to 5 mg at a
flow rate of 3 l/min, and is higher for lower main flow rates.  Filter lifetime at a main
flow rate of 3 l/min is generally 21 days at an average PM-10 concentration of 50 µg/
m3.  Flow Splitter Adapters for 1 and 2 l/min operation (57-001297 and 36-001664,
respectively) are available for use in areas with elevated particulate concentration or
where a long filter lifetime is required.

3.2. FILTER EXCHANGE

Please note the following instructions when performing a filter exchange:

Do not handle new TEOM filter cartridges with fingers.  Use
the filter exchange tool provided with the instrument to
exchange filters.

Keep the sample pump running to facilitate filter exchange.

Exchange filter cartridges in the following manner:

1) Open the door of the sensor unit.  Press the <Data Stop> key on
the control unit.

2) Locate the silver handle mounted on the front surface of the mass
transducer.  Note that there is a shipping latch in the middle of

✔  Store sample filters
inside the sensor unit to
protect and pre-condition
them.

✔  Treat sample filters with
care.
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Figure 3-1.  Filter Installa-
tion with Mass Transducer
in Open Position.

this handle.  To open the mass transducer, move the shipping
latch upwards and lift up on the bottom of the handle.  Once
unlatched, swing the mass transducer downward using the black
knob.  The TEOM mass transducer then swings into its filter
changing position.  When the mass transducer is in this open
position, the tapered element automatically stops vibrating to
facilitate filter exchange.

NOTE:  R&P recommends that TEOM filters be pre-conditioned to avoid
excessive moisture build-up prior to their use in the system.  This can be
accomplished by the following steps:

a)  Always store the TEOM filter box within the sensor unit enclosure.

b)  Two filter pockets have been added to the heated mass transducer to allow
further conditioning.  TEOM filters should be placed in these filter pockets
before use.  When a new filter is installed in the mass transducer, one of the
conditioned filters should be chosen and a new filter should be placed in the
newly-emptied filter pocket.

3) Refer to Figure 3-2.  To remove  a filter, carefully insert the lower
fork of the filter exchange tool under the filter cartridge so that
the filter disk is between the fork and the upper plate of the filter
exchange tool.  The tines of the fork should straddle the hub of
the filter base.  Gently lift the filter from the tapered element with
a straight pull.  Never  twist the filter or apply sideways force to
the tapered element.

✔  Use the two pockets on
the right side of the mass
transducer (inside) to store
the next two TEOM filters to
be used.
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4) Place a new filter in the filter exchange tool so that the filter disk
lies between the fork and upper disk of the tool (with the hub of
the filter between the tines of the lower fork).  Do not  touch the
filter with your fingers--use only the filter tool.

5) Hold the filter exchange tool in line with the tapered element and
lightly insert the hub of the filter onto the tip of the tapered ele-
ment.  Ensure that the filter is seated properly.  Then apply
downward pressure  to set it firmly in place (approx. 0.5 kg or 1
lb).

6) Remove the filter exchange tool by retracting it sideways until it
clears the filter.  Do not disturb the filter.

7) Gently  raise the mass transducer to the closed position using the
black knob.  Position the silver handle so that it engages the
latch plate and push the handle down until the shipping latch is
secure.

8) Close and latch the door to the TEOM Sensor Unit.  Keep the door
open for as short a time as possible to minimize the temperature
upset to the system.

Figure 3-2.  Filter Removal
and Insertion.
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9) If the instrument is turned on, reset it by pressing <F1> or <Run>
on the keypad of the TEOM Control Unit.

10)  IMPORTANT:  After five minutes have elapsed, open the sensor
unit and mass transducer again.  Press straight down on the filter
cartridge with the bottom of the filter exchange tool.  This en-
sures that the filter cartridge is properly seated after it has
experienced an increase in temperature.  Then close the mass
transducer and enclosure.

11)  If the instrument is turned on, reset it again by pressing <F1> or
<Run> on the keypad of the TEOM Control Unit.

NOTE:  Use the following quick check to ensure that a filter
is properly installed soon after installation:  Five minutes
after installing a new filter in the mass transducer, the change
in the tapered element's oscillating frequency as shown on
the Main Screen should be in range of 05-10 in the last two
digits to the right of the decimal point.
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Section 4:  System Operation and Data Storage

This Section describes the operation of the TEOM Series 1400a PM-10 Monitor,
including such topics as viewing system data on the four-line display, changing
instrument operating parameters, when to exchange filter cartridges, and how to store
data in the unit's internal data logger.  The monitor gives the user full control over its
operations directly from its keypad.  The instrument can also store and easily retrieve
large amounts of historical data.

Do not attempt the procedures described in this Section until you have completed the
steps set forth in Sections 2 and 3 of this manual.

If the Series 1400a monitor was received directly from R&P, the only change that
needs to be made before the instrument can be used for U.S. EPA equivalent PM-10
measurements is the input of the proper seasonal average temperature and average
pressure, or the selection for automatic measurements to be made.  The instructions
for doing so may be found in Section 4.6.1.  If the instrument has been used before and
the user desires to return it to its original settings, the user should first re-initialize the
unit according to Section 4.4.1 before entering the seasonal average temperature and
average pressure, or selecting automatic measurements, as described in Section 4.6.1.
Once these actions are taken, no additional keystrokes are necessary for the instrument
to commence its operation.

Please note that Appendices A and B contain helpful information about the program
variables and instrument screens, respectively.  Each variable and parameter used by
the program is represented by a 3-digit code called a Program Register Code (PRC).
The monitor's entire menu structure is summarized at the beginning of Appendix B.

Figure 4-1.  Front Panel of
TEOM Control Unit.  1:
Power Button; 2: Status
Light; 3: Four-Line Display;
4: Keypad.

✔  The monitor contains
built-in hardware to mea-
sure the ambient
temperature and pressure.
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4.1. TURNING THE INSTRUMENT ON AND OFF

Execute the following steps to turn on the instrument:

1) Supply power to the instrument at the appropriate voltage.

2) Press the “Power” button on the front panel of the TEOM Control
Unit (labelled “1” in Figure 4-1).  A screen appears on the instru-
ment's four-line display showing the name of the instrument
(labelled “3” in Figure 4-1).  Soon thereafter, the Main Screen
appears (Figure 4-2).

3) Turn on the pump to draw the sample stream through the system.

After turning on the instrument, the "Check Status" light (location “2” in Figure 4-1)
turns on because the flow rates and temperatures are outside of tolerance when the
monitor is powered up.  The status light automatically turns off after all flow rates and
temperatures return to within tolerance.

The flow controllers in the control unit make a slight “clicking” sound when the
instrument is turned on.

The instrument automatically resets itself when it is turned on.  As part of this
initialization procedure, the monitor waits until the flow rates and temperatures
remain stable (within a narrow band) for one-half hour before starting data collection.
This ensures the validity of all data points computed by the system.

Press <-> and <¯ > to move the cursor (“>”) up and down through the four-line display.
The informational lines of the display scroll up as the <¯ > key is pressed repeatedly.

Follow the procedure below to turn off the instrument:

1)  Press the “Power” button on the front panel of the TEOM Control
Unit (labelled “1” in Figure 4-1).  The four-line display becomes
blank.

2)  Turn off the vacuum pump.

3)  Disconnect the TEOM Control Unit from the electric supply.

✔  The flow controllers
make a quiet clicking
sound.

✔  The instrument waits at
least one-half hour after
being powered up before it
computes its first mass
data.



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 4:  SYSTEM OPERATION AND DATA STORAGE PAGE 4-3

Revision B.001

✔  An “OK” status code
indicates that no status
conditions currently exist.

4.2. INFORMATION SHOWN ON THE MAIN SCREEN

As is the case with all screens shown by the Series 1400a monitor, the Main Screen
is divided into two sections:  1) the status line on the top of the screen; and 2) the three
informational lines.  If the screen contains more informational lines than can be
viewed at one time, pressing <¯ > repeatedly makes the informational lines scroll
upward.  The status line always remains visible.  Figure 4-2 shows the make-up of the
Main Screen.  It contains the most important data generated by the instrument, and is
the screen that is normally displayed by the monitor during the operation of the unit.

Its status line provides an overview of such important parameters as filter loading, the
instrument status condition, various types of operational settings, and the keypad
protection status.  The informational lines display mass concentration results in µg/
m3 for a number of averaging times, the total mass accumulation on the filter in µg,
the current system temperatures and flow rates, as well as diagnostic indicators.

4.2.1. STATUS LINE ON THE MAIN SCREEN

The status line of the Main Screen provides a quick summary of the current operational
condition of the instrument.  The information contained in the fields of this line is
summarized in Figure 4-3.

4.2.1.1. STATUS CONDITION

The status condition is a one to four character code that summarizes the operational
status of the instrument, indicating whether any exception condition exists.  Whenever
a status code other than “OK” is shown on the display, the instrument automatically
turns on the light labelled “Check Status” on the front panel of the control unit.  The
status condition shown by the Series 1400a monitor can consist of one or more of the
following codes:

OK Normal operation.  No current exception condi-
tions.

M Control Units is not receiving a frequency signal.
T Temperature(s) outside of operational bounds.  The

bounds are ±0.1 °C for the air, cap and case tempera-
tures.

F Flow(s) outside of operational bounds.  The bounds
are ±0.1 l/min.

X Filter nearing capacity--exchange filter.  This status
becomes active when the filter loading reaches
90%.
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MAIN SCREEN
(Screen 18)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

OK   4  38% NU 09:39 ➡ N/A N/A N/A N/A Status Line.

Mass Conc>      76.4 ➡ µg/m^3 not editable N/A N/A Short-term average.

30-Min MC       72.3 ➡ µg/m^3 not editable N/A N/A Updated every 30 min.

01-Hr MC        78.4 ➡ µg/m^3 not editable N/A N/A Updated every 1 hour.

XX-Hr MC        85.8 ➡ µg/m^3 not editable N/A N/A Variable ave, def 8 hr.

24-Hr MC        69.3 ➡ µg/m^3 not editable N/A N/A Updated every 1 hour.

Tot Mass      974.38 ➡ µg not editable N/A N/A Mass since last reset.

Case Temp      50.00 ➡ °C not editable 50 50 Current temperature.

Air Temp       50.01 ➡ °C not editable 50 50 Current temperature.

Cap Temp       49.98 ➡ °C not editable 50 50 Current temperature.

Main Flow       3.00 ➡ l/min not editable 3 3 Current flow rate.

Aux Flow       13.66 ➡ l/min not editable 13.67 13.67 Current flow rate.

--------- ➡ N/A N/A N/A N/A

Noise          0.034 ➡ µg not editable N/A N/A Diagnostic measure.

Frequency  187.05738 ➡ hz not editable N/A N/A Mass transducer freq.

To enter this screen, press:
     <Main/Status> or 18 <Enter>

    Next screen (using <Step Screen>):
         Menu Screen (Screen 20)

Figure 4-2.  Main Screen.
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DESCRIPTION OF STATUS LINE ON MAIN SCREEN
(Screen 18)

OK   4+ 38% NU 09:39

OK  No current status conditions                     Status Condition
M   Mass Transducer
T   Temperatures
F   Flows
X   Exchange Filter

     1  Mode 1:  Temp/Flow Stabilization               Operating Mode
     2  Mode 2:  Begin TM Computations
     3  Mode 3:  TM Computed, Begin MR/MC Computations
     4  Mode 4:  Normal Operating Mode
     S  Mode S:  Setup Mode
     X  Mode X:  Stop All Mode

         (blank) Analog Output 1 Normal Definition         A/O 1 Mode
      +  Analog Output 1 Used for Status Watch

       xxx%  Filter Loading (percent)                  Filter Loading

            N  None (computer operation)                  RS-232 Mode
            P  Print On Line
            R  R&P Protocol
            A  AK Protocol
            G  German Network Protocol
            S  Storage to Printer
            F  Fast Storage Output

             U  Unlocked                                   Protection
             L  Low Lock
             H  High Lock

               xx:xx  Current Time (24-hour format)              Time

Figure 4-3.  Status Line of
the Main Screen.
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STATUS CODE SCREEN
(Screen 01)

Screen on Instrument
Description of Screen (if no status condition exists)

Units Edit in Modes Default Init Comments

CURRENT STATUS CODES ➡ N/A N/A N/A N/A If no status conditions.

>No Curr Conditions ➡ N/A not editable N/A N/A

➡

➡

Screen on Instrument
Description of Screen (if status condition exists)

Units Edit in Modes Default Init Comments

CURRENT STATUS CODES ➡ N/A N/A N/A N/A If condition(s) exists.

>M  Mass Transducer ➡ N/A not editable N/A N/A If transducer status.

 T  Temperatures ➡ N/A not editable N/A N/A If temperature status.

 F  Flow Rates ➡ N/A not editable N/A N/A If flow status.

 X  Exchange Filter ➡ N/A not editable N/A N/A If filter exchange status.

To enter this screen, press:
     <Main/Status> from Main Sceen or 01 <Enter>

    Next screen (using <Step Screen>):
         Menu Screen (Screen 20)

Figure 4-4.  Status Code
Screen.

NOTE:  An “M” status condition automatically automati-
cally triggers the “T” status code, as the air and case
temperature control is turned off when the mass transducer
outputs no frequency.

Press <Main/Status> when the instrument is in the Main Screen to view an explanation
of the current status conditions on the Status Code Screen (Figure 4-4).  The <Main/
Status> key toggles the instrument between the Main Screen and the Status Code
Screen.

✔  The monitor always
generates a “T” (tempera-
ture) status if the mass
transducer frequency is not
received by the system
electronics.
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4.2.1.2. OPERATING MODE

The operating mode indicates the instrument's current operating setting and the type
of data being computed by the monitor.  It is defined as follows:

1 Mass values are not currently being computed be-
cause temperatures and flow rates are stabilizing.
The temperatures and flow rates must remain within
a very narrow band for one-half hour before the
instrument enters mode 2.  The system automatical-
ly enters mode 1 when it is turned on.

2 Data collection has begun, but the first total mass
value has not yet been computed.

3 The first total mass value has been computed, but
mass concentration and mass rate are not yet avail-
able.

4 Normal operation.  All mass values are being com-
puted.

S Setup Mode.  Certain operating parameters such as
temperatures and flow rates can only be changed in
this mode because doing so during data collection
(modes 1 to 4) would adversely affect the data from
the instrument.  Press <Data Stop> to enter the Setup
Mode from any other operating mode.  To leave the
Setup Mode and start data collection press either
<F1> or <Run> (monitor returns to mode 1).  If the
instrument remains in the Setup Mode for 5 minutes
without any key being pressed on the keypad, the
monitor automatically returns to mode 1.

X Stop All Mode.  This mode indicates that the normal
operation of the instrument has been suspended, and
that the monitor is “sleeping.”  In this mode, data
collection ceases, the flow rates in the system drop
to 0, and the output to the temperature circuits is
turned off.  This emergency state is activated by
pressing <Stop All> on the instrument keypad.  To

✔  The instrument operating
mode is 4 during regular
operation.
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leave this mode, press either <F1> or <Run> to re-
start data collection (modes 1 to 4), or <Data Stop>
to enter the Setup Mode.

An overview of the monitor's operation modes is provided in Section 4.4.

4.2.1.3. ANALOG OUTPUT 1 MODE

The instrument normally transmits the values of three chosen variables in analog
format through its 3 user-defined analog outputs.  Analog output channel 1, however,
can be defined to act in one of two different ways:

1) If the “A/O 1” field of the Main Screen status line is blank, analog output
1 operates in its usual fashion, as specified in Section 5.1.

2) If a “+” appears in the A/O 1 field, analog output 1 is also used as a status
watch indicator.  When defined this way, analog output 1  transmits a full
scale signal (for example, 5 VDC if the channel is configured for 0-5 VDC
operation) if a status conditions exists in the temperatures, flow(s) or
oscillation of the mass transducer.  If no such status condition exists,
analog output channel 1 operates in its usual fashion, as specified in
Section 5.1.

Press <F5> to toggle the “+” in the A/O 1 field.
4.2.1.4. FILTER LOADING

The value for filter loading indicates the fraction of the TEOM filter cartridge's total
capacity that has been used.  Since this value is determined by the pressure drop of the
main (sample) flow line, the instrument shows a non-zero value even if no filter is
mounted in the mass transducer.  New filters generally exhibit figures of 15 to 30%
at a main flow rate of 3 l/min, and less at lower flow rates.

TEOM filter cartridges must be exchanged before this figure reaches 100% to ensure
the validity of the data generated by the instrument.  At some point above 100% the
main flow drops below its set point.

If the filter loading percentage is high when a new TEOM filter is placed on the mass
transducer, or if the lifetime of TEOM filter cartridges becomes noticeably shorter,
this usually indicates that the in-line filter in the main flow line needs to be exchanged.

✔  The first of the monitor's
three analog output
channels can be set up for a
dual purpose.

✔  Short filter lifetime can
result from in-line filters not
being exchanged at the
recommended frequency.
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4.2.1.5. RS-232 MODE

The RS-232 mode defines the current usage of the 9-pin RS-232 connectors on the
front and back panels of the TEOM Control Unit.  The selection of the current RS-232
mode is made in the Set RS-232 Mode Screen (Section 6).  Alternatively, the
instrument can be toggled between  the None Node (N) and Print On Line Mode (P)
by pressing <F2>.

Use the supplied 9-to-9 pin RS-232 cable (57-000587) when connecting the instru-
ment to an IBM AT-compatible computer with a 9-pin RS-232 connector.  If the
computer has a 25-pin RS-232 connector, use the 9-to-9 pin RS-232 cable in
combination with the 9-to-25 pin Computer Adapter (51-001079).

The 9-to-25 pin Modem Cable (51-002814) is designed to connect the Series 1400a
monitor to a modem.

IMPORTANT:  Never connect 2 serial devices to the front
and back RS-232 ports of the instrument at once.  This can
cause the RS-232 features of the monitor to malfunction.

4.2.1.6. PROTECTION

The Series 1400a monitor incorporates 3 states of password protection.  The user has
access to all capabilities of the instrument when it is unlocked (U).  In the low lock
setting (L), the user is prevented from editing any of the system parameters, but may
view all screens and change the operating mode of the instrument to perform such
functions as filter exchange.  When the monitor is in its high lock mode (H), the user
cannot make any changes from the keypad including scrolling, except for turning off
the high lock mode with the proper password.  Refer to Section 4.9 for a discussion
on locking the instrument.

4.2.1.7. TIME

Time is displayed on the instrument in 24-hour format.  Refer to Section 4.10 for
instructions to change the time and date stored internally by the instrument.

4.2.2. INFORMATIONAL  LINES ON THE MAIN SCREEN

The informational lines of the Main Screen show the current values of important
system variables (Figure 4-2).  Additional lines of information can be viewed by
scrolling this display up and down.  Press <-> to move the cursor upward and <¯ > to

✔ The averaging time used
to compute the Mass
Concentration variable is
governed by the MR/MC
Ave and TM Ave param-
eters in the Set Hardware
Screen (Section 4.7).
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move it downward.  Because the Main Screen displays data computed by the
instrument, none of these values can be edited by the user.

The following data can be viewed on the display:

Mass Concentration 10-minute average mass concentration (µg/m3).  This
sliding average is updated every 2 seconds.

30-Min MC 30-minute average mass concentration.  This value
is updated every 30 minutes on the half hour (µg/
m3).

01-Hr MC 1-hour average mass concentration.  This value is
updated every 60 minutes on the hour (µg/m3).

xx-Hr MC 8-hour average mass concentration.  This value is
updated every 60 minutes on the hour (µg/m3).

24-Hr MC 24-hour average mass concentration.  This value is
updated every 60 minutes on the hour (µg/m3).

Total Mass The amount of mass that has accumulated on the
TEOM filter cartridge since the most recent instru-
ment reset (done by turning on the instrument, or
pressing <F1> or <Run>).

Case Temperature Temperature of the TEOM mass transducer (set
point 50°C).

Air Temperature Temperature of the sample stream at the base of the
heated air inlet (set point 50 °C).

Cap Temperature Temperature of the upper part of the TEOM mass
transducer (set point 50 °C).

Main Flow Actual volumetric flow rate through the main flow
controller (set point 3 l/min), as measured by the
main flow controller.

Auxiliary Flow Actual volumetric flow rate through the auxiliary
flow controller (set point 13.67 l/min), as measured
by the auxiliary flow controller.

✔  The default averaging
time of this variable is 8
hours, but may be changed
in the Set Hardware Screen
(Section 4.7).

✔  The operating frequency
varies from one instrument
to another.
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Noise Indication of how well the TEOM mass transducer
is performing.  This figure should be less than 0.10
after the system has been in operating mode 4 for at
least one-half hour.

Frequency The oscillating frequency of the tapered tube in the
TEOM mass transducer.  This figure varies from
one Series 1400a monitor to another, but generally
ranges between 150 and 400 Hz.

The mass concentration averages of less than 24 hours can be averaged using data
logging equipment to compute sliding 24-hour averages and 24-hour averages that do
not necessarily start and end at midnight, as well as averages on other user-desired
time scales.

4.3. WHEN TO EXCHANGE TEOM FILTER CARTRIDGES

TEOM filter cartridges must be exchanged before the figure for filter loading on the
status line of the Main Screen reaches 100%.  The “Check Status” light turns on and
status code X is shown on the status line of the Main Screen when the filter loading
percentage is greater than 90%.

Follow the instructions in Section 3 to exchange filter cartridges, and the guidelines
in Section 7 for other routine maintenance procedures.

4.4. SUMMARY OF INSTRUMENT OPERATION

The monitor is always in operating mode 1 when it is turned on.  In this mode, the
instrument waits until temperatures and flows have equilibrated before successively
entering modes 2, 3 and 4.  The unit normally resides in operating mode 4, and is fully
operational in this setting.  Refer to Figure 4-2 for the location of the operating mode
on the instrument's Main Screen.

The other modes in which the instrument operates are S and X.  Switching the monitor
to either of these modes causes data collection to stop.

When in the Setup Mode (S) the instrument allows the user to change all of the system's
parameters.  During instrument operation, on the other hand, the user is restricted to
changing the values of only certain system variables.  Appendix B shows the operating
modes in which the variables on each screen may be edited in the column entitled “Edit
in Modes.”  Press <Data Stop> from any of the data collection modes (1, 2, 3 or 4) or
when in the Stop All Mode (X) to enter the Setup Mode.  The instrument automatically
re-enters operating mode 1 if no keystrokes are entered on the keypad for 5 minutes

✔  Pressing <Data Stop>
causes the unit to enter the
Setup Mode, in which all
editable parameters may be
changed.
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when the monitor is in the Setup Mode.  Otherwise, press <F1> or <Run> to re-enter
operating mode 1.

The instrument enters the Stop All Mode (X) after the user presses <Stop All>.  The
Stop All Mode is meant to be an emergency mode.  When the instrument resides in
this mode, the flows and output to the temperature control circuits are turned off.

Press <F1> or <Run> to reset the instrument from any operating mode.  This action
always causes the instrument to enter operating mode 1.

4.4.1. RE-INITIALIZING THE INSTRUMENT

The instrument operating parameters shown in this manual are the initial settings for
the monitor.  The re-initialization routine provides a simple way for the instrument to
be reset to its original configuration.

Execute the following steps if system variables have been changed and
the user wishes to return the monitor to its original settings:

1) If the Main Screen is not displayed on the instrument, press
<Main/Status> to return the monitor to the Main Screen.

2) Press <Data Stop> to enter the Setup Mode.

3) Press <Shift><Stop All> to reset the system variables to their
original values.

4) Follow the procedure described in Section 4.6.1 to enter the
appropriate average temperature and pressure, or select auto-
matic measurement, for the sampling location.

The listing of Program Register Codes (PRC's) in Appendix A and the listing of
screens in Appendix B both contain a column entitled “Re-Init.”  These columns
contain the new settings of each program variable after the above re-initialization
routine is executed.

4.4.2. STOP ALL COMMAND

Certain situations may arise in which the user may want to turn off all temperatures
and flows in the instrument.  In this case, press <Stop All> to enter the Stop All Mode
and cease data collection or leave the Setup Mode.  When the instrument is in the Stop
All Mode, an “X” appears in the operating mode field of the Main Screen's status line

✔  Emergency shut-down is
accomplished by pressing
<Stop All>.
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(Figure 4-3).

The instrument remains in the Stop All Mode until the instrument is turned off, or the
user instructs the instrument to begin data collection by pressing <F1> or <Run>, or
the user presses <Data Stop> to enter the Setup Mode.

4.5. USING THE SYSTEM SOFTWARE

The Series 1400a monitor incorporates menu-driven software that provides the user
with substantial control directly from the keypad of the control unit.  This Section
provides the basic knowledge required for interacting with the instrument to view
information and change the values of the system parameters.

4.5.1. KEYPADS

R&P supplies the Series 1400a in a choice of keypad languages.  The languages
available at the present time are English, Spanish and German.  These variations of
the keypad are shown in Figure 4-5 to aid foreign language users whose instruments
may not contain the English keypad.

4.5.2. POSITIONING THE CURSOR

The following keystrokes move the cursor up and down through any of the screens of
the instrument:

<-> Moves the cursor up by one line.
<Shift><-> Moves the cursor up by one screen.
<Ctrl><-> Moves the cursor to the first line of the screen.
<¯ > Moves the cursor down by one line.
<Shift><¯ > Moves the cursor down by one screen.
<Ctrl><¯ > Moves the cursor to the last line of the screen.

4.5.3. SCREENS

Appendix B shows the menu structure of software in the Series 1400a monitor, along
with a depiction of each screen in the instrument.

The screen that generally appears on the monitor during program operation is the Main
Screen.  Press <Main/Status> to call up the Main Screen when this screen is not

✔  The <Shift> and <Ctrl>
keys amplify cursor com-
mands.

✔  The Menu Screen
provides access to all
instrument displays.
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Figure 4-6.  Menu Screen.

MENU SCREEN
(Screen 20)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 LISTING OF SCREENS ➡ N/A N/A N/A N/A

>Set Temps/Flows ➡ N/A not editable N/A N/A

 Set Hardware ➡ N/A not editable N/A N/A

 View ACCU System ➡ N/A not editable N/A N/A

 View Analog Inputs ➡ N/A not editable N/A N/A

 Set Time ➡ N/A not editable N/A N/A Same as <Time/Date>.

 Set Analog Outputs ➡ N/A not editable N/A N/A Same as <A/O>.

 Set RS-232 Mode ➡ N/A not editable N/A N/A Same as <RS232>.

 View Storage ➡ N/A not editable N/A N/A Same as <Store>.

 Set Passwords ➡ N/A not editable N/A N/A

 Analog Calibration ➡ N/A not editable N/A N/A

 K0 Confirmation ➡ N/A not editable N/A N/A

To enter this screen, press:
     <Step Screen> from Main Screen or 20 <Enter>

    Next screen (using <Step Screen>):
         Screen pointed to by cursor

displayed by the instrument.  Pushing the <Main/Status> key when the Main Screen
is on the monitor causes the Status Code Screen to be displayed.  This key toggles
between the Main Screen and Status Code Screen.

The user can access all of the monitor's screens either directly or indirectly through
the Menu Screen.  Press <Step Screen> to access the Menu Screen (Figure 4-6) from
the Main Screen.  Then press <-> or <¯ > to point the cursor at the desired screen.  The
keystrokes described in Section 4.5.2 can also be used to position the cursor.  Then
press either <Step Screen> or <Enter> to bring up the screen shown on the current
cursor line.  As is always the case, pressing <Main/Status> returns the instrument to
the Main Screen.



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 4:  SYSTEM OPERATION AND DATA STORAGE PAGE 4-16

Revision B.001

When <Step Screen> is pressed in some screens, additional related screens appear on
the instrument.  Otherwise, this keystroke returns the monitor to the Main Screen.
Refer to Appendix B for an overview of the actions carried out by the <Step Screen>
key.  The <Main/Status> key always returns the instrument to the Main Screen.

Screens can also be brought up on the four-line display through direct entry.  To do
so, type the two-digit code for the screen followed by <Enter>.  For example, press
the following keystrokes to bring the Set Time Screen onto the display:  03<Enter>.
The two-digit identifier for each screen is shown in Appendix B directly beneath each
screen's title.

Certain screens can also be accessed directly from the instrument keypad, as listed
below:

Set Time Screen Press <Time/Date>.
Set Analog Outputs Screen Press <A/O>.
Set RS-232 Mode Screen Press <RS232>.
View Storage Screen Press <Store>.

Menu Screen Press <Step Screen> from Main Screen.
Main Screen Press <Main/Status> from any screen except the

Main Screen.
Status Code Screen Press <Main/Status> from Main Screen.

4.5.4. DISPLAY COMMAND

The <Disp> key only functions when the instrument is in the Main Screen.  Using this
key, the user can change the variables shown on the Main Display.  To display a given
variable on a selected line, move the cursor to the line on which the new variable is
to appear using the keystrokes listed in Section 4.5.2.  Then press <Disp> and enter
the three-digit Program Register Code (Appendix A) for the variable to be displayed.
A “#” appears in place of the “>” cursor after <Disp> is pressed to indicate that the
instrument is awaiting the input of a Program Register Code.  For example, to bring
the current value for the instrument calibration constant to the current line, press
<Disp>042<Enter>.  If a mistake is made in entering this sequence, press <Esc> to exit
from the display command.  Use the same procedure with the appropriate Program
Register Code to return the display to its original configuration.

Alternately, the arrow keys can be used in combination with the display command.
After pressing <Disp>, press one or more of the following keys to select the variable
to be displayed on the current line of the Main Display:

✔  Users can reconfigure
the Main Screen using with
<Disp> key.
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<-> Increment the Program Register Code by 1.
<Shift><-> Increment the Program Register Code by 5.
<Ctrl><-> Skip to the highest Program Register Code.
<¯ > Decrement the Program Register Code by 1.
<Shift><¯ > Decrement the Program Register Code by 5.
<Ctrl><¯ > Skip to the lowest Program Register Code.

Press <Enter> to select the desired variable after executing the keystrokes shown
above.

If there is no activity on the keypad for 10 seconds while the “#” cursor appears on the
display, the instrument automatically reverts to the usual “>” cursor.

4.5.5. UNITS OF MEASURE

The <Units> key toggles the display between the display of numbers and units of
measure.  If numeric values are shown on the display, pressing <Units> causes units
of measure to appear in place of the numbers.  Conversely, selecting <Units> when
units of measure are shown returns the instrument to its default, which is the display
of values.

When the user displays a new screen on the four-line display, the instrument always
shows numeric values on the newly selected screen.

4.5.6. EDITING VALUES

The edit command enables the user to change the value of variables displayed on the
four-line display.  Press <Edit> to invoke this command and change the value of a
number on the current line of the screen.  A “?” appears on the screen in place of the
regular “>” cursor.

In certain cases the instrument beeps when the <Edit> key is pressed, meaning that a
value can never be edited or that a value can only be edited in the Setup Mode.  Certain
variables such as mass concentration can never be edited.  Refer to the “Edit in Modes”
column in Appendix B to determine whether a value can be edited or whether editing
is restricted to the Setup Mode.  If necessary, press <Data Stop> to enter the Setup
Mode.  In other cases, the cursor does not change to a “?” but the monitor does not beep.
In such an instance, the instrument is preventing the user from invoking the edit
command because it is either in low or high lock mode (Section 4.9).

✔  A beep after pressing
<Edit> indicates that a
variable may not be
changed in the current
operating mode.
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A column marked “Range” in the listing of Program Register Codes in Appendix A
shows the range of permissible values for each program variable accessible by the
user.

New values can be entered in a number of ways:

1) Direct keypad entry.  Enter the new value directly by pressing the
necessary minus sign, decimal point and number keys, followed by
<Enter>.  If a mistake is made during keypad entry, press <Bkspace> to
erase individual characters or <Esc> to leave the edit routine.

This direct entry procedure can also be used for entering Program
Register Codes, such as the value for “AO1 Var” in the Set Analog
Outputs Screen (Screen 04 in Appendix B).  In this case, press the
following keys to assign the 24-hour mass concentration average to “AO1
Var”:  <Edit>060<Enter>.

2) Changing values using arrow keys.  After pressing <Edit>, type <-> and
<¯ > to increment and decrement the value of the variable being edited.
To increment and decrement by steps 10 times as large, press <Shift><->
and <Shift><¯ >, or by steps 100 times as large press <Ctrl><-> and
<Ctrl><¯ >.  Press <Enter> once the desired value has been reached by
using these arrow key sequences.

This methodology is particularly convenient when changing a variable
that requires a Program Register Code.  For example, press the following
keys to change the value of “AO2 Var” in the Set Analog Outputs Screen
(Screen 04 in Appendix B) from “01-Hr MC” to “08-Hr MC”:
<Edit><-><Enter>.

It is generally a good practice to use the <-> and <¯ > keys whenever the
value shown on the screen is alphanumeric, as opposed to numeric.
Examples of such variables are “Month” in the Set Time Screen (Screen
03 in Appendix B), and “Max Volt” and “Jumpers” in the Set Analog
Outputs Screen (Screen 04 in Appendix B).

On certain occasions, two editable variables appear on the same line.  An example of
this are the Average and Standard Temperature variables in the Set Temps/Flows
Screen (Screen 12 in Appendix B).  When this is the case and <Edit> is pressed, a “?”
appears next to both editable values on the current display line.  The user must then
choose which variable is to receive a new value.  Press either <¬> to choose the left
variable or <®> to select the right variable.  This causes one of the two “?” indicators
to disappear, leaving only the one next to the selected variable.  Then enter the new

✔  Two “?” indicators in the
Edit Mode signify that two
editable variables reside on
the current line.  Select one
or the other for editing by
pressing <¬> or <®>.
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value in the usual fashion.

If the “?” edit indicator is shown on the screen and there is no keypad activity for 10
seconds, the cursor automatically reverts to the “>” symbol.

4.5.7. NO AND YES KEYS

Certain system variables take on values of either “NO” or “YES.”  An example of this
occurs in the case of “Calibrate” in the Analog Calibration Screen (Screen 11 in
Appendix B), whose value can be changed when the instrument is in the Setup Mode.

Follow one of the two procedures below to change the value of a no/yes
variable:

1) Press <Edit>, followed by either the <No> or <Yes> key.  For
example, enter the following keystrokes to change the value of
“Calibrate” from No to Yes:  <Edit><Yes>.  It is not necessary to
press <Enter> after the <No> or <Yes> key has been used.

2) Press <Edit>, followed by either 0 for No or 1 for Yes, and then
type <Enter>.  For example, enter the following keystrokes to
change the value of “Calibrate” from No to Yes:  <Edit>1<Enter>.

4.5.8. EXTENDED FUNCTION KEY COMMANDS

Users can automatically set up the Series 1400a monitor for different operating
configurations by pressing the following function key combinations when in the Setup
Mode:

Shift <F1> Main/Aux Flow: 1/15.7 l/min Temps: 50-50-50 °C
Shift <F2> Main/Aux Flow: 2/14.7 l/min Temps: 50-50-50 °C
Shift <F3> Main/Aux Flow: 3/13.7 l/min Temps: 50-50-50 °C
Shift <F4> Main/Aux Flow: 1/15.7 l/min Temps: 30-30-0 °C
Shift <F5> Main/Aux Flow: 2/14.7 l/min Temps: 30-30-0 °C
Shift <F6> Main/Aux Flow: 3/13.7 l/min Temps: 30-30-0 °C

Shift <F8> Turns flows and temperatures off, sets K
o
 to 99,999

The temperatures listed above are the air, case and cap temperature, respectively.
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SET TEMPS/FLOWS SCREEN
(Screen 19)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

  SET TEMPS/FLOWS ➡ N/A N/A N/A N/A

T-Case> 50.00  50.00 ➡ °C S/not editable 50 50 Set point/actual temp.

T-Air   50.00  50.01 ➡ °C S/not editable 50 50 Set point/actual temp.

T-Cap   50.00  49.98 ➡ °C S/not editable 50 50 Set point/actual temp.

F-Main   3.00   3.00 ➡ l/min S/not editable 3 3 Set point/actual flow.

F-Aux   13.67  13.66 ➡ l/min S/not editable 13.67 13.67 Set point/actual flow.

T-A/S   25.00  25.00 ➡ °C S/S 25/25 25/25 Average/standard temp.

P-A/S   1.000  1.000 ➡ atm S/S 1/1 1/1 Average/standard pres.

Amb Temp        24.1 °C not editable N/A N/A Current ambient temp.

Amb Pres       0.988 atm not editable N/A N/A Current ambient pres.

FAdj Main      1.000 ➡ factor S 1 1 Main flow adjustment.

FAdj Aux       1.000 ➡ factor S 1 1 Aux flow adjustment.

To enter this screen, press:
     <Step Screen><Step Screen>, or
     select from Menu Screen or 19 <Enter>

    Next screen (using <Step Screen>):
         Set Hardware Screen (Screen 13)-
         Set Temps/Flows Screen (Screen 19)

Figure 4-7.  Set Temps/
Flows Screen. 4.6. SETTING TEMPERATURES AND FLOW RATES

Temperatures and flow rates are viewed and set in the Set Temps/Flows Screen
(Figure 4-7).  To enter this screen, either select “Set Temps/Flows” from the Menu
Screen, or press <Step Screen> when in the Set Hardware Screen, or type 19<Enter>
from any screen.

Each temperature and flow rate has two numbers associated with it.  The left-hand
value is the set point, and is editable.  The right-hand number is the current reading,
and is not editable.  The set points shown in Figure 4-7 are the default PM-10 settings
of the instrument.

✔  The ambient tempera-
ture indication does not
show the correct tempera-
ture if the ambient
temperature cable and
sensor are not installed
properly (Section 2.4).
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The explanation for average and standard temperatures and pressures is found in
Section 4.6.1, while the flow adjustments are described in Section 8.2 as part of the
software calibration of the flow controllers.

The ambient temperature and ambient pressure represent the values measured by the
sensors located outside and in the control unit, respectively.  The user can choose to
use these to regulate the sample flow automatically at the correct volumetric flow rate
(Section 4.6.1).

The value displayed for ambient temperature only makes sense if the ambient cable
and sensor are installed in the manner described in Section 2.4.

4.6.1. AVERAGE TEMPERATURE AND PRESSURE SETTINGS

The TEOM monitor utilizes mass flow controllers to ensure a constant and precise
regulation of flow through the instrument.  When the instrument is delivered by the
manufacturer, the device has the following settings for temperatures and pressures:

Standard Temperature 25 °C Standard Pressure 1 Atmosphere
Average Temperature 25 °C Average Pressure 1 Atmosphere

The Standard Temperature and Standard Pressure should ordinarily remain at their
original set points, as these are the standard conditions in which mass concentration
results are usually reported.

The Average Temperature and Average Pressure used with the instrument, however,
vary with season and altitude.  These should be adjusted because the PM-10 inlet
operates on a volumetric flow basis while the instrument’s flow controllers measure
flow on a mass basis.

The user can choose to have the instrument automatically measure and utilize the
ambient temperature and pressure or to enter the averages manually.  Series 1400a
monitors with the “AB” designation (or higher) in their serial numbers have built-in
facilities to measure the ambient temperature and pressure.  To measure the outdoor
ambient temperature automatically, install the ambient temperature cable and sensor
per the instructions in Section 2.4.  The ambient pressure sensor, on the other hand,
is built into each control unit.

The specifications of the temperature sensor are a range of -25 to 105 °C and an
accuracy of ±1 °C.  The ambient pressure sensor is rated from 0.68 to 1.09
Atmospheres, and is specified to have a maximum error of 1.5% in the temperature
range of 0 to 85 °C.  The Series 1400a monitor smoothes both the average temperature

✔  The values for Standard
Temperature and Standard
Pressure are generally not
changed.
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and average pressure over a period of approximately 15 seconds.

The user can enter the average temperature and pressure either automatically or
manually, as described below:

Automatic Operation

Make the following changes in the Set Temps/Flows Screen (Section 4.6)
to make use of the monitor's ambient temperature and pressure sensors
in maintaining volumetric flow control:

1) Set the Average Temperature to 99 °C.  This causes the ambient
temperature measured by the provided temperature sensor to be
used as the average temperature in flow rate calculations.

2) Set the Average Pressure to 9 Atmospheres.  This causes the
ambient pressure measured by the sensor in the TEOM Control
Unit to be used as the average pressure in flow rate calculations.

Manual Operation

The Average Pressure is usually adjusted only once for the average barometric
pressure at the sampling site, while the Average Temperature is usually changed
periodically (often 4 times per year) in accordance with changing average ambient
temperatures.

If the altitude at which the instrument is used is different from sea level, the Average
Pressure must be set to a value other than 1 Atmosphere so that the proper volumetric
flow is maintained within acceptable limits.  For example, the effect of entering an
Average Pressure of less than 1 Atmosphere reduces the mass flow, but maintains a
volumetric flow appropriate for the altitude.

Similarly, average daily temperatures can vary from 25 °C.  In such cases, the Average
Temperature must be adjusted seasonally to account for changes in mean tempera-
tures.   For example, if an Average Temperature of less than 25 °C is entered in the
system, the mass flow through the sampling head increases so that the proper
volumetric flow is maintained within acceptable limits.

Results from the instrument are always expressed in terms of the Standard Tempera-
ture (25 °C) and Standard Pressure (1 Atmosphere) regardless of the values entered
for Average Temperature and Average Pressure (as required by the U.S. EPA).

✔  The average tempera-
ture should be adjusted
seasonally if the user is not
making use of the
instrument's automatic
measurement capability
described above.
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The Average Temperature and Pressure may be changed by editing their values in the
Set Temps/Flows Screen (Figure 4-7).  The procedure for changing the set points of
these parameters from the keypad is described below:

Changing Average Temperature Manually.  Display the Average and Standard
Temperatures on the Set Temps/Flows Screen by pressing <-> or <¯ >.  Make sure that
the instrument is in the Setup Mode by pressing <Data Stop>.  Enter the new value for
the Average Temperature, for example 20 °C, in the usual fashion:
<Edit><¬>20<Enter>.  Then re-start data collection by pressing either <F1> or
<Run>.

Changing Average Pressure Manually.  Display the Average and Standard Pressures
on the Set Temps/Flows Screen by pressing <-> or <¯ >.  Make sure that the instrument
is in the Setup Mode by pressing <Data Stop>.  Enter the new value for the Average
Pressure, for example 0.93 Atmosphere, in the usual fashion:  <Edit><¬>0.93<Enter>.
Then re-start data collection by pressing either <F1> or <Run>.

4.7. SETTING OTHER HARDWARE PARAMETERS

The Set Hardware Screen allows the user to view and change other hardware
parameters (Figure 4-8).  To enter this screen, either select “Set Hardware” from the
Menu Screen, or press <Step Screen> when in the Set Temps/Flows Screen, or enter
13<Enter> from any screen.

A discussion of the Calibration Constant may be found in Sections 1.4.2 and 1.4.3.
The constant, K

o
, for any given instrument is shown on a label inside  the mass

transducer located in the TEOM Sensor Unit.  As the calibration constant is different
for each TEOM monitor, the value that appears in the software must match the figure
shown in the sensor unit, or the reported mass concentration will be in error.

The Serial Number is found on the back side of the sensor and control units.  The value
shown by the program should match the number found on the hardware.

The Wait Time is the length of time (sec) during which temperatures and flow rates
must reside within a narrow band around their set points before the instrument changes
from operating mode 1 to 2.

The MR/MC Averaging Time is the length of time (sec) over which total mass values
are averaged to compute real-time mass rate and mass concentration figures.  Refer
to Section 1.4.3 for a discussion of this parameter.

The TM Averaging Time is the length of time (sec) over which frequency values from

✔  The instrument contains
one user-defined long-term
average that is selectable
between 2 and 23 hours.
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the mass transducer are averaged to compute real-time total mass readings.  Refer to
Section 1.4.3 for a discussion of this parameter.

The “xx-Hr MC” parameter gives the user a choice of averaging times shown on the
Main Screen following the 1-hour mass concentration average.  The default value of
this parameter is 8, which causes the monitor to compute 8-hour averages.  The user
can select any averaging time between 2 and 23 hours for this parameter.

The TEOM monitor makes a minor empirically-established adjustment to the mass
concentration to achieve results comparable to the PM-10 reference methods.  This
is done using the formula Y = A + BX.  The values of A and B must be set to their
default values of 3.0 and 1.03, respectively, for the Series 1400a monitor to be used
as an equivalent method for PM-10 measurements.

The software revision number is shown as Version on the last line of the Set Hardware
Screen.

SET HARDWARE SCREEN
(Screen 13)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

    SET HARDWARE ➡ N/A N/A N/A N/A

Cal Const>  9605.000 ➡ N/A S N/A N/A Varies by instrument.

Ser Num         2374 ➡ N/A 1, 2, 3, 4, S, X N/A N/A Varies by instrument.

Wait Time       1800 ➡ sec 1, 2, 3, 4, S, X 1800 1800 Temp/flow stabilization.

MR/MC Ave        300 ➡ sec 1, 2, 3, 4, S, X 300 300 Averaging time.

TM Ave           300 ➡ sec 1, 2, 3, 4, S, X 300 300 Averaging time.

XX-Hr MC           8 hour S, X 8 8 User-defined average.

Const A        3.000 ➡ N/A S 3 3 U.S. EPA setting: 3.

Const B        1.030 ➡ N/A S 1.03 1.03 U.S. EPA setting: 1.03.

Version        2.010 ➡ N/A not editable N/A N/A Software version.

To enter this screen, press:
     <Step Screen><Step Screen><Step Screen>, or
     select from Menu Screen or 13 <Enter>

    Next screen (using <Step Screen>):
         Set Temps/Flows Screen (Screen 19)-
         Set Hardware Screen (Screen 13)

Figure 4-8.  Set Hardware
Screen.
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4.8. SYSTEM OPERATION AFTER POWER FAILURE

The Series 1400a monitor automatically resets itself when power is regained after a
power failure, and enters the same RS-232 mode as before.  Upon starting up again,
the instrument waits for temperatures and flow rates to remain stable for one-half hour
before automatically resuming data evaluation.  Operating parameters, such as
temperature and flow set points, are maintained in the system’s battery backed-up
CMOS memory.  The system also contains a battery backed-up clock/calendar.

4.9. LOCKING THE MONITOR

The Series 1400a monitor offers three levels of locking--unlock, low lock, and high
lock.  The Main Screen displays the current locking level on its status line (Figure 4-
3).

The instrument is always in unlock mode when it is first delivered, allowing the user
full access to all functions of the monitor.

In the low lock mode, the user can perform such functions as re-starting data collection
by pressing <F1> or <Run>, but cannot use the edit command to change the value of
any system variables.  In this mode, however, the user can view all of the instrument
screens.

When the instrument is in the high lock mode, the user can view the operation of the
instrument only as shown by the current four-line display.  The keys for moving the
cursor and switching to different screens are disabled.

To enter and exit the low lock mode, follow the procedure below:

1) Press <Lock>, followed by the six-digit numeric low lock pass-
word, and then <Enter>.  After pressing <Lock>, the monitor
displays an “x” in place of the usual “>” cursor.

When the instrument is delivered, the low lock password is 100000.

2) To return to the unlock mode, follow the same procedure as
described above.

To enter and exit the high lock mode, follow the procedure below:

1) Press <Shift><Lock>, followed by the six-digit numeric high lock
password, and then <Enter>.  After pressing <Shift><Lock>, the
monitor displays an “X” in place of the usual “>” cursor.

✔  In low lock protection,
the unit does not allow the
editing of parameters.
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SET PASSWORDS SCREEN
(Screen 10)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

   SET PASSWORDS ➡ N/A N/A N/A N/A

Cur Lo Pass  >     * ➡ code 1, 2, 3, 4, S, X 100000 N/A 6-digit password.

New Lo Pass        * ➡ code 1, 2, 3, 4, S, X N/A N/A 6-digit password.

Cur Hi Pass        * ➡ code 1, 2, 3, 4, S, X 100000 N/A 6-digit password.

New Hi Pass        * ➡ code 1, 2, 3, 4, S, X N/A N/A 6-digit password.

To enter this screen, press:
     select from Menu Screen or 10 <Enter>

    Next screen (using <Step Screen>):
         Main Screen (Screen 18)

Figure 4-9.  Set Passwords
Screen. When the instrument is delivered, the high lock password is 100000.

2) To return to the unlock mode, first execute the <Shift><Lock>
procedure just described (using the high lock password) to enter
the low lock mode, and then follow the instructions above for
turning off the low lock mode using the <Lock> key.

If the low or high lock password has been misplaced, execute the VIEW routine
described in Section 11 with the aid of an IBM AT-compatible personal computer to
retrieve it.

The Set Passwords Screen allows the user to change the low and high lock passwords
(Figure 4-9).  To enter this screen, select “Set Passwords” from the Menu Screen or
enter 10<Enter> from any screen.

Follow the procedures below to enter a new low or high password in the
Set Password Screen:

1) To enter a new low lock password, first enter the current pass-
word on the line entitled “Cur Lo Pass.”  If the current password
has been entered incorrectly, the instrument beeps and the entry
is erased.

2) Upon successful input of the current password, enter the new six-
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SET TIME SCREEN
(Screen 03)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

      SET TIME ➡ N/A N/A N/A N/A

09:30:03   14-Jun-92 ➡ N/A N/A N/A N/A Current time and date.

Second         >   0 ➡ sec S 0 N/A

Changing any of these
parameters immediately
resets the system
time/date.

Minute            30 ➡ min S curr N/A

Hour               9 ➡ hr S curr N/A

Day               14 ➡ day S curr N/A

Month            Jun ➡ mon S curr N/A

Year            1992 ➡ year S curr N/A

To enter this screen, press:
     <Time/Date>, or
     select from Menu Screen or 03 <Enter>

    Next screen (using <Step Screen>):
         Main Screen (Screen 18)

Figure 4-10.  Set Time
Screen. digit numeric password on the line marked “New Lo Pass.”  The

new six-digit code entered becomes the new low lock password.

The procedure for entering a new high lock password is analagous to that for
entering a new low lock password described above.

4.10. SETTING TIME AND DATE

The system time and date are entered in the Set Time Screen (Figure 4-10).  To enter
this screen, press <Time/Date>, or select “Set Time” from the Menu Screen, or enter
03<Enter> from any screen.

The second line of the Set Time Screen displays the current time and date generated
by the monitor's built-in clock/calendar.

Change any of the variables shown on this screen to reset the system time.  Everytime
a new entry is made, the instrument starts at the current set point for “Minute,” i.e.,
the seconds counter re-starts at 0.  Please note that the time and date can only be

✔  The time and date may
only be changed with the
monitor in the Setup Mode.
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changed when the instrument is in its Setup Mode, which is entered by pressing <Data
Stop>.

In accordance with the convention of the C programming language, month 0
corresponds to January and month 11 refers to December.  When editing the month,
it is simpler to use the <-> and <¯ > keys rather than entering the number of the month
directly.

4.11. INTERNAL DATA LOGGING

The Series 1400a monitor has a substantial capacity for the internal storage of data.
The stored information is available for viewing from the display/keypad of the control
unit, and can also be downloaded over the monitor's RS-232 port.  This manual
provides a discussion of RS-232 capabilities in Section 6.

The capacity of the internal data logger as expressed in records depends upon the
number of data fields (system variables) stored in each record.  The instrument always
stores the time, date and station number in each record in addition to the data fields
selected by the user.  Figure 4-11 shows the capacity of the monitor's internal storage.
Because header information is stored in each record, the capacity of the data logger
as measured by the number or records does not increase proportionately with a
reduction in the number of data fields per record.

Enter the View Storage Screen (Figure 4-12) to view records currently stored in the
monitor.  To do so, press <Store>, select “View Storage” from the Menu Screen, or
enter 08<Enter> from any screen.

The number shown in the upper right-hand corner of the screen is the physical record
number of the current record.  The instrument uses a circular storage buffer, meaning
that physical record 0 is overwritten once the end of the storage area is reached.

Upon entering the View Storage Screen, the instrument displays the latest record
saved to the internal data logger.  A number of different commands are available for
viewing other records stored in the instrument:

<¬> Move backward by 1 record.
<Shift><¬> Move backward by 10 records.
<Ctrl><¬> Move backward by 100 records.
<First> Move to the beginning of the current buffer.
<´ ®> Move forward by 1 record.
<Shift><®> Move forward by 10 records.
<Ctrl><®> Move forward by 100 records.
<Last> Move to the end of the current buffer.

✔  Enter month values as 0
to 11 for January to Decem-
ber, respectively.

✔   Values logged internally
are stored in a circular
buffer.
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Internal Data Storage Capacity*

Data Fields per Record Capacity in Records Capacity in Time**

1 7,017 20.8 weeks

2 4,911 14.6 weeks

3 3,777 11.2 weeks

4 3,069 9.1 weeks

5 2,584 7.6 weeks

6 2,231 6.6 weeks

7 1,964 5.8 weeks

8 1,753 5.2 weeks

*  Minimum storage capacity.  Most configurations store more data.
** Computed using a storage interval of 30 minutes.

Figure 4-11.  Approximate
Internal Storage Capacity.

VIEW STORAGE SCREEN
(Screen 08)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

VIEW STORAGE    2056 ➡ N/A N/A N/A N/A Physical record number.

09:30:05   14-Jun-92 ➡ N/A N/A N/A N/A Time/date of storage.

>Mass Conc      74.9 ➡ varies not editable N/A N/A

The variables selected
for storage are chosen in
the Set Storage Screen
(Screen 09).

 30-Min MC      72.3 ➡ varies not editable N/A N/A

  01-Hr MC      78.4 ➡ varies not editable N/A N/A

  24-Hr MC      69.3 ➡ varies not editable N/A N/A

  Tot Mass    974.38 ➡ varies not editable N/A N/A

      Null         0 ➡ varies not editable N/A N/A

      Null         0 ➡ varies not editable N/A N/A

      Null         0 ➡ varies not editable N/A N/A

To enter this screen, press:
     <Store>, or
     select from Menu Screen or 08 <Enter>

    Next screen (using <Step Screen>):
         Set Storage Screen (Screen 09)-
         View Storage Screen (Screen 08)

Figure 4-12.  View Storage
Screen.
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SET STORAGE SCREEN
(Screen 09)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

    SET STORAGE ➡ N/A N/A N/A N/A

Stor Var1 >Mass Conc ➡ PRC 1, 2, 3, 4, S, X 8 8 Program Register Code.

Stor Var2  30-Min MC ➡ PRC 1, 2, 3, 4, S, X 57 57 Program Register Code.

Stor Var3   01-Hr MC ➡ PRC 1, 2, 3, 4, S, X 58 58 Program Register Code.

Stor Var4   24-Hr MC ➡ PRC 1, 2, 3, 4, S, X 60 60 Program Register Code.

Stor Var5   Tot Mass ➡ PRC 1, 2, 3, 4, S, X 9 9 Program Register Code.

Stor Var6       Null ➡ PRC 1, 2, 3, 4, S, X 0 0 Program Register Code.

Stor Var7       Null ➡ PRC 1, 2, 3, 4, S, X 0 0 Program Register Code.

Stor Var8       Null ➡ PRC 1, 2, 3, 4, S, X 0 0 Program Register Code.

Interval      1800.0 ➡ sec 1, 2, 3, 4, S, X 1800 1800 Time between storages.

Stor Vars          8 ➡ N/A 1, 2, 3, 4, S, X 8 N/A Change clears storage!

Station     48048048 ➡ code 1, 2, 3, 4, S, X "000" "000" ASCII for up to 3 chars.

To enter this screen, press:
     <Store><Step Screen>, or
     09 <Enter>

    Next screen (using <Step Screen>):
        View Storage Screen (Screen 08) -
        Set Storage Screen (Screen 09)

Figure 4-13.  Set Storage
Screen. Press the regular cursor keys such as <->, <¯ >, <Shift><->, <Shift><¯ >, <Ctrl><->,

and <Ctrl><¯ > to move the cursor upward and downward through the screen.

The Set Storage Screen (Figure 4-13) determines which variables are stored in the data
logger, how many data fields exist per record, and the interval at which records are
stored.  The <Step Screen> key toggles the instrument between the View Storage
Screen and Set Storage Screen.  In addition, the user can gain direct access to the Set
Storage Screen from any screen by pressing 09<Enter>.

The first eight lines of the Set Storage Screen contain the titles of the variables
currently being stored in the internal data logger (Program Register Codes are listed
in Appendix A).
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The “Interval” variable defines the time (sec) between successive writings of data to
the circular buffer.  The averaged analog input values (PRC 114-120), average wind
speed (PRC 147), average wind velocity (PRC 148) and average wind direction (PRC
149) are re-zeroed immediately after the instrument stores data in its internal buffer.
Effectively, the averaging time of analog inputs and meteorological data is equal to
the data storage interval.

“Stor Vars” determines the number of data fields stored per record.

IMPORTANT:  All data stored in the internal data logger are
lost when the value of this parameter is changed.

The “Station” variable contains the numeric representation of an ASCII string that can
be up to 3 digits long.  The ASCII string is stored with every record in the internal data
logger, and is transmitted every time data are sent to a serial device.  Refer to Appendix
G for a condensed listing of ASCII codes.

To erase the contents of the circular storage buffer, change the value of the “Stor Vars”
variable.  For example, enter a 0 for “Stor Vars,” and then enter 8 again to resume
storing 8 data fields per record.

✔  Erase the storage buffer
by changing the value for
“Stor Vars.”

✔  The data storage interval
determines the averaging
period of analog inputs and
meteorological data.



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 5:  ANALOG INPUTS AND OUTPUTS PAGE 5-1

Revision B.001

Section 5:  Analog Inputs and Outputs

The Series 1400a monitor provides 3 user-definable analog outputs, 2 user-definable
contact closure circuits, and 7 analog inputs.  The use of these capabilities is described
in this Section.

5.1. ANALOG OUTPUT

The instrument's three analog output channels are accessible from the identical 15-pin
connectors on the front and back panels of the TEOM Control Unit (location “1” in
Figures 5-1 and 5-2).

The pin assignments of the three analog outputs are shown below.  Their specification
is an output impedance less than 1 ohm and a maximum output current of 10 mA.

Channel 1 Positive Pin 10 Ground Pin 3
Channel 2 Positive Pin 1 Ground Pin 5
Channel 3 Positive Pin 9 Ground Pin 6

These analog outputs can be scaled to be 0-1, 0-2, 0-5 or 0-10 VDC.  This is made
possible by a combination of hardware and software settings.

The Set Analog Outputs Screen defines the analog outputs transmitted by the monitor
(Figure 5-3).  To bring this screen onto the four-line display, press <A/O>, or select
“Set Analog Outputs” from the Menu Screen, or type 04<Enter> from any screen.

In its default setting, the full scale voltage as defined by the “Max Volt” variable is
10 VDC.  This variable can be set to 1, 2 or 5 VDC by pressing <¯ > while executing
the edit command.  Enter the maximum voltage desired from the system.  If the monitor

Figure 5-1.  Data Output
Connectors--Front Panel of
the TEOM Control Unit.  1:
15-Pin Analog Connector; 2:
9-Pin Serial Connector.

✔  The instrument supports
a variety of full-scale
voltages.
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does not permit you to select 0-5 or 0-10 VDC, the setting for the “Jumpers” variable
must be changed to 0-10 VDC (see below).

Each of the monitor's three analog output channels is assigned the Program Register
Code of the variable to be transmitted, a minimum value and a maximum value.  In the
case of a 0-10 VDC output, the minimum value for the selected output variable
corresponds to 0 VDC and the maximum value is given the output value of 10 VDC.
Figure 5-3 shows the default settings for the 3 analog outputs.

NOTE:  In a typical installation, one of the Series 1400a
monitor's three analog outputs is defined as the instanta-
neous mass concentration average (PRC 8) and is scaled for
output over a range of -100 to +900.  This output is transmit-
ted to a data logger that is set for a one-hour averaging time.

The behavior of analog output channel 1 is modified somewhat if the user chooses to
use the channel also as a status indicator.  Refer to Section 4.2.1.3 for information
concerning the analog output 1 mode.

The variable entitled “Jumpers” reflects the jumper settings of the three analog output
channels in the analog output hardware.  As delivered, the analog output jumpers are
set to 0-10 VDC.  In most cases, the value for “Jumpers” should remain 0-10 VDC
and no change needs to be made to the hardware.

The instrument has an analog output resolution of 12 bits including the sign.  If 0-1
or 0-2 VDC analog outputs are desired from the instrument, the best voltage resolution
can be achieved by changing the jumpers to their alternate settings of 0-2 VDC.

Figure 5-2.  Data Output
Connectors--Back Panel of
the TEOM Control Unit.  1:
15-Pin Analog Connector; 2:
9-Pin Serial Connector; 3:
Location of 15-Pin Analog
Input Connector; 4: Auxiliary
Connector for ACCU
System.

✔  The behavior of analog
output channel 1 can be
modified to indicate filter
loading.
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Make the following hardware and software changes for 0-1 or 0-2 VDC
analog outputs:

1) Change the jumper settings for the output  channels labelled 1, 2
and 4 on the L-shaped analog input/output board in the TEOM
Control Unit (Figure 5-4).  Turn the instrument off while changing
the jumper settings.

2) Change the value for “Jumpers” to 0-2 VDC by pressing <¯ > when
executing the edit command.

3) Check the calibration of the analog board (Section 8.3).

SET ANALOG OUTPUTS SCREEN
(Screen 04)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 SET ANALOG OUTPUTS ➡ N/A N/A N/A N/A

Max Volt >    10-VDC ➡ code 1, 2, 3, 4, S, X 3 N/A 0:1V, 1:2V, 2:5V, 3:10V.

AO1 Var    30-Min MC ➡ PRC 1, 2, 3, 4, S, X 57 57 Program Register Code.

AO1 Min         0.00 ➡ value 1, 2, 3, 4, S, X 0 0 Chan 1 minimum value.

AO1 Max       500.00 ➡ value 1, 2, 3, 4, S, X 500 500 Chan 1 maximum value.

AO2 Var     01-Hr MC ➡ PRC 1, 2, 3, 4, S, X 58 58 Program Register Code.

AO2 Min         0.00 ➡ value 1, 2, 3, 4, S, X 0 0 Chan 2 minimum value.

AO2 Max       500.00 ➡ value 1, 2, 3, 4, S, X 500 500 Chan 2 maximum value.

AO3 Var     Tot Mass ➡ PRC 1, 2, 3, 4, S, X 9 9 Program Register Code.

AO3 Min         0.00 ➡ value 1, 2, 3, 4, S, X 0 0 Chan 3 minimum value.

AO3 Max      5000.00 ➡ value 1, 2, 3, 4, S, X 5000 5000 Chan 3 maximum value.

Jumpers       10-VDC ➡ code 1, 2, 3, 4, S, X 1 N/A 0:2V, 1:10V.

To enter this screen, press:
     <A/O>, or
     select from Menu Screen or 04 <Enter>

    Next screen (using <Step Screen>):
         Set Contact Closure Screen (Screen 22)-
         Set Analog Outputs Screen (Screen 04)

Figure 5-3.  Set Analog
Outputs Screen.
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Figure 5-4.  Analog Input/
Output Board Inside Control
Unit.

The software and hardware settings for the analog jumpers are changed back to 0-10
VDC in an analogous manner.

5.2. CONTACT CLOSURE CIRCUITS

The TEOM Series 1400a monitor is equipped with hardware that allows for the
surveillance of instrument operation and filter lifetime without the use of analog
output channels.  This is accomplished with two user-definable reed relay contacts
that change their settings when certain status conditions occur.  In their default
definitions, the monitor's contact closure circuits respond to status conditions and the
filter loading percentage (Figure 5-5).

The connections to these relays are found on the 15-pin analog connector on the front
and back of the TEOM Control Unit (Figure 5-6).  The relay closure is good for
voltages up to 200 VAC or 200 VDC, and currents as high as 10 mA.

The user can define the operation of the contact closure circuits in the Set Contact
Closure Screen (Figure 5-7).  This programmability provides the user with the ability
to tailor the channels to a variety of alarm conditions that may vary from site to site.

✔  Users can configure the
monitor's contact closure
channels for a variety of
applications.
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Reed Relay Closure Reed Relay Open

Contact
Closure
Circuit 1

DATA VALID

Status codes M, T and F are
not active.

DATA NOT VALID

Status codes M, T or F are
active.

Contact
Closure
Circuit 2

FILTER LIFETIME OK

Percent of filter lifetime is less
than 90%.

FILTER NEEDS EXCHANGE

Percent of filter lifetime is
greater than 90%.

Voltage In Voltage Out

Circuit 1 Pin 11 Pin 2

Circuit 2 Pin 12 Pin 4

Figure 5-5.  Default Con-
figuration of Contact
Closures.

Figure 5-6.  Pin Assign-
ments of Contact Closures
1 and 2 on 15-Pin Analog
Output Connector.

SET CONTACT CLOSURE SCREEN
(Screen 22)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

SET CONTACT CLOSURE ➡ N/A N/A N/A N/A

Cont1 PRC     Status ➡ PRC 1, 2, 3, 4, S, X 41 41 PRC to be checked.

   NAND         7.00 ➡ N/A 1, 2, 3, 4, S, X 7/7.00 7/7.00 Operator/value.

Cont2 PRC  Pres Drop ➡ PRC 1, 2, 3, 4, S, X 35 35 PRC to be checked.

      <        90.00 ➡ N/A 1, 2, 3, 4, S, X 0/90.00 0/90.00 Operator/value.

To enter this screen, press:
     select from Menu Screen or 22 <Enter>

    Next screen (using <Step Screen>):
         Set Analog Outputs Screen (Screen 04)-
         Set Contact Closure Screen (Screen 22)

Figure 5-7.  Set Contact
Closure Screen.
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The <Step Screen> key toggles the instrument between the Set Analog Outputs Screen
(Figure 5-3) and the Set Contact Closure Screen.  In addition, the user can gain direct
access to the Set Contact Closure Screen from any screen by entering 22<Enter>.

For each contact closure channel, the instrument performs an evaluation of a Program
Register Code's (PRC) current value.  This test is includes either a comparison
operator (<=, <, =, >, >=, <> (not equal)) or logical operator (AND or NAND (not
AND)), as well as a constant value with which the PRC is compared.  If the result of
the comparison for an output channel is true the monitor closes the circuit (makes
contact); otherwise, the channel is open.

The screen contains the following user-definable fields for each contact closure
channel:

NOTE:  When in the Edit Mode, press <¯ > and <-> to select
from a list of pre-defined settings for the Program Register
Code and operator.

PRC This is the Program Register Code of the variable
whose current value is to be tested by the instrument.

Operator The comparison or logical operator used to compare
the PRC and constant value (<=, <, =, >, >=, <>,
AND, NAND).

Value The constant value against which the PRC is com-
pared using the operator.  If the operation is true, the
instrument closes the contact closure; otherwise, it
is open.

In the monitor's default configuration, contact closure channels 1 and 2 are defined as
follows (Figure 5-7):

Channel 1: Current Status Code NAND 7
Channel 2: Current Filter Pressure Drop < 90

5.3. ANALOG INPUT

The standard configuration of the Series 1400a monitor contains one analog input on
the Analog I/O connector and six inputs on the Ext Analog connector on the back panel
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of the control unit.  These inputs can be configured as ±2 VDC or ±10 VDC full scale
(-100% to 100%).  The specification for all analog inputs is an input impedance of 24K
ohms.

Analog input 0 is transmitted to the Series 1400a monitor through the 15-pin analog
connector on the control unit (location “1” in Figures 5-1 and 5-2).  Pin 7 is designated
as the signal line and pin 8 as the ground.  The jumper setting of the analog input 4 on
the L-shaped analog input/output board (Figure 5-4) in the control unit determines
whether this input is configured for ±2 VDC or ±10 VDC.  The default setting for
analog input 0, as well as channels 1 to 6, is ±10 VDC.  The following defines the
location of analog input channel 0 on the 15-pin Analog I/O connector:

    Input Chan       Signal                 Ground                Location on L-Shaped Board

0 Signal Pin 7 Ground Pin 8 Analog Board Chan 4

Each of the six analog inputs available on the Ext Analog connector (location “3” in
Figure 5-2) on the back of the control unit may be configured in the same manner.

The pin assignments on this 15-pin Ext Analog connector for analog inputs 1 to 8 are
shown below, along with the physical location of the jumper on the L-shaped analog
input/output board (Figure 5-4).

    Input Chan       Signal                 Ground                Location on L-Shaped Board

1 Signal Pin 1 Ground Pin 2 Analog Board Chan 10
2 Signal Pin 3 Ground Pin 4 Analog Board Chan 11
3 Signal Pin 5 Ground Pin 6 Analog Board Chan 12
4 Signal Pin 7 Ground Pin 8 Analog Board Chan 13
5 Signal Pin 9 Ground Pin 10 Analog Board Chan 14
6 Signal Pin 11 Ground Pin 12 Analog Board Chan 15

Analog input channels 1 to 6 can be defined individually on the L-shaped analog input/
output board to be ±2 VDC or ±10 VDC (channels 10 to 15 on the board).

The current values of the system's analog and meteorological inputs are shown on the
View Analog Inputs Screen (Figure 5-7).  Select “View Analog Inputs” from the Menu
Screen or type 23<Enter> in any screen to enter this screen.

Analog inputs 0 to 6 and meteorological values are shown on the View Analog Inputs
Screen as averages expressed in engineering units.  The averaging time is determined
by the interval parameter of the Set Storage Screen (Section 4.11).  The averaged input
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VIEW ANALOG INPUTS SCREEN
(Screen 23)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 VIEW ANALOG INPUTS ➡ N/A N/A N/A N/A

A/I 0          0.000 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 1         17.363 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 2         27.463 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 3        100.000 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 4         89.620 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 5          0.000 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 6          0.000 ➡ engr not editable N/A N/A Ave in engineering units.

Wind Spd        15.3 speed not editable N/A N/A Average wind speed.

Wind Vel         7.2 ➡ vel not editable N/A N/A Average wind velocity.

Wind Dir        32.7 ➡ dir not editable N/A N/A Average wind direction.

To enter this screen, press:
     select from Menu Screen or 23 <Enter>

    Next screen (using <Step Screen>):
         Define A/I Screen (Screen 21)-
         View Analog Inputs Screen (Screen 23)

Figure 5-7.  View Analog
Inputs Screen.

values (in engineering units) are assigned the Program Register Codes 114 to 120
(Appendix A), and may be stored in the monitor's internal data logger, queried over
the RS-232 connector, and used to direct the actions of the ACCU system, as is the case
with any other system variable.  The averaged wind speed, velocity and direction are
stored in PRC 147 to 149, and may be used in the same way as the analog input values.

The conversion of data from analog voltages to engineering units is defined by the
Define Analog Inputs Screen (Figure 5-8).  Press <Step Screen> when in the View
Analog Inputs Screen (Figure 5-7) or type 21<Enter> in any screen to enter this screen.

NOTE:  The instrument records values for average wind
speed, velocity and wind direction is one of the inputs in the
Define Analog Inputs Screen is defined as wind speed and
another as wind direction.
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DEFINE ANALOG INPUTS SCREEN
(Screen 21)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

DEFINE A/I         1 ➡ N/A N/A N/A N/A

A/I %FS         4.83 ➡ engr not editable N/A N/A Ave in engineering units.

A/I Type    WndSpeed ➡ engr 1, 2, 3, 4, S, X N/A N/A Ave in engineering units.

Const A        0.000 ➡ engr 1, 2, 3, 4, S, X N/A N/A Ave in engineering units.

Const B       36.000 ➡ engr 1, 2, 3, 4, S, X N/A N/A Ave in engineering units.

Const C        0.000 ➡ engr 1, 2, 3, 4, S, X N/A N/A Ave in engineering units.

A/I Ave       17.363 ➡ engr not editable N/A N/A Average wind direction.

To enter this screen, press:
     select from Menu Screen or 21 <Enter>

    Next screen (using <Step Screen>):
         View Analog Inputs Screen (Screen 23)-
         Define A/I Screen (Screen 21)

Figure 5-8.  Define Analog
Inputs Screen.

The upper right-hand corner of the View Analog Inputs Screen displays the current
channel number.  Press <¬> or <®> to more backward or forward by one channel, and
<Ctrl><¬> or <Ctrl><®> to more to the first and last channels, respectively.

Press <First/Last> to reset the averaging of all seven analog input channels.

The “A/I %FS” variable in the Define Analog Inputs Screen (Figure  5-8) represents
the current percentage of the input's full scale.

The “A/I Type” parameter is usually set to “Equation,” indicating a regular conver-
sion.  Alternately, this value can be defined as "WndSpeed" (in engineering units of
the user's choice) or “WndDir” (0 to 360°).  For the monitor to compute wind speed,
velocity and direction (PRC 147 to 149) in the View Analog Inputs Screen (Figure 5-
7), one analog input channel must be defined as “WndSpeed” and another as
“WndDir.”

The “A/I Average” variable displays the averaged input for the current channel in
engineering units, and is identical to the figure shown in the View Analog Inputs
Screen (Figure 5-7).

For each analog input channel 0 to 6, the monitor allows the incoming voltage signal

✔  <First/Last> resets the
analog input channels.

✔  To make use of the
monitor's meteorological
conversion capabilities, one
channel must be defined as
wind speed and another
wind direction.
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of ±10 VDC or ±2 VDC to be converted to engineering units.  Since the instrument
cannot tell whether the jumper for a particular analog input channel is set to ±10
(default) or ±2 VDC, the incoming signal is expressed as a percentage of full scale
(-100% to 100%).  For example, if an analog input channel is configured as ±10 VDC,
-100% corresponds to -10 VDC and 100% is matched with 10 VDC.

The conversion formula used by the instrument is as follows, where A, B and C may
be defined differently for each channel and %FS is an input's percentage of full scale:

Result = A + B (%FS) + C2 (%FS)

In the instrument's default configuration, the values of A and C are set to 0, while B
equals 1.  In this case, the averaged analog inputs displayed in the View Analog Inputs
Screen (Figure 5-7) are the percentage of full scale.

If the user has a wind vane/anemometer in which a 0-5 VDC output corresponds to a
0-180 km/h wind speed, the values of A, B and C should be entered as follows (with
the input channel configured in hardware as ±10 VDC):

A = 0 B = 36 C = 0

If the user has a wind vane/anemometer in which a 0-5 VDC output corresponds to a
0-360° wind direction the values of A, B and C should be entered as follows (with the
input channel configured in hardware as ±10 VDC):

A = 0 B = 72 C = 0
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Section 6:  Serial Output and Two-Way Communication

The Series 1400a monitor contains powerful serial output and communication
capabilities.  In addition to providing on-line printing capability, the instrument
directly supports a number of important RS-232 communication protocols such as the
German Ambient Network Protocol and the German automobile industry's AK
Protocol.  The monitor's implementation of the AK protocol allows the user to change
the value of system variables and download data from storage from a remote location.
Finally, the instrument provides a means of transmitting the contents of its circular
storage buffer directly to a serial printer or other serial device such as a personal
computer.

The RS-232 output from the instrument is transmitted through the duplicate 9-pin RS-
232 connectors located on the front and back panels of the control unit (location “B”
in Figures 5-1 and 5-2).

IMPORTANT:  Never attach more than one serial device,
such as a serial printer, data logger or computer, to the RS-
232 connectors of the instrument at once.  Doing so can cause
the RS-232 protocols described in this Section to malfunc-
tion.

The four-line display shows the current RS-232 output mode on the status line of the
Main Screen (Figure 4-3, Section 4.2.1.5).  When the instrument is shipped from R&P,
the RS-232 ports are configured for the None Mode, which allows the user to view
instrument operations using a personal computer (Section 11) and permits new
versions of the software to be downloaded (Appendix D).  The abbreviation for the
current RS-232 mode shown on the status line of the Main Screen is the first letter of
the mode's full name.

Pressing <F2> toggles the monitor between the Print On Line Mode and the None
Mode.  To select from the full range of RS-232 modes available in the instrument,
however, the user must bring the Set RS-232 Mode Screen (Figure 6-1) onto the
display.  To do so, press <RS232>, or select “Set RS-232 Mode” from the Menu
Screen, or type 05<Enter> when in any screen.

The second line of the Set RS-232 Mode Screen shows the current mode.  To select
a new mode, move the cursor up or down using <-> and <¯ > until it points to the desired
mode.  Then press <Enter>.  The newly selected mode then appears on the second line
as the current mode, and its abbreviation is shown on the status line of the Main Screen.

In actuality, three screens are used to define all aspects of the instrument's RS-232
capabilities:  the Set RS-232 Mode Screen, Com Print Settings Screen, and Com 2-
Way Settings Screen.  These screens are connected to one another through the <Step
Screen> key.  Starting in the Set RS-232 Mode Screen, press <Step Screen> repeatedly

✔  The AK Protocol is the
most capable RS-232 mode
in the Series 1400a monitor.
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SET RS-232 MODE SCREEN
(Screen 05)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

  SET RS-232 MODE ➡ N/A N/A N/A N/A

Mode: None ➡ N/A N/A 0:None N/A Current RS-232 mode.

>None ➡ N/A not editable N/A N/A

Select the RS-232 mode
from among these
options.

 Print On Line ➡ N/A not editable N/A N/A

 R&P Protocol ➡ N/A not editable N/A N/A

 AK Protocol ➡ N/A not editable N/A N/A

 German Network ➡ N/A not editable N/A N/A

 Store to Print ➡ N/A not editable N/A N/A

 Fast Store Out ➡ N/A not editable N/A N/A

To enter this screen, press:
     <RS232>, or
     select from Menu Screen or 05 <Enter>

    Next screen (using <Step Screen>):
         Com Print Settings Screen (Screen 06)-
         Com 2-Way Settings Screen (Screen 07)-
         Set RS-232 Mode Screen (Screen 05)

Figure 6-1.  Set RS-232
Mode Screen.

to advance through these screens.

The specifications for the serial output are set by the switches described in C.2.  The
default definition for the RS-232 output is as follows:

Baud Rate 9600
Word Length 8
Stop Bits 1
Parity None

A number of different cables and adapters are provided with the Series 1400a monitor
for serial connections.  Their functions are described below:

The 9-to-25 Pin Modem Cable (51-002814) is used to connect a modem
to the instrument.

✔  The modem cable
supplied with the monitor
enables straightforward
remote communication.
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The 9-to-9 Pin Computer Cable (07-000587) connects the 9-pin serial
port of an IBM AT-compatible computer to the RS-232 connector of the
instrument.

A 9-to-25 Pin Computer Adapter (51-001079) is provided for instances
in which a personal computer is equipped with a 25-pin serial port instead
of a 9-pin port.  The 9-to-25 Pin Computer Adapter is designed for use
with the 9-to-9 Pin Computer Cable when the personal computer has a 25-
pin RS-232 port.

IMPORTANT:  Do not attempt to use the 9-to-25 Pin
Modem Cable to connect a computer with a 25-pin serial port
to the instrument.  This combination does not work.

Refer to Appendix H for summary information about setting up the Series 1400a
monitor for serial communication.

6.1. ON-LINE PRINTING

When the monitor is in the Print On Line Mode, it transmits a line of information
through the RS-232 connector at the interval specified by the user.  Although the name
of this mode implies that it is for use with a serial printer, any type of serial receiving
device can be used to capture the data output by the instrument.

The Com Print Settings Screen determines the format of the RS-232 output when the
instrument is in the Print On Line Mode (Figure 6-2).  To reach this screen, press <Step
Screen> when in the Set RS-232 Mode Screen, or <Step Screen><Step Screen> when
in the Com 2-Way Settings Screen.  Alternately, type 06<Enter> from any screen to
access this display.

The Interval is the time (sec) between RS-232 transmissions when the monitor is in
the On Line Print Mode.

The user may specify that the instrument print 1 to 6 columns of data in each
transmission.  By default, the monitor always outputs the current date and time, and
the station identifier, at the beginning of each line of output.  The user may specify the
Program Register Codes (Appendix A) of up to six variables for output.

The “Station” variable contains the numeric representation of an ASCII string that can
be up to 3 digits long.  The ASCII string is transmitted with every record that is sent

✔  Appendix H provides a
quick guide for setting up
serial communication.
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COM PRINT SETTINGS SCREEN
(Screen 06)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 COM PRINT SETTINGS ➡ N/A N/A N/A N/A

Interval >      1800 ➡ sec 1, 2, 3, 4, S, X 1800 1800 Time between outputs.

Columns            6 ➡ N/A 1, 2, 3, 4, S, X 6 6 Data columns to print.

Prnt Var1  Mass Conc ➡ PRC 1, 2, 3, 4, S, X 8 8 Program Register Code.

Prnt Var2  30-Min MC ➡ PRC 1, 2, 3, 4, S, X 57 57 Program Register Code.

Prnt Var3   01-Hr MC ➡ PRC 1, 2, 3, 4, S, X 58 58 Program Register Code.

Prnt Var4   24-Hr MC ➡ PRC 1, 2, 3, 4, S, X 60 60 Program Register Code.

Prnt Var5   Tot Mass ➡ PRC 1, 2, 3, 4, S, X 9 9 Program Register Code.

Prnt Var6       Null ➡ PRC 1, 2, 3, 4, S, X 0 0 Program Register Code.

Station     48048048 ➡ code 1, 2, 3, 4, S, X "000" "000" ASCII for up to 3 chars.

To enter this screen, press:
     <RS232><Step Screen>, or
     06 <Enter>

    Next screen (using <Step Screen>):
         Com 2-Way Settings Screen (Screen 07)-
         Set RS-232 Mode Screen (Screen 05)-
         Com Print Settings Screen (Screen 06)

Figure 6-2.  Com Print
Settings Screen. through the RS-232 ports in the Print On Line Mode, and is stored as part of every

record in the internal data logger.

6.2. INSTRUMENT CONNECTION TO A COMPUTER OR MODEM

Real-time information and data stored inside the circular storage buffer of the Series
1400a monitor can be transmitted to a computer directly, or through a modem over
telephone lines to an off-site computer.  Once the information is received and stored
by a computer, it can be analyzed using a number of commercially-available data
analysis and spreadsheet software packages.  The TEOMCOMM software described
in Section 6.5 provides a convenient way to download data either directly or over a
modem.

Please note that the default specification for the RS-232 port of the monitor is as shown
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below.  These defaults may be changed by setting the switches described in Appendix
C.2 to the appropriate settings.

Baud Rate 9600
Word Length 8
Stop Bits 1
Parity None

Instructions for making a direct connection to a computer and through a modem to a
computer are provided below.

6.2.1. CONNECTING DIRECTLY TO A COMPUTER

Follow the steps below to connect the instrument directly to a computer
to download stored or real-time serial information:

1) Connect the IBM AT-compatible computer to an RS-232 port using
the provided 9-to-9 Pin Computer Cable(07-000587).  If the com-
puter has a 25-pin RS-232 port, use the 9-to-9 Pin Computer
Cable in combination with the 9-to-25 Pin Computer Adapter (51-
001079) supplied with the monitor.

NOTE:  Make sure that the unused RS-232 port on the instrument is not attached
to any cable or other device.

2) Execute a communications program such as TEOMCOMM to
download data.

3) Ensure that the communications software is set for the same
communication parameters as the instrument.  The default set-
tings of the monitor are 9600 baud, 8 bit word length, 1 stop bit
and no parity.  Refer to Appendix C.2 if you suspect that these
parameters have been changed in the instrument.

4) Set the communications software into the appropriate mode, such
as the “data capture” mode available in many commercial soft-
ware packages.

5) Change the RS-232 Mode on the control unit to the desired setting
using the Set RS-232 Mode Screen (Figure 6-1).  If you are using a
two-way RS-232 protocol such as the R&P Protocol, AK Protocol
or German Ambient Network Protocol, enter the appropriate
parameters in the Com 2-Way Settings Screen (Figure 6-3).

NOTE:  If you are using the TEOMCOMM software, select the AK Protocol in
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the Set RS-232 Mode Screen, and enter the following values on the four lines of
the Com 2-Way Settings Screen (defaults):

RS-Para 1 52

RS-Para 2 75048

RS-Para 3 13010

RS-Para 4 0

6) Test the connection by checking that data can be sent and re-
trieved using the commands appropriate to the selected RS-232
protocol.

6.2.2. CONNECTING TO A COMPUTER THROUGH A MODEM

Modem communication is accomplished when the Series 1400a monitor is connected
to a modem at a remote monitoring site and a computer is connected to a compatible
modem at a central station.  A number of steps, as described below, should be
performed before the instrument is installed in the field.

NOTE:  R&P recommends that identical modem models be
used at the remote site and computer's location.  This
prevents any configuration conflicts from occurring be-
tween the modems.

Perform the following steps before bringing the instrument to the field:

1) Determine the appropriate baud rate at which communication will
take place.  This is found by determining the lowest baud rate of
the communications hardware employed in the system.  If one
modem operates at 1200 baud and the other at 2400 baud, the
baud rate used for communications should be set to 1200.  Addi-
tionally, the Series 1400a monitor is usually not operated at a
baud rate higher than 9600.

2) Change the baud rate setting of the instrument to the rate select-
ed in step 1 above.  The default setting of the monitor is 9600
baud.  Follow the steps below to change the baud rate of the
instrument:

3) Turn off power to the instrument.

4) Remove the cover of the control unit and locate the baud rate
headers on the system's mother board.
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5) Using a set of needle nose pliers, remove the jumper from its
current position on the header labelled “COM0001” and place it in
the correct position next to the desired baud rate.

NOTE:  Do not change the position of the jumper labelled “COM0002.”

6) Replace the cover of the instrument.

7) Restore power to the unit.

8) Connect the instrument for direct  communications (Section 6.2.1)
with a computer, confirming that this works before making use of
any modems.

Perform the following steps to incorporate modems in instrument
communications:

1) Set up the Series 1400a monitor at the desired monitoring location
as described in Section 2.

2) Locate the 9-to-25 Pin Modem Cable (51-002814) provided with the
instrument.

3) Connect the cable set to an RS-232 port of the instrument on one
end and to the modem on the other.

4) Select the desired RS-232 mode in the instrument (Figure 6-1),
and enter the appropriate RS-232 parameters in the Com 2-Way
Settings Screen (Figure 6-3).

NOTE:  If you are using the TEOMCOMM software, select the AK Protocol
(Figure 6-1) and enter the following settings on the Com 2-Way Settings Screen
(Figure 6-3):

RS-Para 1 52

RS-Para 2 75048

RS-Para 3 13010

RS-Para 4 0

5) Ensure that the modem is set to “Auto Answer” mode.  Refer to
the operating manual of the modem for instructions to make this
change, as well as for other settings that must be made.

6) Upon returning to the central station where the computer and
other modem are installed, run the communications software.
Test the connection by ensuring that data can be sent to and
retrieved from the instrument.
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6.3. DOWNLOADING STORAGE TO THE RS-232 PORT

The instrument allows the user to download information stored in the internal data
logger under direction from the keypad.  The Store to Print Mode is designed to
transmit information to a serial printer, in that it outputs a new record only every 2
seconds.  The Fast Store Out Mode, on the other hand, transmits data at a substantially
faster rate, and is appropriate for use with a personal computer or other serial data
recording device.  Additionally, data transmitted through the Fast Store Out Mode are
delimited by commas for simplified use in spreadsheet programs.

NOTE:  The responsiveness of the keypad to user inputs is
diminished when the instrument is in the Fast Store Out
Mode due to the high rate at which the RS-232 port is
serviced.  This does not have any effect, however on the
collection, calculation or storage of instrument data.

To download data under keypad control, select the Store to Print or Fast Store Out
Mode from the Set RS-232 Mode Screen (Figure 6-1).  The device immediately begins
to transmit data through the RS-232 connectors once one of these modes is chosen.
Therefore, to capture all of the desired data it is important to connect the computer or
serial recording device before selecting the Fast Store Out or Store to Print Modes.

 When in these modes, the monitor transmits all stored data from the present location
of the storage-to-print pointer (usually where the last download left off) through the
last value stored in the internal data logger.  If the instrument is left in one of these
modes after it has transmitted the last record of the storage buffer, the monitor will
continue to transmit stored data to the RS-232 port as data points continue to be stored
in the internal data logger.  The rate at which information is stored in the internal data
logger is determined by the user in the Set Storage Screen (Section 4.11).

Once the end of the storage buffer is reached, it is highly advisable to return the
instrument to a different RS-232 Mode such as the None Mode.  This has the effect
of locating the store-to-print pointer just after the last data record transmitted.  If this
is done, the next download begins where the previous one left off.

The user can specify the location of the storage-to-print pointer manually.  This is done
from any RS-232 Mode by bringing the View Storage Screen onto the four-line
display (press <Store>).  Then use the navigational keys described in Section 4.11 to
display the record at which the storage-to-print pointer should reside.  With this record
displayed on the View Storage Screen, press <Ctrl><Last/First> to locate the storage-
to-print pointer just before this record.

✔  The storage pointer can
be moved manually.
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6.4. TWO-WAY RS-232 PROTOCOLS

The monitor directly supports three RS-232 protocols for the interchange of informa-
tion between a computer or data logger and the monitor:

R&P Protocol.  This setting supports the original R&P Protocol, and a
more flexible expanded protocol that has been developed since.  Using
these two R&P Protocols, the user can query the current value of any
program variable (Program Register Code, Appendix A).  The more
recent R&P Protocol gives the user substantial flexibility in defining the
length and content of the attention, data and station number codes.

AK Protocol.  This protocol was developed by the German automobile
industry to standardize the communication among instrumentation.  As
defined in the Series 1400a monitor, this protocol provides the user with
the greatest number of features.  Not only can the user retrieve the current
value of all system variables over RS-232, but the user can also change
the value of system parameters and download values stored in the
monitor's internal data logger in this mode.  The AK Protocol is used in
combination with the TEOMCOMM software described in Section 6.5.

German Ambient Network Protocol.  This is an older protocol that
restricts the user to receiving data about only one pre-selected system
variable.  R&P has extended this protocol somewhat by letting the user
define the Series 1400a monitor as a station instrumented with up to 3
analyzers, thus allowing for the transmission of up to 3 predetermined
system variables in each response transmission.

Certain parameters such as the attention code, location number and station number
must be entered by the user before any of the three above protocols can be used.  This
is done in the Com 2-Way Settings Screen (Figure 6-3), which contains four lines of
RS-232 parameters (RS-Para 1 to RS-Para 4).  The definition of these parameters
depends upon which RS-232 protocol is selected.  To reach this screen, press <Step
Screen><Step Screen> when in the Set RS-232 Mode Screen, or <Step Screen> when
in the Com Print Settings Screen.  Alternately, type 07<Enter> from any screen to
access this display.

To transmit data from the instrument over a modem, use the 9-to-25 Pin Modem Cable
(51-002814).

✔  R&P recommends using
the AK Protocol to commu-
nicate with the Series 1400a
monitor.
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COM 2-WAY SETTINGS SCREEN
(Screen 07)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 COM 2-WAY SETTINGS ➡ N/A N/A N/A N/A

RS-Para 1 >       52 ➡ N/A 1, 2, 3, 4, S, X 0 N/A ASCII for up to 3 chars.

RS-Para 2      75048 ➡ N/A 1, 2, 3, 4, S, X 0 N/A ASCII for up to 3 chars.

RS-Para 3      13010 ➡ N/A 1, 2, 3, 4, S, X 0 N/A ASCII for up to 3 chars.

RS-Para 4          0 ➡ N/A 1, 2, 3, 4, S, X 0 N/A ASCII for up to 3 chars.

To enter this screen, press:
     <RS232><Step Screen><Step Screen>, or
     07 <Enter>

    Next screen (using <Step Screen>):
         Set RS-232 Mode Screen (Screen 05)-
         Com Print Settings Screen (Screen 06)-
         Com 2-Way Settings Screen (Screen 07)

Figure 6-3.  Com 2-Way
Settings Screen. 6.5. TEOMCOMM SOFTWARE

TEOMCOMM is a communications software package developed by R&P to provide
interactive remote communication with the Series 1400a monitor.  This includes
downloading data stored in the instrument, and retrieving and setting instrument
operating parameters.

TEOMCOMM has two operating modes–direct and modem.  The direct mode is
accomplished when a computer is linked directly to the instrument through the
provided 9-to-9 Pin Computer Cable (07-000587) with or without the 9-to-25 Pin
Computer Adapter (51-001079).  The modem mode is used when the instrument at a
remote site is linked to a computer located at a different site through a modem.

The Series 1400a monitor is usually set to the AK Protocol (Figure 6-1) when the
TEOMCOMM software is used, and must always be in this mode when communicat-
ing through a modem.  When the instrument is operated with this protocol, the
communications settings in the Com 2-Way Settings Screen (Figure 6-3) should be set
as follows (default):

RS-Para 1 52
RS-Para 2 75048
RS-Para 3 13010
RS-Para 4 0

✔  Set the instrument to the
AK Protocol when operating
the TEOMCOMM software.
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The only occasion when the instrument is not operated in the AK Protocol while the
TEOMCOMM software runs is when data are downloaded from the instrument under
keypad control using the Fast Storage Out command.

6.5.1 LOADING TEOMCOMM SOFTWARE ONTO A HARD DISK

The TEOMCOMM software runs best on an IBM AT-compatible  computer with a
hard disk.

Execute the following procedure to load the program onto a hard disk:

1) Create a subdirectory named “TEOMCOMM” on the hard disk by
typing the following at the MS-DOS prompt:

MD C:\TEOMCOMM  <Enter>

2) Insert the 3 1/2" diskette supplied with the Series 1400a monitor
into diskette drive x of the computer, where x is the letter repre-
senting the 3 1/2" drive.

3) Copy the program files into the newly-created subdirectory by
typing the following command at the MS-DOS prompt:

COPY X:TEOMCOMM.* C:\TEOMCOMM  <Enter>

This copies the files named TEOMCOMM.EXE and
TEOMCOMM.CFG onto the hard disk.  Both of these files are
required for program execution.

6.5.2. RUNNING THE TEOMCOMM SOFTWARE

Execute the following steps to execute the TEOMCOMM software:

1) Make sure that your computer is logged to the proper directory
and subdirectory (C:\TEOMCOMM) for program execution.  If
necessary, enter the following commands at the MS-DOS prompt:

C:  <Enter>

CD \TEOMCOMM  <Enter>

2) Run the software by typing the following command:

TEOMCOMM  <Enter>

TEOMCOMM /M  <Enter> (monochrome monitors)

TEOMCOMM /T #  <Enter> (allow # second delay time, 0.5 default)
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TEOMCOMM /D  <Enter> (creates SESSION.LOG file for debugging)

The main screen of the TEOMCOMM software (Figure 6-4) appears
after some time has passed.

6.5.3. INSTRUMENT SOFTWARE CONFIGURATION

With the exception of the Fast Storage Out command described below, the Series
1400a monitor must operate RS-232 mode named “AK Protocol” (Figure 6-1).  In
addition, the first three paramters shown on the Com 2-Way Settings Screen (Figure
6-3) must be set to non-zero values.  R&P recommends the following entries in the four
lines of this screen:

RS-Para 1 52 i.e., station 4
RS-Para 2 75048 i.e., channel K0
RS-Para 3 13010
RS-Para 4 0

The choice of the AK Protocol and the entry of parameters in the Com 2-Way Settings

+----------------------------   TEOMCOMM v1.3A    -----------------------------+
¦                                                                              ¦
¦                       Request the value of a register                        ¦
¦                                                                              ¦
¦                        Modify the value of a register                        ¦
¦                                                                              ¦
¦                             Set instrument mode                              ¦
¦                                                                              ¦
¦                               Download storage                               ¦
¦                                                                              ¦
¦                             Set storage pointer                              ¦
¦                                                                              ¦
¦                               Fast Storage Out                               ¦
¦                                                                              ¦
¦                                 Exit program                                 ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
+------------------------------------------------------------------------------+
 F1 Help    F2 Comm Config    F3 Set Station    F4 Options    Alt-D Dial

Figure 6-4.  Main Screen of
TEOMCOMM Software.
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Screen must be made in the instrument before the TEOMCOMM software can be
used.

6.5.4. SETTING THE STATION AND CHANNEL NUMBERS

The RS-232 parameters entered in the Series 1400a monitor above must be known to
the TEOMCOMM software for communication to take place correctly.  Press <F3>
on the computer keyboard to view the values currently stored by the program.  After
the user takes this action, the computer displays the alphanumeric settings for the
station number (RS-Para 1 above) and channel number (RS-Para 2 above).  The
computer prompts the user to enter a new station number (default is “4”) and channel
number (default is “K0”).  Please note that all letters entered must be capitalized, and
that the letter “K” is followed by a zero.

6.5.5. SETTING COMMUNICATION PARAMETERS

Prior to executing any of the TEOMCOMM commands, the communication param-
eters of the program must be configured properly to ensure that the instrument can
transmit and receive data correctly.  The Set Communication Parameter Screen

+---------------------------   TEOMCOMM v1.3A    ------------------------------+
¦                                                                              ¦
¦               Baud                 Parity              Data                  ¦
¦                                                                              ¦
¦             [ ] 1200             [*] None            [ ] 7 bits              ¦
¦             [ ] 2400             [ ] Even            [*] 8 bits              ¦
¦             [ ] 4800             [ ] Odd                                     ¦
¦             [*] 9600                                                         ¦
¦                                                                              ¦
¦                                                                              ¦
¦               Stop          Hardware Handshake     Flow Control              ¦
¦                                                                              ¦
¦             [*] 1 bit            [*] None            [*] None                ¦
¦             [ ] 2 bits           [ ] CTS and DSR     [ ] XON/XOFF            ¦
¦                                  [ ] CTS Only                                ¦
¦                                  [ ] DSR Only                                ¦
¦                                                                              ¦
¦                                                                              ¦
¦             Connection          Com Port          Phone (if modem)           ¦
¦                                                                              ¦
¦             [ ] Direct           [ ] COM1      [0                   ]        ¦
¦             [*] Modem            [*] COM2      [                    ]        ¦
¦                                                                              ¦
+------------------------------------------------------------------------------+
 F2 Save Changes

Figure 6-5.  Set Communi-
cation Parameter Screen of
TEOMCOMM Software.
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(Figure 6-5) is accessed from the main TEOMCOMM screen by pressing <F2> on the
keyboard of the computer.  The original configuration of the TEOMCOMM software
matches the default settings of the Series 1400a monitor.  If changes need to be made
for communications with a modem, the Baud, Connection, Com Port and Phone fields
are usually the only ones that require modification.

Perform the following procedure to modify the set point of a communi-
cation parameter:

1) Move the cursor to the desired parameter field using the left and
right arrow keys on the computer keyboard.

2) Move the cursor to the desired parameter value using the up and
down arrows on the computer keyboard.

3) Press the <Space Bar> key to select the current value for the
chosen parameter.  This action places a “*” next to the new set
point.

4) Once all the desired changes are made to the communication
parameters, press <F2> on the computer keyboard to save these
changes and exit from the Set Communication Parameter Screen.

The following text describes the communication parameters in detail.

6.5.5.1. BAUD RATE

This parameter sets the baud rate for communication.  When the instrument is
connected directly to a computer, this figure should be set to the baud rate at which
the instrument is jumpered (9600 by default).  Refer to Appendix C.2. if you suspect
that the baud rate of the monitor has been changed.

If the Series 1400a monitor is connected to a computer through a modem, the value
for Baud Rate must be set to the lowest setting of the following three values:  1) the
maximum baud rate of the modem used with the instrument; 2) the maximum baud rate
of the modem used with the computer; and 3) the usual communication rate of the
instrument, 9600 baud.  The maximum baud rate supported by the TEOMCOMM
software is 19200 baud.

✔  The communication
parameters of the Series
1400a monitor and the
TEOMCOMM software must
match.
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6.5.5.2. PARITY

This parameter sets the system parity.  Parity is used to check that each byte is
transmitted properly.  The default setting for the Series 1400a monitor is “None.”
Appendix C.2 contains instructions for changing this parameter in the monitor.

6.5.5.3. DATA

This parameter sets the number of data bits.  This is the number of bits from the start
to stop of a line of transmission.  The default setting for the Series 1400a monitor is
8 bits.  Appendix C.2 contains instructions for changing this parameter in the monitor.

6.5.5.4. STOP

This parameter sets the number of stop bits.  The stop bit follows each byte of data
transmitted to mark the end.  The default setting for the Series 1400a monitor is 1 stop
bit.  Appendix C.2 contains instructions for changing this parameter in the monitor.

6.5.5.5. HARDWARE HANDSHAKE

This parameter sets the hardware handshaking, managing the flow control of data at
the hardware level.  The default setting for the Series 1400a monitor is “None.”
Appendix C.2 contains instructions for changing this parameter in the monitor.

6.5.5.6. FLOW CONTROL

This parameter sets the software flow control.  Software flow control paces the
transfer of data to prevent characters from being lost.  The default setting for the Series
1400a monitor is “None.”  Appendix C.2 contains instructions for changing this
parameter in the monitor.

6.5.5.7. CONNECTION

This parameter sets the mode of communication.  TEOMCOMM has two communi-
cation modes:  Direct and Modem.  The Direct mode must be selected when the
instrument is connected directly to a computer.  The Modem mode is designed to link
the monitor to a computer through modem communication.
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6.5.5.8. COM PORT

This parameter identifies the communication port on the computer to which the
instrument is connected (Direct mode), or to which the modem is connected (Modem
mode).  The “Connection” parameter described above determines the current commu-
nication mode of the TEOMCOMM software.  The TEOMCOMM software supports
communication port settings 1, 2, 3, and 4.

6.5.5.9. PHONE

This parameter is used by the TEOMCOMM software only when it operates in its
Modem mode.  The information entered in the Phone field consists of the full
telephone number, including any applicable prefix, necessary to call the instrument
through a modem.  The user may enter a maximum of 40 characters.  This field accepts
the following characters:

0 to 9 Any number may be entered as part of the telephone
number.

, A comma may be entered to cause a delay during
dialing.

6.5.6. DIALING A NUMBER AND TRANSMITTING SPECIAL CODES

The TEOMCOMM software allows the user to enter the telephone number to be
called, and also to send a string of characters to set up a “black box” or other
intermediate device.

6.5.6.1. DIALING A NUMBER

Perform the following steps to dial a number using the TEOMCOMM
software:

1) From the main screen of the TEOMCOMM software, press <F2> on
the computer keyboard to bring up the Set Parameter Screen
(Figure 6-5).

2) If necessary, enter the telephone number in the appropriate field
(Section 6.5.5.9).

3) Press <F2> on the computer keyboard again to save any changes
made and return to the main screen.

✔  A telephone number
must be entered in the
TEOMCOMM software to
establish a modem link.
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+--------------------------   TEOMCOMM v1.3A    -------------------------------+
¦                                                                              ¦
¦              Header                                       Trailer            ¦
¦              [000]                                        [000]              ¦
¦              [000]                                        [000]              ¦
¦              [000]                                        [000]              ¦
¦              [000]                                        [000]              ¦
¦              [000]                                        [000]              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
¦                                                                              ¦
+------------------------------------------------------------------------------+
 F1 Main    F2 Save Changes    F3 Send Header    F4 Send Trailer

Figure 6.6.  Send String
Screen of TEOMCOMM
Software.

4) Press <Alt><D> on the computer keyboard (hold down <Alt> and
press once on <D>).  The software disables the menu while the
telephone number is dialed.

5) After a link is established, the software displays a message indi-
cating that the modem is connected.  The software then
re-enables the menu for command processing.  The call is
aborted if no connection is made within 60 seconds of dialing.

The software breaks the connection with the phone line when the user exits from
TEOMCOMM.

6.5.6.2. SENDING HEADER AND TRAILER CODES

Press <F4> on the computer keyboard to define and send a string of characters through
the computer's RS-232 port.   The user may define and send both a header and trailer
string in the dialog box that appears after pressing <F4>  on the computer (Figure 6-
6).
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6.5.7. TEOMCOMM COMMANDS

The main screen (Figure 6-4) contains a listing of the commands available in the
TEOMCOMM software.  To execute a command, use the arrow keys on the
computer's keyboard to highlight the command title and press the computer's <Enter>
key.  Each command will prompt you for any additional information required.  The
following text explains how each command functions in detail.

6.5.7.1. REQUESTING THE VALUE OF A REGISTER

This command returns the value of a requested Series 1400a system variable.  When
the user chooses this command, a prompt appears asking for the variable's Program
Register Code (Appendix A).  After the Program Register Code is entered, the current
value of the variable is displayed on the screen.

6.5.7.2. MODIFYING THE VALUE OF A REGISTER

This command modifies the value of a system variable.  When the user chooses this
command, a prompt appears asking for the Program Register Code of the variable to
be changed (Appendix A).  Once the Program Register Code is entered, the user is
prompted for the new value.  After the user enters the new value, a confirming output
appears showing the Program Register Code and the new value stored in the
instrument.

6.5.7.3. SETTING THE INSTRUMENT OPERATING MODE

This command allows the user to change the operating mode of the instrument.  When
“Set Instrument Mode” is chosen, a prompt appears asking for the new operating
mode.  After a new value is entered (see below), a confirmation statement appears
confirming that the instrument operating mode was successfully changed.  The
operating mode choices are as follows:

1 This entry puts the instrument into the Run Mode.  This simulates the
<Run> or <F1> keys on the instrument keypad.

2 This entry puts the instrument into Setup Mode.  It simulates pressing the
<Data Stop> key on the monitor's keypad.

3 This entry puts the instrument into the Stop All Mode.  This command
simulates the <Stop All> key on the instrument keypad.

✔  Set the storage pointer
(Section 6.5.7.5) to the
desired location before
executing the Download
Storage Command.
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4 Entering this number toggles Analog Output 1 between its native mode
and its use as a Status Watch Indicator.  This key press simulates the <F5>
key on the instrument keypad.

6.5.7.4. DOWNLOADING STORAGE

This command allows the user to download the records stored in the internal data
logger of the Series 1400a monitor beginning at the current location of the storage
pointer and ending at the most recent record.  When “Download Storage” is chosen,
a prompt appears asking the user to enter the number of records to download or to enter
“A” to download all available records.  If a number is entered that is greater than the
number of records present between the current pointer location and the end of the
buffer, all records following the storage pointer are downloaded.

After a number or “A” is entered, a prompt appears requesting a file name for data
storage.  Once the user enters an MS-DOS compliant file name, the appropriate
number of records are downloaded and saved on the hard disk.  A confirmation also
appears showing the number of records saved to the file.

NOTE:  After data are downloaded, the storage pointer is
positioned just after the last record transmitted.  Therefore,
the next time data are requested the old data are not repeated.
The position of the storage pointer must be changed by using
the Set Storage Pointer command described below if data are
to be downloaded a second time.

6.5.7.5. SETTING THE STORAGE POINTER

The “Set Storage Pointer” command allows the user to change the location of the
storage pointer in the instrument's internal data logger.  When this command is
executed, the program displays the current location of the pointer and then prompts
for a new pointer position.  The allowable user inputs are as follows:

B This entry moves the storage pointer to the begin-
ning of the circular storage buffer, i.e. to the oldest
record in the data logger.

E This entry moves the storage pointer to the end of the
circular storage buffer, i.e. to the newest record in
the data logger.

✔  The location of the
storage pointer may be
changed remotely.
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positive number Entering a positive number causes the storage point-
er to advance by the entered number of records
toward the end of the storage buffer.  This command
moves the storage pointer forward in time.

negative number Entering a negative number causes the storage pointer
to move backward by the entered number of records
toward the beginnning of the storage buffer.  This
command moves the storage pointer backward in
time.

After the user has entered one of the above options, the software confirms the proper
execution of the command by showing the contents of the data at the new location of
the storage pointer.

6.5.7.6. FAST STORAGE OUTPUT

The “Fast Storage Out” command allows the user to download records stored in the
buffer using the RS-232 Mode named “Fast Store Out.”  This procedure can only be
used if the computer is connected directly to the instrument, i.e. it is not available for
use with a modem.

Similar to the Download Storage command, the Fast Storage Output procedure
downloads data stored in the monitor's internal data logger beginning at the storage
pointer and ending at the most recent record.  The location of the storage pointer may
be changed by executing the “Set Storage Pointer” command described above.  After
the user chooses the “Fast Storage Output” command, a prompt appears requesting a
file name for data storage.  After the user enteres an MS-DOS compatible name, the
TEOMCOMM software prompts the user to change the RS-232 mode of the Series
1400a monitor to “Fast Storage Out” (Figure 6-1).  Once the records are downloaded,
a confirmation statement appears showing the number of records saved to the file.
Note that the user should immediately change the RS-232 mode of the instrument to
a different mode once the download is complete, for example to the “None” or “AK
Protocol” modes.

6.5.7.7. EXIT PROGRAM

This command ceases program execution, returning the user to the MS-DOS prompt.
If modem communication was established during the operating of the program, this
link is automatically broken before the TEOMCOMM software ceases execution.

✔  The TEOMCOMM
software breaks any existing
communication links when
the user exits the program.
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6.6. R&P PROTOCOL

The instrument supports the original R&P Protocol supplied with the Series 1400
monitor, as well as a similar, more versatile protocol introduced with the Series 1400a
monitor.  To maintain backward compatability, all of the important system variables
(Program Register Codes, Appendix A) have the same numeric codes in the Series
1400a monitor as in the Series 1400 monitor.  The following pages show the manner
in which RS-Para 1 to RS-Para 4 are defined for the original and new R&P Protocols,
and also detail the format of the transmission and response messages.

✔  Both R&P protocols have
been superceded in their
capabilities by the AK
Protocol (Section 6.7).
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R&P Protocol -- Original

COM 2-WAY SETTINGS

RS-Para 1 1 Enter 1 to select Original R&P Protocol.

RS-Para 2 42068 ASCII code for Attention Character (for example "*": 042).
ASCII code for Data Character (for example "D": 068).

RS-Para 3 52 ASCII code for Station Number (for example "4": 052).

RS-Para 4 13010 Optional:  Up to 3 ASCII codes can be added to response from instrument.  In this case, <CR> and <LF>
(ASCII codes 013 and 010) are appended to the response.  Enter 0 if nothing is to be appended.

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

1 * Attention character, RS-Para 2. 1 D D Data character, RS-Para 2.

2 D Data character, RS-Para 2. 2 <space> <space> Space.

3 4 Station Number, RS-Para 3. 3 4 4 Station Number, RS-Para 3.

4 ASCII 057 PRC of variable, 30-Min Ave MC. 4 <space> <space> Space.

5 <CR> Any non-digit termination character. 5 0 9
3-digit PRC of the variable being
transmitted, zero-filled from the left.6 6 5 9

7 7 7 9

8 8 <space> <space> Space.

9 9 <space> <space>

11-digit value of the variable being
transmitted, space-filled from the
left.

10 10 <space> <space>

11 11 <space> <space>

12 12 <space> <space>

13 13 <space> <space>

14 14 <space> <space>

15 15 <space> <space>

16 16 6 <space>

17 17 3 <space>

18 18 . <space>

19 19 7 0
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R&P Protocol -- Original (continued)

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

20 20 <space> <space> Space.

21 21 <space> <space>
Sum of digits in value of the
variable, space-filled from the left.22 22 1 <space>

23 23 6 0

24 24 <CR> <CR> Up to 3 digits appended to the end
of the response transmission,
according to the entry for RS-Para
4.

25 25 <LF> <LF>

26 26

27 27

28 28

29 29

30 30

31 31

32 32

33 33

34 34

35 35

36 36

37 37

38 38

39 39

40 40

41 41

42 42

43 43

44 44

45 45

46 46
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R&P Protocol -- New

COM 2-WAY SETTINGS

RS-Para 1 42
ASCII code for Attention Char String (for example "*": 042).  The Attention Char String may be up to 3
characters long (for example "*!>": 042, 033, 062).  The Attn Char String must be at least 1 character
long.

RS-Para 2 68 ASCII code for Data Char String (for example "D": 068).  The Data Char String may be up to 3 characters
long (for example "DAT": 068, 065, 084).  The Data Char String must be at least 1 character long.

RS-Para 3 48048049 ASCII code representation of the Station Number (for example "001": 048, 048, 049).  The Station
Number may be 1 to 3 characters in length (for example "5": 053).

RS-Para 4 13010 Optional:  Up to 3 ASCII codes can be added to response from instrument.  In this case, <CR> and <LF>
(ASCII codes 013 and 010) are appended to the response.  Enter 0 if nothing is to be appended.

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

1 * Attention Char String, between 1
and 3 characters in length as
defined by RS-Para 1.  Do not
right-fill if the Attention Char String
is less than 3 characters long.

1 D D Data Char String, between 1 and 3
characters in length as defined by
RS-Para 2.  It is not right-filled if the
Data Char String is less than 3
characters long.

2 2

3 3

4 D Data Char String, between 1 and 3
characters in length as defined by
RS-Para 2.  Do not right-fill if the
Data Char String is less than 3
characters long.

4 <space> <space> Space.

5 5 0 0 Station Number, between 1 and 3
characters in length as defined by
RS-Para 3.  It is not right-filled if the
Station Number is less than 3
characters long.

6 6 0 0

7 <space> Space. 7 1 1

8 0 Station Number, between 1 and 3
characters in length as defined by
RS-Para 3.  Do not right-fill if the
Station Number is less than 3
characters long.

8 <space> <space> Space.

9 0 9 <space> 9
3-digit PRC of the variable being
transmitted, space-filled from the
left.  Always 3 bytes in length.

10 1 10 5 9

11 <space> Space. 11 7 9

12 5 PRC of the variable to be
transmitted, between 1 and 3 bytes
in length.  Do not right-fill if the PRC
is less than 3 bytes long.

12 <space> <space> Space.

13 7 13 <space> <space>

11-digit value of the variable being
transmitted, space-filled from the
left.

14 14 <space> <space>

15 <CR> <CR> or non-digit termination char. 15 <space> <space>

16 16 <space> <space>

17 17 <space> <space>

18 18 <space> <space>

19 19 <space> <space>
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R&P Protocol -- New (continued)

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

20 20 6 <space>

Continuation of 11-digit value.
21 21 3 <space>

22 22 . <space>

23 23 7 0

24 24 <space> <space> Space.

25 25 <space> <space>
Sum of digits in value of the
variable, space-filled from the left.26 26 1 <space>

27 27 6 0

28 28 <CR> <CR> Up to 3 digits appended to the end
of the response transmission,
according to the entry for RS-Para
4.

29 29 <LF> <LF>

30 30

31 31

32 32

33 33

34 34

35 35

36 36

37 37

38 38

39 39

40 40

41 41

42 42

43 43

44 44

45 45

46 46
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6.7.6.7.6.7.6.7.6.7. AK PAK PAK PAK PAK P ROTOCOLROTOCOLROTOCOLROTOCOLROTOCOL

The AK Protocol is the most powerful RS-232 mode in the Series 1400a monitor.  It
not only allows the user to query the present value of any system variable remotely,
but also permits the user to change the values of system variables and download
information from the internal data logger.  The TEOMCOMM software from R&P
uses this protocol for two-way communication directly to a computer or through a
modem.  The following commands of the AK Protocol are presented in detail in the
following pages:

AREG Ask Register Command.  This allows the user to query the Series
1400a monitor for the current value of any system variable
(Program Register Code, Appendix A).

EREG Enter Register Command.  This allows the user to assign a new
value to any system variable.  Great care must be exercised in
using this command, as the value of variables should only be
changed when the monitor is in the appropriate operating mode.

SFxx Set Function xx Command.  This allows the user to send
commands such as <Run> and <Data Stop> to the instrument.
Each command is designated with a two-digit code, xx.

ASTO Ask Storage Command.  This allows the user to download a
specified number of records from the internal data logger from
the current position of the AK storage pointer.  The location of
this storage pointer may be defined by the SSTO command.  The
values on each line of output are delimited by commas.

SSTO Set Storage Command.  This allows the user to change the
location of the AK storage pointer in the internal data logger, and
is used in conjunction with the ASTO command described
above.  The AK storage pointer is always located just following
the last record transmitted through the RS-232 port via the AK
Protocol.  If the circular buffer overwrites this location or if the
ASTO or SSTO commands have not been used, the AK storage
pointer resides at the oldest record in the internal data logger.

The following pages show the manner in which RS-Para 1 to RS-Para 4 are defined
in the AK Protocol, and also detail the format of the transmission and response
messages of the commands listed above.

✔  R&P strongly recom-
mends using the AK
Protocol for RS-232
communication with the
Series 1400a monitor.

✔  The ASTO and SSTO
commands are used in
combination to download
data remotely.
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AK Protocol

Ask Register Command (AREG)

COM 2-WAY SETTINGS

RS-Para 1 52 ASCII code for the 1-digit Station Number (for example "4": 052).  The Station Number is always 1 digit in
length.

RS-Para 2 75048 ASCII code representation of the 2-digit Channel Number (for example: "K0": 075, 048).  The Channel
Number is always 2 digits in length.

RS-Para 3 13010 Optional:  Up to 3 ASCII codes can be added to response from instrument.  In this case, <CR> and <LF>
(ASCII codes 013 and 010) are appended to the response.  Enter 0 if nothing is to be appended.

RS-Para 4 0 Not used.

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

1 <STX> ASCII code 002. 1 <STX> <STX> ASCII code 002.

2 4 1-digit Station Number, RS-Para 1. 2 4 4 1-digit Station Number, RS-Para 1.

3 A

Ask Register command.  Enter the
Program Register Code of the
desired variable in bytes 21 to 23
below.

3 A A

4-digit Ask Register command.
4 R 4 R R

5 E 5 E E

6 G 6 G G

7 <space> Space. 7 <space> <space> Space.

8 K 2-digit Channel Number, as defined
by RS-Para 2.

8 0 0 Number of current status conditions.

9 0 9 <space> <space> Space.

10 <space> Space. 10 9 S Program Register Code of the
variable whose value is being
requested.  The PRC may be 1 to 3
characters long, and is not
right-filled in the response.

11 9 Program Register Code of the
variable whose value is being
requested.  The PRC may be up to
3 digits long.  Do not right-fill if the
PRC is less than 3 characters long.

11 E

12 12 <ETX>

13 13 <space> <CR> Space.

14 <ETX> ASCII code 003. 14 9 <LF>

Current value of the variable
referenced by the Ask Register
command.

NOTE:  This value can be of varying
length.

15 15 7

16 16 4

17 17 .

18 18 3

19 19 8
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AK Protocol

Ask Register Command (AREG) (continued)

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

20 20 <ETX> ASCII code 003.

21 21 <CR> Up to 3 digits appended to the end
of the response transmission,
according to the entry for RS-Para
3.

22 22 <LF>

23

Description of Status Codes (PRC 041)

1  Mass Transducer
2  Temperature
4  Flow Rate
8  Filter Exchange

23

24 24

25 25

26 26

27 27

28 28

29 29

30 30

31 31

32 32

33 33

34 34

35 35

36 36

37 37

38 38

39 39

40 40

41 41

42 42

43 43

44 44

45 45

46 46



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 6:  SERIAL OUTPUT AND TWO-WAY COMMUNICATION PAGE 6-29

Revision B.001

AK Protocol

Enter Register Command (EREG)

COM 2-WAY SETTINGS

RS-Para 1 52 ASCII code for the 1-digit Station Number (for example "4": 052).  The Station Number is always 1 digit in
length.

RS-Para 2 75048 ASCII code representation of the 2-digit Channel Number (for example: "K0": 075, 048).  The Channel
Number is always 2 digits in length.

RS-Para 3 13010 Optional:  Up to 3 ASCII codes can be added to response from instrument.  In this case, <CR> and <LF>
(ASCII codes 013 and 010) are appended to the response.  Enter 0 if nothing is to be appended.

RS-Para 4 0 Not used.

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

1 <STX> ASCII code 002. 1 <STX> <STX> ASCII code 002.

2 4 1-digit Station Number, RS-Para 1. 2 4 4 1-digit Station Number, RS-Para 1.

3 E

Enter Register command.  Enter the
Program Register Code in bytes 21
to 23 below, and the new value of
the variable in bytes

3 E E

4-digit Enter Register command.
4 R 4 R R

5 E 5 E E

6 G 6 G G

7 <space> Space. 7 <space> <space> Space.

8 K 2-digit Channel Number, as defined
by RS-Para 2.

8 0 0 Number of current status conditions.

9 0 9 <space> <space> Space.

10 <space> Space. 10 6 S Program Register Code of the
variable whose value was entered.
The PRC may be 1 to 3 characters
long, and is not right-filled in the
response.

11 6 Program Register Code of the
variable whose value is being
entered.  The PRC may be up to 3
digits long.  Do not right-fill if the
PRC is less than 3 characters long.

11 3 E

12 3 12 <ETX>

13 13 <ETX> <CR> ASCII code 003

14 <space> Space. 14 <CR> <LF> Up to 3 digits appended to the end
of the response transmission,
according to the entry for RS-Para
3.

15 2 New value to be entered for variable
referenced by Program Register
Code in bytes 11 to 13 above.

NOTE:  The value entered may be
of varying length, and is not
restricted to 4 bytes.

15 <LF>

16 3 16

17 8 17

18 0 18

19 <ETX> ASCII code 003. 19
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AK Protocol

Set Function Command (SFxx)

COM 2-WAY SETTINGS

RS-Para 1 52 ASCII code for the 1-digit Station Number (for example "4": 052).  The Station Number is always 1 digit in
length.

RS-Para 2 75048 ASCII code representation of the 2-digit Channel Number (for example: "K0": 075, 048).  The Channel
Number is always 2 digits in length.

RS-Para 3 13010 Optional:  Up to 3 ASCII codes can be added to response from instrument.  In this case, <CR> and <LF>
(ASCII codes 013 and 010) are appended to the response.  Enter 0 if nothing is to be appended.

RS-Para 4 0 Not used.

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

1 <STX> ASCII code 002. 1 <STX> 1)<STX> ASCII code 002.

2 4 1-digit Station Number, RS-Para 1. 2 4 4 1-digit Station Number, RS-Para 1.

3 S

Set Function command, where xx
represents a 2-digit code between
00 and 32.  These codes are
defined below.

3 S S

4-digit Set Function command, with
the 2-digit xx code corresponding to
the function that was set.

4 F 4 F F

5 x 5 x x

6 x 6 x x

7 <space> Space. 7 <space> <space> Space.

8 K 2-digit Channel Number, as defined
by RS-Para 2.

8 0 0 Number of current status conditions.

9 0 9 <ETX> <space> Space.

10 <ETX> ASCII code 003. 10 <CR> S Up to 3 digits appended to the end
of the response transmission,
according to the entry for RS-Para
3.

11 <LF> E

LISTING OF FUNCTION CODES (xx) 12 <ETX>

03
06
09
17
25
26

<Run>
<Data Stop>
<F1>
<F5>
<Stop All>
Set Time

13 <CR>

14 <LF>

15

To Set Time Remotely

1)  Ensure that the instrument is in the Stop Mode.
2)  Transmit the proper values in PRC's 2 to 6.
3)  Execute the SF26 command.

16

17

18

19



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 6:  SERIAL OUTPUT AND TWO-WAY COMMUNICATION PAGE 6-31

Revision B.001

AK Protocol

Ask Storage Command (ASTO)

COM 2-WAY SETTINGS

RS-Para 1 52 ASCII code for the 1-digit Station Number (for example "4": 052).  The Station Number is always 1 digit in
length.

RS-Para 2 75048 ASCII code representation of the 2-digit Channel Number (for example: "K0": 075, 048).  The Channel
Number is always 2 digits in length.

RS-Para 3 13010 Optional:  Up to 3 ASCII codes can be added to response from instrument.  In this case, <CR> and <LF>
(ASCII codes 013 and 010) are appended to the response.  Enter 0 if nothing is to be appended.

RS-Para 4 0 Not used.

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

1 <STX> ASCII code 002. 1 <STX> <STX> ASCII code 002.

2 4 1-digit Station Number, RS-Para 1. 2 4 4 1-digit Station Number, RS-Para 1.

3 A

Ask Storage command.  Enter the
number of records to be
downloaded from storage in bytes
11 to 13 below.

3 A A

4-digit Ask Storage command.
4 S 4 S S

5 T 5 T T

6 O 6 O O

7 <space> Space. 7 <space> <space> Space.

8 K 2-digit Channel Number, as defined
by RS-Para 2.

8 0 0 Number of current status conditions.

9 0 9 <space> <space> Space.

10 <space> Space. 10 3 S Records to be downloaded from
storage.  This can be smaller than
requested number due to end of file.
Storage marker moved to after last
record transmitted.  Not right-filled.

11 5 The number of records to be
downloaded from the instrument's
storage.  Downloading begins at the
storage marker, which can be set
using the SSTO command.

11 1 E

12 0 12 <ETX>

13 13 <ETX> <CR> ASCII code 003.

14 <ETX> ASCII code 003. 14 <CR> <LF> Up to 3 digits appended to the end
of the response transmission,
according to the entry for RS-Para
3.

15 15 <LF>

16 16

17 The instrument then transmits the number of storage
records shown in response bytes 10 to 12 above.  Each
record is followed by <CR><LF>.18

19
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AK Protocol

Set Storage Marker Command (SSTO)

COM 2-WAY SETTINGS

RS-Para 1 52 ASCII code for the 1-digit Station Number (for example "4": 052).  The Station Number is always 1 digit in
length.

RS-Para 2 75048 ASCII code representation of the 2-digit Channel Number (for example: "K0": 075, 048).  The Channel
Number is always 2 digits in length.

RS-Para 3 13010 Optional:  Up to 3 ASCII codes can be added to response from instrument.  In this case, <CR> and <LF>
(ASCII codes 013 and 010) are appended to the response.  Enter 0 if nothing is to be appended.

RS-Para 4 0 Not used.

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

1 <STX> ASCII code 002. 1 <STX> <STX> ASCII code 002.

2 4 1-digit Station Number, RS-Para 1. 2 4 4 1-digit Station Number, RS-Para 1.

3 S

4-digit Set Storage Marker
command.

3 S S

4-digit Set Storage Marker
command.

4 S 4 S S

5 T 5 T T

6 O 6 O O

7 <space> Space. 7 <space> <space> Space.

8 K 2-digit Channel Number, as defined
by RS-Para 2.

8 0 0 Number of current status conditions.

9 0 9 <ETX> <space> ASCII code 003.

10 <space> Space. 10 <CR> S Up to 3 digits appended to the end
of the response transmission,
according to the entry for RS-Para
3.

11 B New location of the Storage Marker.
B: move to beginning of storage
buffer, E: move to end of storage
buffer.  Enter positive numbers such
as 250 to move forward by n
records, and negative numbers such
as -1000 to move backwards by n
records.  Do not right-fill.

11 <LF> E

12 12 <ETX>

13 13 <CR>

14 14 <LF>

15 15

16 <ETX> ASCII code 003. 16

17 17

18 18

19 19
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AK Protocol

Response if Command Addressed to Instrument is Unrecognizable

COM 2-WAY SETTINGS

RS-Para 1 52 ASCII code for the 1-digit Station Number (for example "4": 052).  The Station Number is always 1 digit in
length.

RS-Para 2 75048 ASCII code representation of the 2-digit Channel Number (for example: "K0": 075, 048).  The Channel
Number is always 2 digits in length.

RS-Para 3 13010 Optional:  Up to 3 ASCII codes can be added to response from instrument.  In this case, <CR> and <LF>
(ASCII codes 013 and 010) are appended to the response.  Enter 0 if nothing is to be appended.

RS-Para 4 0 Not used.

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

1 1 <STX> ASCII code 002.

2 2 4 1-digit Station Number, RS-Para 1.

3 3 ?

Question marks inserted in place of
unrecognized command.

4 4 ?

5 5 ?

6 6 ?

7 7 <space> Space.

8 8 0 Number of current status conditions.

9 9 <space> Space.

10 10 S
Syntax error.

11 11 E

12 12 <ETX> ASCII code 003.

13 13 <CR> Up to 3 digits appended to the end
of the response transmission,
according to the entry for RS-Para
3.

14 14 <LF>

15 15

16 16

17 17

18 18

19 19
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6.8. GERMAN AMBIENT NETWORK PROTOCOL

R&P's implementation of the German Ambient Network Protocol allows the user to
request the value of 1, 2 or 3 predetermined system variables.  Due to the definition
of this protocol, it is not possible to select from a remote location which system
variable (Program Register Code, Appendix A) is to be queried.

The following pages show the manner in which RS-Para 1 to RS-Para 4 are defined
in the German Ambient Network Protocol, and also detail the format of the transmis-
sion and response messages.

✔  R&P recommends using
the German Network
Protocol only where it is
required.  Implement the AK
Protocol (Section 6.7) for
greatest flexibility.
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German Network Protocol

COM 2-WAY SETTINGS

RS-Para 1 56052053 ASCII codes for 3-digit Instrument Identifier (for example "845": 056, 052, 053).  The Instrument Identifier
must be 3 bytes in length.

RS-Para 2 48048049 ASCII codes for 3-digit Location ID (for example "001": 048, 048, 049).  The Location ID must be 3 bytes
in length.

RS-Para 3 8 PRC of the variable to be transmitted by the instrument.  Up to 3 PRC's may be designated for
transmission by the instrument (for example MC, 30-Min MC and TM: 008, 057, 009).

RS-Para 4 13010 Optional:  Up to 3 ASCII codes can be added to response from the instrument.  In this case <CR> and
<LF> (ASCII codes 013 and 010) are appended to the reponse.  Enter 0 if nothing is to be appended.

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

1 <STX> ASCII code 002. 1 <STX> <STX> ASCII code 002.

2 D The DA command signifies a
request for data from the
instrument.

2 M M Response identifier to the DA
command.3 A 3 D D

4 8
3-digit Instrument Identifier, as
defined by RS-Para 1.  These three
bytes are optional.

4 0 0 Number of variables transmitted by
the instrument, as specified by
RS-Para 3.  May be 01, 02 or 03.5 4 5 1 1

6 5 6 <space> <space> Space.

7 <ETX> ASCII code 003. 7 8 8

3-digit Instrument Identifier, as
defined by RS-Para 1.8 <CRC> High byte followed by low byte of

CRC.  The CRC's may be replaced
by a single <CR> character.

8 4 4

9 <CRC> 9 5 5

10 <space> <space> Space.

DEFINITION OF CRC BYTES 11 + or - +

Value of variable being transmitted,
in the format +NNNN+EE.

For example, a value of 63.7 is
represented as +0637-01.

If a syntax error exists or the value
of the variable is 0, the instrument
returns +0000+00.

The CRC bytes above (bytes 8 and 9) are the hexidecimal
representation of the "exclusive or" of bytes 1 to 7.  The
high byte of the CRC is transmitted as byte 8 and the low
byte is sent as byte 9.

12 n 0

13 n 0

14 n 0

15 n 0

16 + or - +

17 e 0

18 e 0

19 <space> <space> Space.
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German Network Protocol (continued)

Transmission to Instrument Response from Instrument

Byte Example Description B No Err Error Description

20 1 1 2-digit hexidecimal representation of
current instrument operating mode
(see description at left).CURRENT OPERATING MODE (Bytes 20, 21) 21 0 0

The two-digit hexidecimal representation of the current
operating mode is determined as follows:

22 <space> <space> Space.

23 0 0 2-digit hexidecimal representation of
current instrument status condition
(see description at left).Mode 1

Mode 2
Mode 3
Mode 4
Mode S
Mode X

2
4
8

10
0

20

(decimal 16)

(decimal 32)

24 0 0

25 <space> <space> Space.

26 0 0

3-digit Location ID, as defined by
RS-Para 2.27 0 0

28 1 1

29 <space> <space> Space.

30 0 9 3-digit PRC of the variable being
transmitted, zero-filled from the left.
These bytes are not defined in the
German Protocol, but are included
for informational purposes.

CURRENT STATUS CONDITION (Bytes 23, 24) 31 0 9

The two-digit hexidecimal representation of the current
status condition is computed by summing the numeric
values for all current status conditions.  Bytes 23 and 24
are both equal to 0 if no current status condition exists.

32 8 9

33 <space> <space>
These bytes are not defined in the
German Protocol, and are reserved
for future definition.

34 <space> <space>

0
1
2
4
8

OK
M
T
F
X

No current status conditions.
Mass Transducer.
Temperatures.
Flow Rates.
Exchange Filter.

35 <space> <space>

36 <space> <space> Space.

37 <ETX> <ETX> ASCII code 003.

38 <CRC> <CRC> High byte and low byte of CRC.
The CRC's are replaced by a single
<CR> if transmit byte 8 was <CR>.39 <CRC> <CRC>

40 <CR> <CR> Up to 3 digits appended to the end
of the response transmission,
according to the entry for RS-Para
4.

41 <LF> <LF>

DEFINITION OF CRC BYTES 42

The CRC information in bytes 38 and 39 is the hexidecimal
representation of the "exclusive or" of all response bytes.
The high byte of the CRC is transmitted as byte 38 and the
low byte is sent as byte 39.

NOTE ABOUT MULTIPLE PRC CODES

If more than 1 Program Register Code is specified in
RS-Para 3, byte 5 of the reponse transmission is either 2 or
3, and bytes 7 to 36 are repeated for each Program
Register Code.
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Section 7:  Periodic Maintenance

This Section describes the routine maintenance procedures for the TEOM Series
1400a PM-10 Monitor.

7.1. OVERVIEW OF MAINTENANCE PROCEDURES

The routine maintenance procedures recommended for the instrument are summa-
rized below:

                         Procedure                                     Recommended Interval

1) Clean PM-10 inlet With each TEOM filter exchange

2) Replace large bypass in-line filters 6 months

3) Replace flow controller filters 1 year

4) Clean air inlet system 1 year

5) Perform leak test 1 year

6) Rebuild sample pump 18 months

The maintenance intervals provided above are guidelines.  Requirements for routine
maintenance are site-specific, and can vary from one location to another.

The Piston Pump Rebuild Kit (59-001741) from R&P contains instructions for
rebuilding the R&P-supplied pump shipped with the Series 1400a monitor.

An Annual Consumables Kit (59-003578) may be ordered from R&P containing the
following items:

1 57-000397-0020 Box of 20 TEOM Filters, Pallflex TX40
4 57-002758 Large Bypass In-Line Filters
2 30-003097 Flow Controller Filters, 25 mm

✔  An Annual Consumables
Kit may be purchased from
R&P for consumables
needs extending beyond the
first year.
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7.2. CLEANING THE PM-10 INLET

The PM-10 Inlet must remain free of significant contamination to ensure a correct
particulate size cut-off at 10 µm.  PM-10 Inlet cleaning is best done immediately
following an exchange of a TEOM filter cartridge.  This allows for the cleaning
procedure to be carried out during the one-half hour flow and temperature stabilization
period following the instrument reset (Section 4).

Remove the PM-10 Inlet from the Flow Splitter by simply lifting it off.  It is
recommended that the PM-10 Inlet be disassembled and cleaned following the
maintenance procedures in Appendix F.  Most of the contamination collects on the
impaction plate in the collector assembly.

Also refer to Appendix F for procedures used to clean other inlets available from R&P
for use with the Series 1400a monitor.

7.3. REPLACING THE LARGE BYPASS IN-LINE FILTER

The Large Bypass In-Line Filters (57-002758), located on main and bypass flow lines
on the back of the TEOM Control Unit, are designed to provide the user of the TEOM
monitor a long replacement interval (6 months recommended).  Replacement of the
Large Bypass In-Line Filters is best done immediately following an exchange of a
TEOM filter cartridge.  This allows for the exchange to be carried out during the one-
half hour flow and temperature stabilization period following the instrument reset
(Section 4) using the <F1> or <Run> keys.

The Large Bypass In-Line Filters are available from R&P as part number 57-002758.

To replace the filters, remove the existing filters with their quick-connect fittings and
replace them with a new filter assemblies.  Ensure that the arrows on the filters point
away from the sensor unit (against the flow).

7.4. REPLACING THE FLOW CONTROLLER FILTERS

The Flow Controller Filters (30-003097) attached to the mass flow controllers in the
control unit provide a particle-free air supply to the flow regulation hardware, and are
essential for reliable, long-term instrument operation.  R&P recommends a replace-
ment interval of 1 year.  Replacement of the Flow Controller Filters is best done
immediately following the exchange of a TEOM filter cartridge.  This allows for the
exchange to be carried out during the half-hour flow and temperature stabilization
period following the instrument reset (Section 4) using the <F1> or <Run> keys.

✔  Keeping size-selective
inlets clean is required to
maintain their efficiency.

✔  The instrument must be
operated with both of its
Large Bypass In-Line Filters
in place to avoid contamina-
tion of the flow controllers.
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The Flow Controller Filters are available from R&P as part number 30-003097.

To replace the filters, remove the existing filters from the flow controllers in the
TEOM Control Unit and replace them with new filters.

7.5. CLEANING THE AIR INLET SYSTEM

The heated Air Inlet in the Series 1400a monitor must be cleaned periodically to
remove the build-up of particulate on its inner walls.

Perform the following procedure to clean the Air Inlet system:

1) Turn off the TEOM Control Unit.

2) With the mass transducer in its closed (upright) position, carefully
remove the air thermistor from the “cap” of the TEOM mass
transducer by pressing in on the metal locking clip.  The cap is
located immediately above the part of the mass transducer that
swivels downward.

3) Open the mass transducer by pulling upward on its silver handle.

4) Place plastic or another protective material over the exposed part
of the mass transducer.

5) Using a soapy water, alcohol or freon solution, clean the Air Inlet.
A soft brush may also be used to remove particulate on the
inside walls.

6) Allow the air inlet to dry.

7) Remove the plastic or other protective material from the exposed
part of the microbalance.

8) Pivot the mass transducer into its closed position by pressing the
closing mechanism.

9) Carefully re-insert the air thermistor into the cap of the mass
transducer assembly.

10)  Turn on the TEOM Control Unit.
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7.6. LEAK TESTING

The TEOM instrument provides accurate results only if no leaks exist in the flow
handling system.  If an optional ACCU System is operated with the Series 1400a
monitor, the leak test should be performed with the ACCU hardware installed.

Perform the following procedure to test for leaks:

1) Operate the Series 1400a monitor in the usual fashion with the
sample pump running.

2) Remove the TEOM filter cartridge from the mass transducer
according to the instructions in Section 3.  This prevents acci-
dental damage from occurring to the sample filter cartridge when
exposed to the high pressure drop (vacuum) in the sample line
that the leak check creates.

3) With the instrument displaying the Main Screen, press the <-> and
<¯ > keys to show the Main Flow and Auxiliary Flow on the four-
line alphanumeric display.

4) If the TEOM system does not contain a flow splitter, block the
main air flow at the sample inlet.  The Main Flow shown on the
four-line display should read less than 0.15 l/min.

5) If the TEOM system contains a flow splitter (16.7 l/min operation),
remove the size-selective inlet from the flow splitter and replace
it with the Flow Audit Adapter contained in the Flow Audit
Adapter Kit (57-001243) supplied with the instrument.  Refer to
Figure 2-11.  Close the valve located on the Flow Audit Adapter.

6) For 16.7 l/min systems, both the Main Flow and Auxiliary Flow
readings on the four-line display should read less than 0.15 l/min.

7) If the leak test indicates a problem, check hose fittings and other
critical locations in the flow system for leaks.

8) Remove the Flow Audit Adapter from the Flow Splitter.

9) Replace the sample inlet on the Flow Splitter.

10)  Replace the TEOM filter cartridge in the mass transducer.

✔  A leak-free sampling
system is essential to
ensure high-quality mea-
surements.
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Section 8:  System Calibration

This Section describes the calibration procedures for the TEOM Series 1400a PM-10
Monitor, as well as the method for auditing flow rates.

8.1. OVERVIEW OF CALIBRATION  PROCEDURES

The routine calibration procedures recommended for the instrument are summarized
below:

                     Procedure                                    Recommended Interval

1)  Flow controller calibration (software) 6 months
2)  Analog calibration 1 to 2 years
3)  Flow controller calibration (hardware) 1 year
4)  Mass calibration verification 1 year
5)   Ambient Temperature Calibration 1 year
6) Ambient Pressure Calibration 1 year

The calibration intervals provided above are guidelines.  Requirements for routine
calibration are site-specific, and may be better defined by the user as necessary.

NOTE:  Always wear appropriate anti-static devices when
working with the system electronics.

8.2. FLOW CONTROLLER CALIBRATION  (SOFTWARE)

The software procedure allows the user to calibrate the sample and bypass flow rates
without having to adjust any hardware.

Follow the steps below to perform a software calibration of the flow
controllers:

1) Turn off the TEOM Control Unit.

2) Disconnect the electric cable that links the control unit with the
sensor unit.

3) Remove the main and bypass flow lines from their connections on
the back panel of the TEOM Control Unit.

4) Turn on the TEOM Control Unit, and make sure that the pump is
on.

5) Display the Set Temps/Flows Screen on the instrument by select-



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 8:  SYSTEM CALIBRATION PAGE 8-2

Revision B.001

ing “Set Temps/Flows” from the Menu Screen, or by typing
19<Enter>.  Then press <-> and <¯ > to position the screen so that
“F-Main” and “F-Aux” appear.  Record the set points for the main
and auxiliary flows.

6) Press <-> and <¯ > to position the cursor so that the lines entitled
“T-A/S” and “P-A/S” appear on the screen.  Note the existing
settings for Average Temperature (on the left) and Average Pres-
sure (on the left).  If the monitor is not in the Setup Mode, press
<Data Stop>.  Then set the Average Temperature and Average
Pressure to the current local conditions at the flow meter.

7) Press <-> and <¯ > to position the cursor so that the lines entitled
“FAdj Main” and “FAdj Aux” appear on the screen.

8) Attach a reference flow meter such as a bubble meter, dry gas
meter, or mass flow meter to the location labelled “Sensor Flow”
on the back panel of the TEOM Control Unit.  This reference flow
meter should have been recently calibrated to a primary stan-
dard, and should have an accuracy of 1% at 3 l/min.

9) Compare the Series 1400a set point recorded in step 5 above with
the flow rate indicated by the flow meter.  This set point indica-
tion is in volumetric liters per minute.  If a mass flow meter is
being used, its reading must be adjusted for temperature and
pressure to obtain volumetric flow under the test conditions.  No
adjustment is necessary in the case of a volumetric flow meter.

10)  If necessary, edit the values for “FAdj Main” so that the volumet-
ric flow rates indicated by the flow meter match the set point
recorded in step 5 above.  The value for “FAdj Main” can be
incremented and decremented easily by pressing <-> and <¯ >
keys during editing.

11)  If a step adjustment greater than ±10% would be necessary to
calibrate the mass flow controller, a hardware calibration must be
performed per Section 8.4, Flow Controller Calibration (Hard-
ware).

12)  If your system has an auxiliary flow controller, repeat steps 8 to
11 above, replacing the references to the Main Flow with Auxil-
iary (Bypass) Flow.  Connect the flow meter to the port labelled
“Bypass Flow” on the rear panel of the TEOM Control Unit.

13)  Change the values for Average Temperature and Average Pres-
sure back to their original values recorded in step 6 (the values
for automatic measurement, or the seasonal average temperature
and barometric settings).
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14)  Turn off the TEOM Control Unit.

15)  Re-attach the air lines to the back panel of the TEOM Control
Unit.

16)  Re-connect the electric cable that links the control unit with the
sensor unit.

17)  Turn on the TEOM Control Unit.

18)  Perform a system leak test per Section 7.6.

8.3. PROCEDURES FOR ANALOG CALIBRATION

The following equipment is required to calibrate the instrument’s analog input and
output sections:

Calibrated 3 1/2 Digit Multimeter
30 cm Jumper Wire (12")

First, set up the hardware in the following manner:

1) Turn off the TEOM Control Unit.

2) Remove the external cables from the Sensor and ACCU connec-
tors on the back of the control unit.

3) Remove the cover of the control unit.

4) Detach the ribbon cables connected to P2, P3 and P4 on the L-
shaped analog input/output board (Figure 8-1).

5) Note which channels are set for 0-2 VDC and 0-10 VDC (check
jumpers W40-W47) on the analog output section, and which are
set for ±2 VDC and ±10 VDC (check jumpers W1-W15) on the
analog input section.

6) Turn on the TEOM Control Unit.

7) Press <Data Stop> to enter the Setup Mode.

8) Bring the Analog Calibration Screen (Figure 8-2) onto the four-line
display by selecting “Analog Calibration” from the Menu Screen,
or by typing 11<Enter> when in any screen.

9) Enter “YES” on the line entitled “Calibrate” by pressing
<Edit><Yes>.

10)  Move the cursor to the line shown as “A/O Value.”
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11)  Place the “+” lead of the multimeter on white  analog output test
point 0 and the “-” lead on a black  GND (ground) test point.

NOTE:  The readings on the Analog Calibration Screen are
in percent of full scale (% FS) for both the inputs and outputs.
Therefore, to output 6.500 VDC on a 0-10 VDC output
channel one would enter 65.00 on the line entitled “A/O
Value.”    For a ±2 VDC input with 1 VDC applied to the
channel one would see 50.00 on the display for the analog
input channel, indicating 50% of full scale.

NOTE:  The potentiometers labelled TEMP and ALL GAIN
should not be adjusted.  They are preset at the factory.

Figure 8-1.  Analog Input/
Output Board.
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The analog output (D/A) section of the Analog Card must be calibrated
first:

1) Set the “A/O Value” to be 90.00 by entering <Edit>90<Enter>.  This
causes the output on all installed analog output channels to be
90% of full scale.  Monitor the multimeter for the proper readout
while adjusting the appropriate GAIN ADJUSTMENT potentiome-
ter for the analog output channel being calibrated.

2) Move the “+” lead of the meter to successive analog output chan-
nels, and adjust the appropriate potentiometer if necessary.  Be
careful to note which channels are set for 2 VDC or 10 VDC
output.

3) After the analog outputs are calibrated set the “A/O Value” to 0.00.

Then calibrate the analog input (A/D) section of the Analog Card:

1) Place the “+” lead of the meter on the 0 test point of the analog
outputs .  Also place the jumper from the 0 test point of analog
outputs  to the red 0 test point of the analog inputs.

2) Select analog input channel 0 on the Analog Calibration Screen by
typing <Edit>0<Enter> when the cursor is on the line entitled “A/I
Chan.”  Enter a 90% of full scale output on the “A/O Value” line
appropriate for the analog input channel being calibrated (either

Figure 8-2.  Analog Calibra-
tion Screen.

ANALOG CALIBRATION SCREEN
(Screen 11)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 ANALOG CALIBRATION ➡ N/A N/A N/A N/A

Calibrate    >   YES ➡ y/n S 0 0 0:No, 1:Yes.

A/O Value      50.00 ➡ % S 0 0 Percentage of  full scale.

A/I Chan    6  50.00 ➡ chan/% S/not editable 0/0 0/0 Channel/% of full scale.

To enter this screen, press:
     select from Menu Screen or 11 <Enter>

    Next screen (using <Step Screen>):
         Main Screen (Screen 18)

✔  Perform a calibration of
the instrument's analog
outputs before making
adjustments to the analog
input channels.
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90% of ±2 VDC or 90% of ±10 VDC).  Monitor the meter to ensure
that the proper voltage is being applied, and look at the 4-line
display to see what percentage of full scale the analog input is
measuring.  Adjust the appropriate potentiometer for the channel
being calibrated to achieve the proper percentage of full scale.

3) Repeat step 2 for each analog input channel populated on the
board.  Remember to move the jumper to the new analog input
channel.

4) Once the analog input calibration is complete, switch off the
power to the instrument and replace all cables and connectors
before re-starting normal operation.

8.4 FLOW CONTROLLER CALIBRATION  (HARDWARE)

R&P recommends that the analog calibration described in Section 8.3 be performed
prior to the mass flow controller (MFC) calibration.  Please note that the procedures
set forth in this Section specify the use of a volumetric flow meter.  If a non-volumetric
flow meter (such as a mass flow meter) is used, it is necessary to convert the flow
meter’s indicated flow rate to a volumetric flow rate using the local temperature and
pressure conditions at the flow meter.

Follow the steps below to perform a hardware calibration of the main and
auxiliary mass flow controllers in the TEOM Control Unit.:

1) Perform an analog calibration (Section 8.3) before completing the
steps below.

2) Turn off power to the instrument.

3) Disconnect the cable that connects control unit and sensor unit.

4) Remove the top cover of the control unit.

5) Ensure that all connectors are fully seated on mass flow control-
ler board.

6) Turn on the instrument and pump, allowing it to warm up for 30
minutes from a cold start or 5 minutes if it has just been oper-
ated.

7) Note the settings for Average Temperature and Average Pressure
shown on the Set Temps/Flows Screen.  Press <Data Stop> to
place the instrument in the Setup Mode.  Then set the Average
Temperature and Average Pressure to the current local condi-
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tions at the flow meter.  The MFC provides volumetric flow at
these conditions.

NOTE:  Do not use the ambient temperature or pressure probes.  Turn these off
by entering the actual local conditions at the flow meter for Average Temperature
and Average Pressure, as described above.  The pressure entered is actual
pressure, not corrected for sea level.

8) Reset the adjustment factors for both MFC's by changing the
settings for “FAdj Main” and “FAdj Aux” on the Set Temps/Flows
Screen to 1.000.

9) Connect the reference volumetric flow meter directly to the sensor
flow fitting on the control unit.  Do not attach the flow meter to
the large bypass in-line filter, or attach any system components
to the air input side of the flow meter.

10)  Set the main flow to 0.5 l/min on the front panel of the control
unit and observe the actual reading on the flow meter.  After 10
seconds, adjust R101 until this flow is correct to within ±0.03 l/
min.

11)  Set the main flow to 4.5 l/min on the front panel of the control
unit and observe the actual reading on the flow meter.  After 10
seconds, the reading should settle to 4.5 l/min ± 0.03 l/min.

12)  Adjust R105 until the flow is within acceptable range.  Repeat
steps 10, 11 and 12 until both conditions are met.

13)  Set the main flow to its operational rate (3, 2 or 1 l/min), and
verify that the flow is within ±0.03 l/min of its set point using the
reference volumetric flow meter.

14)  Connect the reference volumetric flow meter directly to the
bypass flow fitting on the control unit.  Do not  attach the flow
meter to the large bypass in-line filter or attach any system com-
ponent to the air input side of the flow meter.

15)  Set the auxiliary flow to 2.0 l/min on the front panel of the control
unit and observe the actual reading on the flow meter.  After 10
seconds, adjust R201 until this flow is correct to within ±0.2 l/
min.

16) Set the bypass flow to 18.0 l/min on the front panel of the control
unit and observe the actual reading on the flow meter. After 10
seconds, the reading should settle to 18.0 l/min ± 0.2 l/min.

17)  Adjust R205 until the flow is within acceptable range.  Repeat
steps 15, 16 and 17 until both conditions are met.
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18)  Set the auxiliary flow to its operational rate (13.67, 14.67 or 15.67
l/min), and verify that the flow is within ±0.2 l/min of its set point
using the reference volumetric flow meter.

18)  Set the Ambient Temperature and Ambient Pressure settings
back to 99 °C and 9 Atm (for automatic sensing), respectively, or
to their previous values (for manual operation).

20)  Turn off power, re-attach the interconnecting cable set, and re-
install the cover of the control unit.

NOTE:  If either flow controller cannot be adjusted to within specification, the
unit should be returned to the factory for evaluation and repair.

8.5. MASS TRANSDUCER CALIBRATION  VERIFICATION

The calibration of the TEOM mass transducer in the Series 1400a monitor is
determined by the mass transducer’s physical mechanical properties.  Under normal
circumstances the calibration does not change materially over the life of the instru-
ment.  Contact R&P if the results of the verification procedure described in this
Section indicate a calibration constant that differs by more than 2.5% from the original
R&P calibration constant.

The Series 1400a monitor is calibrated using an entire TEOM filter cartridge as a
calibration weight.  Since the mass of the filter cartridge with particulate differs from
the mass of a new filter cartridge by only a small fraction, calibrating the system with
a calibration mass equivalent to the filter mass allows all measurements to be made
at essentially the same operating point as the original calibration.

A detailed explanation of how the calibration constant, K
o
, is derived can be found in

Section 1.4.2.

NOTE:  A Calibration Verification Kit consisting of a pre-
weighed calibration filter, filter exchange tool, desiccant for
humidity protection and a humidity indicator is available
from R&P under part number 59-002017.  Refill kits for  this
product are available as R&P part number 59-002019.

The K0 Confirmation Screen (Figure 8-5) accessible through the Menu Screen of the
instrument allows the user to verify the calibration of the TEOM monitor without
having to perform any computations.  Enter the K0 Confirmation Screen by selecting
“K0 Confirmation” from the Main Menu or by entering 17<Enter> from any screen.

✔  Confirm the mass
calibration of the Series
1400a monitor using a
single pre-weighed filter.
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K0 CONFIRMATION SCREEN
(Screen 17)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

K0 Confirm 209.44188 ➡ hz not editable N/A N/A Current TE frequency.

 Filt Wght   0.07903 ➡ g S N/A N/A Mass of calib verif filter.

 287.53182 209.44186 ➡ hz not editable N/A N/A Freq w/o and w/ filter.

 Audit K0       9683 ➡ N/A not editable N/A N/A Estimate of K0 value.

 Actual K0      9605 N/A not editable N/A N/A Current K0 of monitor.

 % Diff         0.81 N/A not editable N/A N/A % deviation of audit.

To enter this screen, press:
     select from Menu Screen or 17 <Enter>

    Next screen (using <Step Screen>):
         Main Screen (Screen 18)

Figure 8-5.  K0 Confirmation
Screen. Peform the following steps to confirm the system's mass calibration

using a Mass Calibration Verification Kit with the K0 Calibration Screen
displayed on the monitor:

1) Input the weight of the pre-weighed calibration filter on the line
labelled “Filt Wght.”

2) Operate the system without a filter and wait for the oscillating
frequency shown in the upper right-hand corner of the screen to
settle.

3) Press the <First/Last> key to record the frequency f o once the
frequency has stabilized.

4) Install the calibration verification filter in the instrument and wait
for the frequency to stabilize again.

5) Press the <First/Last> key again to record the frequency f 1 once
the frequency has stabilized.

6) The instrument then automatically computes and displays the
audit value of the calibration constant, K o on the line entitled
“Audit K0.”

✔  Notify R&P or your
distributor if the absolute
difference between the audit
and current Ko values is
greater than 2.5%.
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The K0 Confirmation Screen also displays the current K
o
 value entered in the

monitor, as well as the percentage difference between the audit and currently-
entered K

o
 values.

If mistakes are made in executing any of the steps described above, exit from the K0
Confirmation Screen and re-enter it.  All values are shown as 0 upon displaying the
screen.

8.6. FLOW AUDIT PROCEDURE

This audit procedure for checking the flow rates in the Series 1400a monitor is not
difficult and can be done with minimal disturbance of the instrument’s normal
operating configuration.  The tolerances in this audit procedure should not be
confused with the tighter specifications outlined in the calibration procedures of
Sections 8.2 and 8.4.

The flow audit consists of the following steps:

1) Reset the Series 1400a monitor by pressing the <F1> or <Run>
keys on the front panel of the control unit.  Please note that any
data generated by the instrument during this audit procedure are
invalid.  Thus, it is advantageous to combine a flow audit with a
filter exchange.

2) Remove the PM-10 sample inlet.  Replace the inlet with the Flow
Audit Adapter supplied in the Flow Audit Adapter Kit (57-001243)
that was supplied with the instrument (Figure 2-11).  Turn the
valve of the Flow Audit Adapter to its open position to allow for
air flow before installing the adapter.

3) Scroll the Main Screen using <-> and <¯ > until the Main Flow and
Auxiliary Flow appear on the four-line display.  These represent
the actual volumetric flows as measured by the monitor’s flow
controllers.  Confirm that these flows are within ±2% of their set
points (3.0 l/min for the Main Flow and 16.7 l/min for the Main
Flow plus Auxiliary Flow).  Any greater deviation may indicate
plugged in-line filters or other blockages in the system.

4) Connect the Flow Audit Adapter to a suitable flow auditing device
such as a soap-bubble meter, dry gas meter, mass flow meter,
etc., capable of measuring 3.0 l/min and 16.7 l/min to an accuracy
of ±1%, and having a pressure drop of less than 0.07 bar (1 psi).
This flow meter should have been recently calibrated to a primary
standard.
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5) Read the total flow (nominally 16.7 l/min) on the audit flow meter.
If a non-volumetric flow meter is being used, make any correc-
tions necessary to translate this reading to volumetric l/min at
the current ambient temperature and barometric pressure.  The
volumetric flow measured by the audit flow meter must be 16.7 ±
1.0 l/min to be acceptable.

6) Disconnect the Bypass Flow Line where it connects to the Flow
Splitter (location “B” in Figure 2-11).  Plug the exit of the Flow
Splitter with the 3/8" Swagelok cap suppplied as part of the Flow
Audit Adapter Kit.

7) Read the main flow (nominally 3.0 l/min) on the audit flow meter.
If a non-volumetric audit flow meter is being used, make any
corrections necessary to translate this reading to volumetric l/
min at the current ambient temperature and barometric pressure.
The volumetric flow indicated by the audit flow meter must be 3.0
± 0.2 l/min to be acceptable.

8) If either the Main or Auxiliary Flow is outside acceptable limits,
the calibration procedures in Sections 8.2 or 8.4 must be per-
formed.

9) Remove the cap from the exit of the Flow Splitter (at location “B”
in Figure 2-11), and replace the Bypass Flow Line.

10)  Optional:  To perform a system leak check, close the valve on the
Flow Audit Adaptor.  Both the Main Flow and Auxiliary Flow
should read less than 0.15 l/min on Main Screen.  If one of the
flows is greater than 0.15 l/min then the system is not leak tight.
In this case, check hose fittings and other critical locations in the
flow system for leaks.

11)  Remove the Flow Audit Adaptor.  Replace the PM-10 Inlet on the
top of the Flow Splitter.   The instrument is now back to its nor-
mal operating configuration.

12)  Insert a new TEOM filter into the mass transducer.

13)  Reset the Series 1400a monitor by pressing <F1> or <Run>.  The
instrument will automatically begin data collection after tempera-
tures and flow rates have remained stable at their set points for
one-half hour.
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8.7. AMBIENT TEMPERATURE CALIBRATION

Perform a calibration of the unit's ambient temperature sensor accord-
ing to the following steps:

1) Execute an analog calibration per the procedure in Section 8.3.

2) Tweak the pot for analog input 8 on the L-shaped analog board in
the control unit until the ambient temperature shown in the Set
Temps/Flows Screen matches the actual temperature reading.

8.8. AMBIENT PRESSURE CALIBRATION

The sensor that measures the ambient pressure (Atmospheres) should be calibrated
once per year.

Follow the procedure below to calibrate the ambient pressure sensor
located in the control unit of the Series 1400a monitor:

1) Obtain the current barometric pressure (absolute) in Atmo-
spheres.

2) Remove the top cover of the control unit.

3) Locate the interface board on the back panel of the control unit.

4) Place the positive lead of the digital multimeter on the test point
labeled “+10 V” (red) and the negative lead on test point GND
(black).

5) Locate potentiometer R304, and adjust until the reading is 10.000
VDC ± 0.001 V.

6) Display the ambient pressure reading in the Set Temps/Flows
Screen.

7) Adjust potentiometer R509 until the display matches the actual
pressure reading.
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Section 9:  Optional ACCU System

R&P developed the optional Automatic Cartridge Collection Unit (Figure 9-1) as a
result of input from many users of TEOM PM-10 systems.  These users not only sought
a way to measure particulate mass concentrations in real time, but also looked for a
means of collecting particulate on their choice of filter media under microprocessor
control.

Figure 9-1.  TEOM Control
Unit (left), ACCU System
(right).

The ACCU system adds the ability to sample ambient particulate independently for
selected chemical analysis by utilizing the auxiliary (bypass) flow of flow splitter-
equipped systems and the microprocessor in the Series 1400a monitor.  The 13.67 (or
optionally 14.67 or 15.67) l/min bypass flow from the flow splitter is carried to the
ACCU system, and then onward to the auxiliary flow controller in the control unit
(Figure 9-2).  Inside the ACCU system, a bank of solenoid valves redirects the bypass
sample stream through one of eight sampling devices (not included with the system)
mounted within the unit.  These sampling apparatuses can include 25, 37 or 47 mm
filter holders with the user's choice of filter media, polyurethane foam (PUF)
samplers, or other filter pack/tube combinations suitable for the 13.67, 14.67 or 15.67
l/min flow rate (Figure 9-3).

The ACCU system is connected to the Series 1400a monitor electrically by a 10-meter
cable that connects to the ACCU connector on the back side of the monitor's control
unit.  The cable carries the signals that activate the valves in the ACCU system.  Using
the software resident in the Series 1400a monitor, the user can specify the conditions
under which each of the ACCU system's eight flow channels is opened.  The flow
through the system can be governed by such factors as the real-time mass concentra-
tion, time of day, day of week, or analog signals generated by other devices such as
wind speed or wind direction.

✔  The ACCU system
permits user-programmed
sampling of particulate
matter and gases in the
monitor's bypass (auxiliary)
sample stream.
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9.1. PRINCIPLE OF OPERATION

The ACCU system contains eight user-definable flow lines that normally contain one
collection cartridge each, and one internal bypass flow line.  The unit directs the
auxiliary (bypass) flow from the flow splitter of the Series 1400a monitor through one
of these eight collection cartridges, or through the internal bypass line. Within the unit,
conductive tubing is used to minimize the static attraction effects of particulate to the
tubing walls.

Figure 9-2.  PM-10 System
Configuration with ACCU
System Installed.
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Figure 9-3.  ACCU System
with Enclosure Door Open.

The Series 1400a instrument closely monitors the bypass flow rate through ACCU
system to ensure the integrity of the total flow through the PM-10 inlet at 16.67 l/min.
If a cartridge installed in the ACCU hardware causes the the bypass flow to deviate
outside of the bounds of 13.67 ± 0.40 l/min, this cartridge is not used again until the
user exchanges the cartridge and resets the channel.  To indicate that a cartridge has
caused a high pressure drop, the Series 1400a monitor places a negative sign in front
of the value for the channel's total flow volume.

Using the software resident in the Series 1400a monitor, the user defines the
conditions under which each of the eight ACCU channels is operated.  Only one
channel is active at once.  Every 10 seconds, the instrument determines which of the
ACCU system's eight channels should currently be active.  This is done by first
evaluating the collection criteria for channel 1.  If the rules for channel 1 are met, the
system activates channel 1 for the next 10 second period.  If the criteria for channel
1 are not met, the instrument performs the same evaluation for channel 2.  This process
continues through successive channels in the ACCU system until a channel is found
whose operating rules are currently met.

✔  The instrument carefully
monitors the flow through
the ACCU system.

✔  Only one internal
sampling channel is active
in the ACCU system at
once.

✔  Every 10 seconds the
unit evaluates which ACCU
channel should be active.
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If the monitor has disqualified a channel because the pressure drop of the installed
cartridge causes the bypass flow to fall outside of the acceptable limits, the instrument
skips over this channel in evaluating which cartridge should next be active.  For
example, if channels 1, 2 and 3 fail to meet the rules for activation and channel 4 has
been disqualified because of high pressure drop, the monitor evaluates channel 5 after
channel 3.

If the qualifications of none of the 8 user-defined channels are currently met, the
instrument passes the particulate-laden flow through the internal bypass line for the
current 10-second time segment.

Since channel 1 is always evaluated first, this cartridge can be used to override the
settings of the remaining channels.  For example, if channels 2 to 8 are defined by time
of day (eg., midnight to 3:00 a.m., 3:00 a.m. to 6:00 a.m., etc.), channel 1 could be used
to capture all episodes in which the particulate concentration exceeds 200 µg/m3.  In
this case, the bypass sample stream would pass through cartridges 2 to 8 according to
the time of day, except when the particulate concentration measured by the Series
1400a monitor exceeds 200 µg/m3.

If the user anticipates that a particular set of qualification rules will result in a cartridge
becoming overloaded, it is highly advisable to define two or more neighboring
cartridges in the same manner.  For example, if channels 5 and 6 are both defined in
the same way and channel 5 later becomes disqualified because its pressure drop is too
high, channel 6 would be used instead.

R&P recommends that the exchange of cartridges and defining of the ACCU channels
only take place when the monitor is in the Setup Mode so that the collection of mass
concentration data is not affected by such changes.

The ACCU system is only active when the instrument is collecting data, i.e., when it
is in modes 1, 2, 3, or 4.  Otherwise, the monitor always passes the sample stream
through the internal bypass of the ACCU system when the instrument is in the Setup
Mode or Stop All Mode.  After the user leaves the Setup Mode or Stop All Mode by
pressing <F1> or <Run>, the ACCU system becomes active after one minute.  The
monitor also waits one minute to activate the ACCU system upon power up.

✔  The internal bypass is
activated if none of the
collection criteria are met.
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9.2. ACCU SYSTEM INSTALLATION  AND SETUP

The ACCU system is designed to be located outdoors, and is generally placed in the
vicinity of the flow splitter.

Follow the steps below to install and set up the ACCU system:

1) Follow the instructions in Section 9.8 if the ACCU system was
purchased with the optional stand.

2) Place the sample distributor gasket into its proper position on the
enclosure (if it is not already installed).  Holding the sample
distributor cone by its base, slide the cone over the top of the
sample distributor and O-ring.  Ensure that the O-ring has seated
properly and that the mounting holes line up.  Using the provided
#8-32 screws, secure the cone to the ACCU enclosure.

Figure 9-4.  Sample
Distribution Cone.
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3) Insert the supplied 3/8" tubing (4 m) from the flow splitter into the
union fitting located on the top of the sample distributor cone.
Ensure that the fitting is properly tightened to avoid leakage.

4) Insert the 3/8" bypass line from the Series 1400a Electric and Air
Connecting Cable to the fitting located on the side of the ACCU
system enclosure.  Ensure that the fitting is properly tightened.

5) Turn off power to the Series 1400a monitor.

6) Attach the provided electrical cable to the connector on the ACCU
enclosure and the connector labelled “ACCU” on the back side of
the Series 1400a Control Unit.

7) Follow the procedure in Section 9.3.1 to insert the chosen sam-
pling media into the ACCU system.

8)  Restore power to the Series 1400a monitor.

9) Perform a leak check per the instructions in Section 7.6.

9.3. CARTRIDGE INSTALLATION  AND EXCHANGE

The ACCU system has been designed, by the utilization of fittings for support of the
cartridges, to accept any type of cartridge that fits within the physical dimensions of
the ACCU enclosure.  The maximum cartridge size that can be accomodated by the
system is approximately 5 cm (2") in diameter and 38 cm (15") long.  Although the
procedures involved in the installation and exchange of different cartridges may vary,
they follow the general steps described below.

R&P recommends that cartridge installation and exchange only take place when the
instrument is in the Setup Mode so that mass concentration measurements are not
affected by such actions.  Press <Stop All> to enter the Setup Mode.

9.3.1. CARTRIDGE INSTALLATION

A length of conductive tubing is provided for each of the ACCU system's eight
channels that should always be installed in the corresponding fitting whenever a
collection cartridge is not installed.

Insert a collection cartridge in the following manner:

1) Bring the View ACCU System Screen onto the display and enter
the Setup Mode.  To do so, type 14<Enter> and then press <Stop
All>.

✔  The tubing in the ACCU
system should at no time be
unconnected, except during
cartridge exchange.
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2) Ensure that the desired cartridges have the proper fittings in-
stalled on both the inlet and outlet.  Locate the fitting that
attaches the pieces of conductive hose to a set of stationary
fittings.  Decouple the fittings by pressing in on the latch and
pulling down.  Install the cartridge into the stationary fitting and
install the hose into the outlet of the cartridge.

3) Do not  cut tubing to length.

NOTE:  The tubing located in the middle of the ACCU system should not be
modified.  This is used for the bypass flow.

4) Press <F1> or <Run> to begin data collection.

9.3.2. CARTRIDGE EXCHANGE

After cartridges in the ACCU system are physically exchanged using the procedure
below, the system software must be informed that a new element has been inserted.
To do so, follow the steps in Section 9.7 below, Resetting ACCU Channels.

Follow the procedure below to exchange cartridges:

1) Bring the View ACCU System Screen onto the display and enter
the Setup Mode.  To do so, type 14<Enter> and then press <Stop
All>.

2) Remove the cartridge from the stationary set of fittings.  Remove
the fitting (attached to the hose) from the outlet of the cartridge.
If a new cartridge is ready, install it into the stationary fitting and
attach the hose fitting.  If a new cartridge is not ready, plug the
fitting with the hose into the stationary fitting.

3) Repeat steps 1 to 2 for each cartridge being replaced.

4) Execute the software reset routine for each ACCU channel whose
cartridge has been exchanged, following the procedure de-
scribed in Section 9.8.

9.4. ACCU SYSTEM MAINTENANCE

By design, the ACCU system requires little maintenance.  The only periodic
maintenance item is the cleaning of the sample distributor cone (Figure 9-4).
Requirements for routine cleaning are site-specific.  Generally, the cone should be
removed and examined at least once per year.  Cleaning should be performed when
the interior of the distributor cone is noticeably soiled.

✔  Quick-connect fittings
ease the exchange and
mounting of collection
cartridges.

✔  R&P recommends an
annual cleaning of the
ACCU system.
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Clean the sample distributor in the following manner:

1) Turn off the power to the Series 1400a monitor.

2) Remove the bypass flow line that connects the flow splitter to the
sample distributor cone.

3) Remove the four screws that secure the cone to the top of the
ACCU enclosure.

4) Hold the cone by its base and pull it upward until it clears the O-
ring and sample distributor.

5) Wipe out the inside of the cone until clean.  The surface of the
sample distributor should also be cleaned.

6) Replace the cone and bypass flow line.

7) Restore power to the Series 1400a monitor.

9.5. VIEWING ACCU SYSTEM OPERATION

The operation of the ACCU system may be viewed in the View ACCU System Screen
(Figure 9-5).  To bring this screen onto the four-line display, select “View ACCU
System” from the Menu Screen or type 14<Enter> when in any screen.

The value in the upper right-hand corner of the View ACCU System Screen shows the
number of the ACCU channel currently being viewed.  The following lines show the
length of time (sec) during which the viewed channel has been exposed to the
particulate-laden sample stream, as well as the volume of air (m3 at standard
temperature and pressure) drawn through the viewed channel.

A negative number is displayed for volume if the channel being viewed is no longer
being used because the pressure drop across the installed cartridge caused the flow rate
to fall below the range of 13.67 ±  0.40 l/min.

The last line of this screen shows the number of the channel through which the
particulate-laden gas stream is currently passing.  Channel 0 is the designation for the
internal bypass line, which is active when the sampling conditions for channels 1 to
8 are not presently met.

The ACCU system is only operational if the instrument is in one of its data collection
modes (1, 2, 3 or 4).  Otherwise, only the internal bypass flow of the ACCU hardware
remains active.  The ACCU system begins operation 1 minute after the instrument
enters mode 1 through the use of the <F1> or <Run> keys.

✔  The View ACCU Screen
provides exposure time and
volume information.
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VIEW ACCU SYSTEM SCREEN
(Screen 14)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

VIEW ACCU SYSTEM   3 ➡ N/A N/A N/A N/A Channel being viewed.

Time           89400 ➡ sec not editable N/A N/A Viewed channel time.

Volume        20.368 ➡ m^3 not editable N/A N/A Volume at STP.

Curr Chan          1 ➡ chan not editable N/A N/A Current ACCU channel.

To enter this screen, press:
     select from Menu Screen or 14 <Enter>

    Next screen (using <Step Screen>):
         Set ACCU System Screen (Screen 15)-
         View ACCU System Screen (Screen 14)

Figure 9-5.  View ACCU
System Screen.

Press <¬> and <®> to decrement and increment the channel currently being viewed.
The keystrokes <Shift><¬> and <Shift><®> move four channels to the left and four
to the right.  The <Ctrl><¬> and <Ctrl><®> commands move the display to the first
(1) and last (8) channel.

9.6. DEFINING THE ACCU CHANNELS

Each ACCU channel numbered from 1 to 8 can be defined individually to receive the
bypass flow.  The conditions under which a channel is exposed to the particulate-laden
bypass flow are set forth in the Set ACCU System Screen (Figure 9-6).  To show this
screen on the monitor's four-line display, press <Step Screen> when in the View
ACCU System Screen, or press 15<Enter> when in any screen.  The <Step Screen>
key toggles the display between the Set ACCU System Screen and View ACCU
System Screen when either of these screens is shown on the four-line display.

The value at the upper right-hand corner of the Set ACCU System Screen is the number
of the channel whose definition is currently being viewed.  Press the <->, <¯ >,
<Shift><->, <Shift><¯ >, <Ctrl><-> and <Ctrl><¯ > to reposition the cursor on the
display vertically.

Press <¬> and <®> to decrement and increment the channel currently being viewed.
The keystrokes <Shift><¬> and <Shift><®> move four channels to the left and four
to the right.  The <Ctrl><¬> and <Ctrl><®> commands move the display to the first
(1) and last (8) channel.
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SET ACCU SYSTEM SCREEN
(Screen 15)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

SET ACCU SYSTEM    3 ➡ N/A N/A N/A N/A Channel being viewed.

1>Mass Conc    100.0 ➡ varies S N/A N/A PRC/minimum value.

              1000.0 ➡ varies S N/A N/A Maximum value.

2 Cur Ti/Da      600 ➡ varies S N/A N/A PRC/minimum value.

                1000 ➡ varies S N/A N/A Maximum value.

3      Null        0 ➡ varies S N/A N/A PRC/minimum value.

                   0 ➡ varies S N/A N/A Maximum value.

4      Null        0 ➡ varies S N/A N/A PRC/minimum value.

                   0 ➡ varies S N/A N/A Maximum value.

To enter this screen, press:
    <Step Screen> from View ACCU System Screen or
     15 <Enter>

    Next screen (using <Step Screen>):
         View ACCU System Screen (Screen 14)-
         Set ACCU System Screen (Screen 15)

Figure 9-6.  Set ACCU
System Screen. 9.6.1.9.6.1.9.6.1.9.6.1.9.6.1. ACCU CACCU CACCU CACCU CACCU COLLECTIONOLLECTIONOLLECTIONOLLECTIONOLLECTION C C C C CRITERIARITERIARITERIARITERIARITERIA

Each channel can contain up to four conditions that must be met in order for the bypass
flow to pass through it.  The conditions entered are logically “anded” together,
meaning that all of the user-specified criteria must be met for the channel to become
active.

Each condition consists of three parts:  the Program Register Code of the variable
whose value is to be tested, the minimum permissible value, and the maximum
permissible value.  The monitor determines a condition to be met if the current value
of the selected variable is greater than or equal to the minimum value and less than
the maximum value.  A complete listing of the instrument's Program Register Codes
may be found in Appendix A.

R&P recommends that the instrument be in the Setup Mode to change the definitions
of the ACCU channels.  Press <Data Stop> to enter the Setup Mode.

✔  Each channel may
contain up to four collection
criteria that are “anded”
together.
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Once the ACCU channels are defined in the desired manner, press <F1> or <Run> to
reset the instrument and resume data collection.

If fewer than four conditions are specified for a given channel, the Program Register
Code entered for unused channels should be 0.  In this case, “Null” appears in the field
where the name of the variable is shown.

9.6.2. ACCU PROGRAMMING BY TIME OF DAY

For time of day, enter 62 (“Cur Ti/Da”) as the Program Register Code.  Then specify
the beginning and ending times, such as 900 for 9:00 a.m. and 1400 for 2:00 p.m.  The
beginning and end of a day are represented by 0 and 2359, respectively, and a time such
as 3:45 p.m. is entered as 1545.

9.6.3. ACCU PROGRAMMING BY SPECIFIC TIME/DATE

For sampling at times during a specific day, enter both the date and time for the
minimum and maximum values in combination with the Program Register Code 62
(“Cur Ti/Da”).  For example, if sampling is to begin at 6:00 a.m. on June 3, enter
6030600 (month, day, hour, minute) as the minimum value.  If sampling is to end at
the end of June 3, enter 6040000 so that the channel's valid time ends at the beginning
of June 4.  To sample for a complete 24-hour period such as from midnight to midnight
on December 31, enter 12310000 as the minimum value and 1010000 as the maximum
value for the “Cur Ti/Da” condition.

9.6.4. ACCU PROGRAMMING BY CONCENTRATION LEVEL

To define an ACCU channel to be active only when the short-term mass concentration
is higher than 100, define the channel as follows:  the variable should be “Mass Conc”
(Program Register Code 8), the minimum value should be 100, and the maximum
value should be an arbitrary large number that is not expected to be exceeded, such
as 10000.

9.7. ADVANCED SAMPLING MODES

In addition to the standard sampling routines described above, additional advanced
sampling options are also available. This sub-section described sampling by episode
and by timed collection once pre-determined conditions are met.

✔  User PRC 62 to program
24-hour sampling from
midnight to midnight.
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SET ACCU SYSTEM SCREENS FOR EPISODIC SAMPLING

(Screen 15)

Screen on Instrument
ACCU Channel 1

Screen on Instrument
ACCU Channel 2

Screen on Instrument
ACCU Channel 3

SET ACCU SYSTEM    1 SET ACCU SYSTEM    2 SET ACCU SYSTEM    3

1>Curr Chan        0 1>Curr Chan        0 1>Curr Chan        0

                   0                    0                    0

2     A/I 0    50.00 2     A/I 0    50.00 2     A/I 0    50.00

              100.00               100.00               100.00

3      Null        0 3      Null        0 3      Null        0

                   0                    0                    0

4      Null        0 4      Null        0 4      Null        0

                   0                    0                    0

Figure 9-7.  ACCU Setup for
Episodic Sampling.

9.7.1. EPISODIC SAMPLING USING THE ACCU SYSTEM

The ACCU System can be configured to capture user-defined episodes through the use
of a special code.  When operated in this manner, each episode is sampled on one of
the ACCU channels defined by the user.  Once a channel has been activated and used,
it is not re-used until it is reset by the user.

To capture a user-defined episode, two or more consecutive ACCU channels must be
defined in the identical manner (Figure 9-7).  The variable 98, “Curr Chan,” must be
entered on the first line of the definition.  The subsequent lines define the episode that
the user would like to capture.  In the example in Figure 9-7, ACCU channels 1, 2 or
3 are activated whenever the current average of analog input 0 ranges between 50 and
100.  ACCU channel 1 is used for the first episode that meets this criterion, followed
by channels 2 and 3.  Caution should be used to define episodes, as variables should
not be used that fluctuate greatly.  Therefore, 30-minute mass concentration averages
are preferable to the 10-minute mass concentration, which may vary around the trigger
point and cause undesired cycling through the ACCU channels.

✔  Episodic sampling
collects each user-defined
episode on a different
ACCU channel.
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SET ACCU SYSTEM SCREENS TRIGGERED SAMPLING BY TIME

(Screen 15)

Screen on Instrument
ACCU Channel 1

Screen on Instrument
ACCU Channel 2

Screen on Instrument
ACCU Channel 3

SET ACCU SYSTEM    1 SET ACCU SYSTEM    2 SET ACCU SYSTEM    3

1>     Time        0 1>     Time        0 1>     Time        0

                3600                 3600                 3600

2 30-Min MC   100.00 2      Null        0 2      Null        0

             9999.00                    0                    0

3      Null        0 3      Null        0 3      Null        0

                   0                    0                    0

4      Null        0 4      Null        0 4      Null        0

                   0                    0                    0

Figure 9-8.  ACCU Setup for
Triggered Sampling by
Time.

9.7.2. TRIGGERED SAMPLING BY TIME

The ACCU System can be configured to sample on each flow channel for pre-defined
periods of time after a set of conditions is met on channel 1.  Thus, the sampling rules
assigned to channel 1 are used to begin a sampling sequence that starts with channel
1 and ends with channel 8.  The user assigns the length of time to each channel during
which the channel is active.

To set up the ACCU System for triggered sampling by time, the user must enter
variable 100 “Time,” as the first line of each flow channel definition (Figure 9-8).  The
minimum time must be set to 0, while the maximum time for each flow channel
represents the length of time (sec) during which  the flow channel is active.

Additionally, other conditions must be entered for channel 1 to trigger the beginning
of sampling.  In the remaining flow channels 2 to 8, no additional conditions besides
variable 100 (“Time”) on the first line with its minimum (0) and maximum (sec)
parameters should be entered.

For example, the ACCU System could be set to begin sampling on channel 1 when the
30-minute mass concentration average exceeds 100 µg/m3, with a sampling period of

✔  Once an event triggers
the system, the ACCU
hardware samples for pre-
defined lengths of time on
channels 1 to 8.



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 9:  OPTIONAL ACCU SYSTEM PAGE 9-14

Revision B.001

60 minutes (3600 sec) on all flow channels (Figure 9-8).  Once the ACCU System has
exposed the flow channels for their pre-defined lengths of time, the instrument does
not use these channels again until they have been reset.

9.8. RESETTING ACCU CHANNELS

When the user resets an ACCU channel, the time and volume accumulators for that
channel, as shown in the View ACCU System Screen, are reset to 0.  To bring the View
ACCU System Screen onto the four-line display, press <Step Screen> when in the Set
ACCU System Screen, or select “View ACCU System” from the Menu Screen, or type
14<Enter> when in any screen.

A channel should be reset only after the time and volume currently displayed are
recorded, as this information is lost after reset.  The value shown for volume is
displayed as a negative number if the cartridge in the current ACCU channel has
caused the bypass flow to drop below its minimum level.  Once this occurs, the ACCU
channel is not activated again until a new cartridge is installed and the user resets the
channel as described in this Section.

Generally, a reset is performed after a new collection cartridge has been installed in
a channel, as described in Section 9.3.2.

The ACCU channel currently being viewed is displayed in the upper right-hand corner
of the View ACCU System Screen.  Press <¬> and <®> to decrement and increment
the channel currently being viewed.  The keystrokes <Shift><¬> and <Shift><®>
move four channels to the left and four to the right.  The <Ctrl><¬> and <Ctrl><®>
commands move the display to the first (1) and last (8) channel.

R&P recommends that the instrument be in the Setup Mode to reset an ACCU channel.
Press <Data Stop> to enter the Setup Mode.

Press <Ctrl><Last/First> to reset the channel currently being viewed.

To view or change the rules for the channel currently being viewed, press <Step
Screen> to display the Set ACCU System Screen.  The <Step Screen> key toggles
between the View ACCU System Screen and Set ACCU System Screen.

Please note the following if the Set ACCU System Screen for
the current channel contains a “Cur Ti/Da” (Program Regis-
ter Code 62) condition that specifies both a time and date:
pressing <F7> decrements the minimum and maximum date/
time by one day, while <F8> increments the minimum and
maximum date/time by one day.

✔  A negative value for
volume indicates that the
ACCU sample flow dropped
below acceptable tolerance.

✔  Press <Ctrl><First/Last>
to reset the currently-viewed
ACCU channel.

✔  The <F7> and <F8>
keys decrement and
increment date/time settings
by one day at a time,
respectively.
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Press <F1> or <Run> to reset the instrument and resume data collection.

9.9. INSTALLING  THE OPTIONAL ACCU STAND

The optional ACCU stand package contains the following items (Figure 9-9):

A 1 Right Vertical Support
B 1 Left Vertical Support
C 1 Cross Support
D 1 Right Gusset
E 1 Left Gusset
F 1 Gusset Support
G 1 Right Horizontal Support
H 1 Left Horizontal Support
I 2 Gusset Spacer
J 10 1/4" Split Washers
K 10 1/4" Flat Washers
L 10 1/4-20 x 5/8" Long Hex Bolts
M 10 1/4-20 Hex Nuts
N 4 3/8" Sealing  Washer (incl w/

  ACCU Sys)
O 4 3/8-16 x 3/4" Lg Hex Bolts

  (incl w/ ACCU Sys)

Follow the instructions below to assemble the stand (Figure 9-9):

1) Place the right and left horizontal supports, items G and H, on the
floor so that the legs containing the holes are pointing up.  The
angles should be positioned so that the legs flat on the floor (the
2 inch long leg) are pointing toward one another.

2) Attach the right vertical support, item A, to the right horizontal
support, item G, using items J, K, L and M.  The longer (2 inch)
leg of item A should be pointing inward.

3) Attach the left vertical support, item B, to the left horizontal sup-
port, item H, using items J, K, L and M.  The longer (2 inch) leg of
item B should be pointing inward.

4) Attach the cross support, item C, to the vertical supports using
items J, K, L and M.  The cross support should be oriented as
shown in Figure 9-9, and be attached to the ACCU enclosure side
of the stand.
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Figure 9-9.  ACCU Stand
Hardware.

5) Attach the right and left gussets, items D and E, to the gusset
support, item F, using items J, K, L and M.  The gusset support
should be oriented as shown in Figure 9-9.

6) Align the gusset assembly on the horizontal supports, items G
and H, and secure using items J, K, L and M.

7) Place the gusset spacers between the gusset assembly and the
vertical supports, items A and B, and secure using items J, K, L
and M.  If a gusset does not seem to line up properly, loosen the
bolts that secure the horizontal to the vertical supports and
adjust these until the gusset fits properly.
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Follow the procedure below to mount the ACCU enclosure to the stand:

1) Place a 3/8" sealing washer, item N, onto each 3/8" bolt, item O,
with the rubber side away from the head of the bolt.  Push this
assembly through the mounting holes in the stand.

2) Place a piece of tape across the head of the bolt so that it stays in
place while installing the enclosure on the stand.

3) Lift the enclosure onto the stand secure using items N and O.
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Section 10:  Optional Complete Outdoor Enclosure

The optional Complete Outdoor Enclosure (99-002332-0120 for 120 VAC and 99-
002332-240 for 240 VAC) provides a heated and air conditioned environment for the
control unit, sensor unit and pump of the Series 1400a monitor.  It also it contains
enough space in its 19" rack for the installation of data logging equipment.

This Section describes the installation and maintenance of the Complete Outdoor
Enclosure.

10.1. INSTALLING  THE CONTROL AND SENSOR UNITS

Refer to Section 2 for the basic setup instructions for the control unit, sensor unit and
pump.

Once the prescribed connections have been made among these three
components, perform the steps below (Figure 10-1):

1) After making cable and air tube connections, place the control
unit of the Series 1400a monitor on the two angles located in the
upper left-hand corner of the enclosure.  Secure the unit to the
rack angle uprights.  No other setup is required for the control
unit.

2) Place the sensor unit of the Series 1400a monitor on the floor on
the right side of the enclosure.  Section 10.3 on installing the seal
plate contains instructions on the setup of the flow splitter and
sample tube in the enclosure.

Figure 10-1.  Instrument
Placement in the Complete
Outdoor Enclosure.

✔  The Complete Outdoor
Enclosure provides weather
protection for a wide variety
of outdoor environments.
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10.2. INSTALLING  THE SAMPLE PUMP

Included with the Complete Outdoor Enclosure is a package containing hardware to
install the sample pump.

Installation of the pump into the enclosure is accomplished as follows
(Figure 10-2):

1) Attach the sample pump (item 9) to the pump mounting bars (item
10) using the #8-32 screws (item 1) and lockwashers (item 2).

Figure 10-2.  Sample Pump
Installation.
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2) Fasten the spacers (item 8) onto the male end of the rubber vibra-
tion mounts (item 7) with a #10 fender washer (item 6) placed
between them.

3) Fasten the vibration mount assemblies to the pump mounting
bars using the #10-32 screws (item 4) and lockwashers (item 5).

4) Insert the assembly into the enclosure's pump compartment,
ensuring that the four (4) spacers are in their proper positions.
Secure the assembly to the underside of the enclosure with the
#10-32 screw (item 3), lockwasher (item 5) and fender washer
(item 6).

5) Place the power cord and vacuum tubing into the appropriate
holes in the black cork and close the cork around them (Figure
10-3).  Push the cork into the access hole located between the
pump compartment and the enclosure until tightly fit.

Figure 10-3.  Black Cork
Installation.
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NOTE:  Proper functioning of the air conditioner requires that this hole be tightly
sealed.

10.3. INSTALLING  THE SEAL PLATE

Included with the Complete Outdoor Enclosure is a package of hardware to install the
seal plate.

Install the seal plate onto the enclosure in the following manner (Figure
10-4):

1) Place the seal plate assembly into the mounting hole located on
the top surface of the enclosure.

2) Insert the 1/4-20 truss head screws (item 1) and sealing washers
(item 2) into the seal plate mounting holes.  On the inside of the
enclosure, install the 1/4" flat washers (item 3), 1/4" external star
washers, and the 1/4-20 hex nuts to secure the seal plate to the
enclosure.

3) Apply RTV around the perimeter of the seal plate to prevent leak-
age.

NOTE:  The following instructions assume that the sensor unit has been installed
in the enclosure.

4) Insert the flow splitter through the seal plate nut, ensuring that
the bypass extension is inside the enclosure (Figure 10-4).  Se-
cure the seal plate nut around the flow splitter.

5) Attach the 1/2" diameter sample tube to the sensor unit using the
provided push-on union.  The outer flow sample tube should be
adjusted so that the end of the sample tube is 15.5 cm (6") from
the open end of the flow splitter (with optional flow splitter
adapter).

NOTE:  If the Complete Outdoor Enclosure is being used with an optional ACCU
system, the bypass extension must remain outside of the enclosure.  To achieve
this, a special adapter is provided (Figure 10-5) as part of the Complete Enclosure
Kit for te ACCU System (59-001680, which must be purchased separately.  All
other setup instructions remain the same.

✔  The Complete Enclosure
Kit for the ACCU System
(59-001680) must be
purchased to install the
ACCU System with the
Complete Outdoor Enclo-
sure.



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 10:  OPTIONAL COMPLETE OUTDOOR ENCLOSURE PAGE 10-5

Revision B.001

Figure 10-4.  Seal Plate
Installation--Regular
Instrument Configuration.
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Figure 10-5.  Seal Plate
Installation--Configuration
with ACCU System.
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10.4. ADJUSTING THE AIR CONDITIONER

The Complete Outdoor Enclosure is delivered with a McLean Midwest CR29 air
conditioner installed.  The temperature setting of this unit must be adjusted before
operating the enclosure.

Adjust the air conditioner by executing the following steps:

1) Ensure that the air conditioner is not operating.  Unplug the power
to the unit.

2) Untighten the three (3) fasteners located on the outer cover of the
air conditioner.

3) The temperature control is adjusted by turning the knob clock-
wise to increase the temperature setting, and counter clockwise
to decrease the temperature setting.  Set the temperature to 27 °C
(80 °F).

4) After the temperature has been adjusted to the desired setting,
close the air conditioner cover and re-tighten the three (3) fasten-
ers.  Restore power to the unit.

Unplug the air conditioner in winter months in areas where temperatures regularly
drop below 10 °C to turn off the blower, which constantly operates when the unit is
plugged in.

10.5. ADJUSTING THE HEATER

Set the heater to 50 °F using the thermostat installed in the enclosure.

10.6. MAINTENANCE

By design, the Complete Outdoor Enclosure requires little maintenance.  The only
maintenance item is the air conditioner, which has a condenser air inlet located inside
the top right corner.  This requires cleaning.  Clean the filter by flushing it with warm
water and allowing it to dry thoroughly, or by banging it out and flipping it over.
Recoat the filter with McLean Midwest RP Super Filter Coat adhesive (22-002678)
or the equivalent.  New air conditioner filters (32-003022) may be purchased from
R&P.

Clean the screen on the back of the pump box periodically to keep free of build-up.

✔  Unplug the air condi-
tioner during the winter
months where low tempera-
tures prevail.
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10.7. INSTALLING  OPTIONAL SLIDING SHELF

The optional sliding shelf (10-002235) for the Complete Outdoor Enclosure permits
the convenient installation of the Series 1400a control unit.

Assembly the following parts for installing the sliding shelf:

1 Sliding shelf (10-002235)
4 #10-32 screws
4 #10 star lockwasher

Mount the sliding shelf in the following manner:

1) Unpack the shelf and lay it flat.  Note that for this application, the
shelf is mounted upside down (so that the front and rear lips are
pointing up).

2) Extend one of the slides fully.

3) Locate the black lever at the shelf end of the slide.  Pull up (or
down, depending on which side it is facing) on the lever and pull
the slide off of the shelf.

4) Repeat the prior two steps for the other slide.

5) Examine the mounting rails in the Complete Outdoor Enclosure.
Remove the existing mounting shelf, if necessary.

6) Place the left slide in the correct position on the mounting rails.
Secure the rear of the slide using a #10-32 screw and lockwasher.
The slide mounting hole used in the back is centered on the slide
and lies in the middle of a U-shaped slot.  The slide may need to
be manipulated in order to get access to the mounting hole.

7) Secure the front of the slide to the mounting rail using a #10-32
screw and lockwasher.  The slide mounting hole used in the front
is slotted.  The slide may need to be manipulated in order to gain
access to the mounting hole.

8) Repeat the prior two steps for the other slide.

9) Aligh the shelf onto the slides and push it into the enclosure.  The
shelf should snap into place.  Again, ensure that the shelf is
mounted upside down (so that its front and rear lips are pointing
up).
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Section 11:  Viewing Operations with a Computer

The software supplied with the Series 1400a monitor allows the user to view the
operation of the instrument from an IBM AT-compatible personal computer.  In
addition, the user may change many of the instrument parameters from the personal
computer.  Running the PC-based software gives the user a quick overview of all major
settings of the Series 1400a monitor without having to scroll through the four-line
screens of the instrument.

A personal computer is not required for the normal operation of the Series 1400a
monitor or to set any of the program variables.  All functions performed from the
personal computer are also executable from the keypad of the control unit, with the
exception of loading system software, which can only take place using a PC.

11.1. CONNECTING THE PC TO THE CONTROL UNIT

Communication is established between the personal computer and the control unit
through their respective RS-232 ports.  The locations of the identical RS-232 ports on
the control unit are shown in Figures 5-1 and 5-2.  The TEOMPLUS software supports
the use of either RS-232 port 1 or 2 on the personal computer.

Follow the procedure below to connect the computer with the sensor
unit:

1) Connect one end of the 9-to-9 Pin Computer Cable (07-000587) to
one of the RS-232 ports on the control unit.

2) Make sure that nothing is connected to the other RS-232 port of
the control unit.

3) If the computer is equipped with a 9-pin RS-232 connection, plug
the other end of the 9-to-9 Pin Computer Cable into the selected
RS-232 port of personal computer.  If the port on the computer
has 25 pins, use the 9-to-9 Pin Computer Cable in conjunction
with the 9-to-25 Pin Computer Adapter (51-001079) to form the
connection between the two units.  Do not  use the 9-to-25 Pin
Modem Cable, which is configured for use with a modem.

4) If the instrument is not in its Main Screen, press <Main/Status> to
display the Main Screen.

5) Press <F2> on the keypad of the control unit until “N” appears in
the RS-232 Mode field of the Main Screen's status line (Figure 4-
3).  The instrument must remain in the “None” RS-232 Mode while
executing the computer routines described in this Section.

✔  The PC software
provided with the instrument
gives an overview of the
monitor's operation.

✔  The software described
in this Section requires that
the instrument be in the
“None” RS-232 Mode.
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11.2. RUNNING THE TEOMPLUS SOFTWARE

The TEOMPLUS software supplied on diskette with the monitor can be run either
from the floppy disk or a hard disk.  Use the MS-DOS “COPY” command to copy the
program files from the diskette to a hard disk.

R&P provides three routines with the Series 1400a monitor for execution from a
personal computer:

VIEW On its first page, this software shows the current set
points and values for all important operational pa-
rameters, including mass concentration averages,
temperatures, and flow rates (Figure 11-1).  The
second screen of this routine provides an overview
of the analog output settings, RS-232 settings, and
storage settings (Figure 11-2).  The user can enter
new parameters for selected system variables in the
highlighted fields of these screens.  This is done by
entering a new value in a highlighted field, followed
by <Enter>.  The View Routine also allows the user
to log data on a diskette or hard disk of the personal
computer (see the Report function below).  Press
<PgDn> and <PgUp> to switch between the two
pages of the View Routine.

Figure 11-1.  First Screen of
View Routine.
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Figure 11-2.  Second
Screen of View Routine.

ACCU This routine shows the cumulative time and volume
for each channel of the ACCU system (Figure 11-3).
In addition, this screen displays the Program Regis-
ter Codes of the four conditional variables selected
for each ACCU channel.  It is not possible to edit any
values on this screen.  Refer to Section 9 for a
discussion of the ACCU system.

INPUTS This routine provides an overview of the analog
inputs 0 to 6 received by the instrument (Figure 11-
4).  The values are shown as a percentage of each
analog input channel's full scale.  It is not possible to
edit any values on this screen.  Refer to Section 5.3
for a description of the monitor's analog input capa-
bilities.
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Figure 11-3.  ACCU
Routine.

Figure 11-4.  Inputs
Routine.
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All of the system's software routines are executed in the same manner.  The example
below shows the command that starts the View Routine.  Substitute either ACCU or
Inputs in the place of View to execute one of these other programs.

Type the following command to commence execution of the View Routine when the
personal computer is in MS-DOS:

VIEW  [p]  [bbbbb]  <Enter>

where:

VIEW is the name of the routine.  This can be substituted
with ACCU or INPUTS to run one of the other
personal computer-based software packages.

[p] is an optional parameter specifying the serial port
(i.e., COM1 or COM2) used on the personal com-
puter connected to the control unit.  This parameter
does not need to be entered if RS-232 port 1 is being
used on the personal computer, and if the baud rate
setting of the instrument is 9600.

[bbbbb] is an optional parameter for the baud rate at which
the RS-232 port of the control unit is configured.
Examples of baud rates that can be entered are 1200,
2400, 4800, 9600, or 19200.

If an MS-DOS "environment error" occurs during
the execution of the above command, add the fol-
lowing statement to the CONFIG.SYS file of your
computer:

SHELL=C:\DOS\COMMAND.COM /P /E:512

After one to two minutes have elapsed, the View Routine appears on the screen of the
personal computer.
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11.3. BASIC TEOMPLUS COMMANDS

The routines described above have two basic modes of operation:  1) Edit Mode; and
2) Command Mode.  In the Edit Mode, the user may change the values of any
highlighted fields by entering a new value followed by <Enter>.  Use the arrow keys
to move from one numeric field to another.  The Command Mode allows the user to
enter instructions that affect the operation of the TEOMPLUS program, such as
exiting from the software, turning communication between the control unit and the
computer on and off, and determining the parameters for storing data on the disk of
the personal computer.

Press <F2> on the computer to toggle between the Command
Mode and Edit Mode.

Press <End> to exit from any window.

The Command Window appears in the lower part of the screen when the software is
in the Command Mode (Figure 11-5).  Execute the following commands when the
instrument is in the Command Mode:

<F2> Toggle to the Edit Mode.

QUIT  <Enter> Exit to MS-DOS.

LOAD  <Enter> Load one of the other software routines.  Select
“.CFV” from the menu that appears, and then the
name of the routine to be executed.  The user can
switch among the View, ACCU and Inputs routines
using the Load Command without having to exit to
MS-DOS.

SCAN OFF  <Enter> Turn off computer scanning of instrument values.
This should be done before the cable connection
between the computer and sensor unit is broken.

SCAN ON  <Enter> Turn on computer scanning of instrument values.
This resumes the scanning of instrument values if
scanning was interrupted by executing the Scan Off
command described above.

REPORT  <Enter> Change the parameters for saving data to disk, such
as the disk saving interval.  Press <End> to leave the
Report Routine.  When the Report function is turned



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

SECTION 11:  VIEWING OPERATIONS WITH A COMPUTER PAGE 11-7

Revision B.000

Figure 11-5.  View Routine
in the Command Mode.

on, the computer saves the following columns of
values to disk:

Date The date is expressed in ASCII characters in the
format dd-mmm-yy, for example “06-May-92.”

Time The time is expressed in ASCII characters in the
format hh:mm:ss, for example “15:38:05.”

MC Sliding 10-minute average mass concentration.

30-Min MC 30-minute average mass concentration.

01-Hr MC 1-hour average mass concentration.

08-Hr MC 8-hour average mass concentration, or other user-
defined averaging time.

24-Hr MC 24-hour average mass concentration.

TM Total mass accumulation on the TEOM filter since
entering mode 2.

Status The status is expressed as a summation of the
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currently active codes, where 0:no status condi-
tions, 1:M, 2:T, 4:F, and 8:X.

Press <End> to exit from the report function and
return to the Command Line.

REPORT ON  <Enter> Turns the Report function on.  If this function is used
more than once per day, the latest data are appended
to the end of the file named TEOMmmdd.RPT.

REPORT OFF  <Enter> Turns the Report function off.
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Appendix A:  Listing of Program Register Codes

This Appendix contains a listing of the Program Regiser Codes (PRC's) used by the
instrument.  These codes are numbers that represent variables utilized by the monitor.
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MAIN PROGRAM REGISTER CODES

Code Description Units Range Default Re-Init Edit Modes

*007 Mass Rate µg/hour N/A N/A N/A not editable

*008 Mass Concentration µg/m^3 N/A N/A N/A not editable

*009 Total Mass µg N/A N/A N/A not editable

*012 Frequency hz N/A N/A N/A not editable

*013 Noise µg N/A N/A N/A not editable

*014 Operating Mode, 0:S, 1, 2, 3, 4, 5:X code 0-5 N/A N/A not editable

*025 Current Case Temperature °C N/A N/A N/A not editable

*026 Current Air Temperature °C N/A N/A N/A not editable

*027 Current Cap Temperature °C N/A N/A N/A not editable

*028 Current Enclosure Temp (AA only) °C N/A N/A N/A not editable

*035 Filter Loading % 0-100 N/A N/A not editable

*039 Current Main Flow l/min N/A N/A N/A not editable

*040 Current Auxiliary Flow l/min N/A N/A N/A not editable

*041 Status Condition code N/A N/A N/A not editable

*057 30-Min Average Mass Concentration µg/m^3 N/A N/A N/A not editable

*058 1-Hour Average Mass Concentration µg/m^3 N/A N/A N/A not editable

*059 8-Hour Average Mass Concentration µg/m^3 N/A N/A N/A not editable

*060 24-Hour Average Mass Concentration µg/m^3 N/A N/A N/A not editable

*063 Serial Number N/A N/A N/A N/A not editable

114-9 Analog Input 0-5 engr N/A N/A N/A not editable

120 Analog Input 6 (AA: 121=7, 122=8) engr N/A N/A N/A not editable

130 Current Ambient Temperature °C N/A N/A N/A not editable

131 Current Ambient Pressure atm N/A N/A N/A not editable

* Program Register Code is the same as in version 1 software for compatability.
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LISTING OF PROGRAM REGISTER CODES (000-024)

Code Description Units Range Default Re-Init Edit Modes

000 Null N/A N/A N/A N/A not editable

001 Second, used for setting time/date sec 0-59 N/A N/A S

002 Minute, used for setting time/date min 0-59 N/A N/A S

003 Hour, used for setting time/date hour 0-23 N/A N/A S

004 Day, used for setting time/date day 1-31 N/A N/A S

005 Month, used for setting time/date (0:Jan) month 0-11 N/A N/A S

006 Year, used for setting time/date year 1970-2106 N/A N/A S

*007 Mass Rate, averaging time set by PRC 010 µg/hour N/A N/A N/A not editable

*008 Mass Conc, averaging time set by PRC 010 µg/m^3 N/A N/A N/A not editable

*009 Tot Mass, averaging time set by PRC 011 µg N/A N/A N/A not editable

*010 Mass Rate/Mass Conc Averaging Time sec 2-14400 300 300 1, 2, 3, 4, S, X

*011 Total Mass Averaging Time sec 2-14400 300 300 1, 2, 3, 4, S, X

*012 Frequency, current oscillating frequency hz N/A N/A N/A not editable

*013 Noise, diagnostic measurement µg N/A N/A N/A not editable

*014 Operating Mode, 0:S, 1, 2, 3, 4, 5:X N/A 0-5 N/A N/A not editable

015 Cur Low Pass, used to set new password code 6 digits 100000 N/A 1, 2, 3, 4, 5, X

016 Cur High Pass, used to set new password code 6 digits 100000 N/A 1, 2, 3, 4, S, X

017 New Low Pass, used to set new password code 6 digits N/A N/A 1, 2, 3, 4, S, X

018 New High Pass, used to set new password code 6 digits N/A N/A 1, 2, 3, 4, S, X

019 Const A, used in MC conversion formula N/A -100 - 100 3 3 S

020 Const B, used in MC conversion formula N/A 0.25-4 1.03 1.03 S

021 Case Temperature Set Point °C Ambient-80 50 50 S

022 Air Temperature Set Point °C Ambient-80 50 50 S

023 Cap Temperature Set Point °C Ambient-80 50 50 S

024 Enclosure Temperature Set Point °C Ambient-80 40 40 S

* Program Register Code is the same as in version 1 software for compatability.
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LISTING OF PROGRAM REGISTER CODES (025-049)

Code Description Units Range Default Re-Init Edit Modes

*025 Current Case Temperature °C N/A N/A N/A not editable

*026 Current Air Temperature °C N/A N/A N/A not editable

*027 Current Cap Temperature °C N/A N/A N/A not editable

*028 Current Enclosure Temp (AA only) °C N/A N/A N/A not editable

029 Average Temperature, used in flow calcs °C -40 - 100 25 25 S

030 Standard Temperature, used in flow calcs °C 0-50 25 25 S

031 Average Pressure, used in flow calcs atm 0.5-3 1 1 S

032 Standard Pressure, used in flow calcs atm 0.5-3 1 1 S

033 Main Flow Adjustment, software flow cal factor 0.8-1.2 1 1 S

034 Aux Flow Adjustment, software flow cal factor 0.8-1.2 1 1 S

*035 Filter Loading, percent of filter lifetime used % 0-100 N/A N/A not editable

036 Wait Time, temp/flow stabilization period sec 0-99999 1800 1800 1, 2, 3, 4, S, X

*037 Main Flow Set Point l/min 0.5-5 3 3 S

*038 Auxiliary Flow Set Point l/min 2-20 13.67 13.67 S

*039 Current Main Flow l/min N/A N/A N/A not editable

*040 Current Auxiliary Flow l/min N/A N/A N/A not editable

*041 Status Condition, 0:OK, 1:M, 2:T, 3:F, 4:X code N/A N/A N/A not editable

042 Cal Constant, K0--unique for each monitor N/A N/A N/A N/A S

043 Current RS-232 Mode code N/A 0 N/A 1, 2, 3, 4, S, X

044 Instrument Station Code code 3 char ASCII "000" "000" 1, 2, 3, 4, S, X

045 Print Interval sec 5-32767 1800 1800 1, 2, 3, 4, S, X

046 Print Columns N/A 1-6 6 6 1, 2, 3, 4, S, X

047 Print Variable 1 PRC PRC Range 8 8 1, 2, 3, 4, S, X

048 Print Variable 2 PRC PRC Range 57 57 1, 2, 3, 4, S, X

049 Print Variable 3 PRC PRC Range 58 58 1, 2, 3, 4, S, X

* Program Register Code is the same as in version 1 software for compatability.
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LISTING OF PROGRAM REGISTER CODES (050-074)

Code Description Units Range Default Re-Init Edit Modes

050 Print Variable 4 PRC PRC Range 60 60 1, 2, 3, 4, S, X

051 Print Variable 5 PRC PRC Range 9 9 1, 2, 3, 4, S, X

052 Print Variable 6 PRC PRC Range 0 0 1, 2, 3, 4, S, X

053 RS-232 Parameter 1 code 3 char ASCII 52 N/A 1, 2, 3, 4, S, X

054 RS-232 Parameter 2 code 3 char ASCII 75048 N/A 1, 2, 3, 4, S, X

055 RS-232 Parameter 3 code 3 char ASCII 13010 N/A 1, 2, 3, 4, S, X

056 RS-232 Parameter 4 code 3 char ASCII 0 N/A 1, 2, 3, 4, S, X

*057 30-Min Average MC, updated every 30 min µg/m^3 N/A N/A N/A not editable

*058 1-Hour Average MC, updated every hour µg/m^3 N/A N/A N/A not editable

*059 8-Hour Average MC, updated every hour µg/m^3 N/A N/A N/A not editable

*060 24-Hour Average MC, updated every hour µg/m^3 N/A N/A N/A not editable

061 Protection Level, 0:Unlock, 1:low, 2:high code N/A N/A N/A not editable

062 Current Time/Date, seconds since 01-01-70 sec N/A N/A N/A not editable

*063 Serial Number N/A N/A N/A N/A 1, 2, 3, 4, S, X

064 Software Version N/A N/A N/A N/A not editable

065 Max Analog Volt, 0:1V, 1:2V, 2:5V, 3:10V code 0-3 3 N/A 1, 2, 3, 4, S, X

066 Analog Output 1 Variable PRC PRC Range 57 57 1, 2, 3, 4, S, X

067 Analog Output 1 Minimum N/A N/A 0 0 1, 2, 3, 4, S, X

068 Analog Output 1 Maximum N/A N/A 500 500 1, 2, 3, 4, S, X

069 Analog Output 2 Variable PRC PRC Range 58 58 1, 2, 3, 4, S, X

070 Analog Output 2 Minimum N/A N/A 0 0 1, 2, 3, 4, S, X

071 Analog Output 2 Maximum N/A N/A 500 500 1, 2, 3, 4, S, X

072 Analog Output 3 Variable PRC PRC Range 9 9 1, 2, 3, 4, S, X

073 Analog Output 3 Minimum N/A N/A 0 0 1, 2, 3, 4, S, X

074 Analog Output 3 Maximum N/A N/A 5000 5000 1, 2, 3, 4, S, X

* Program Register Code is the same as in version 1 software for compatability.
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LISTING OF PROGRAM REGISTER CODES (075-099)

Code Description Units Range Default Re-Init Edit Modes

075 Analog Output Jumper Setting, 0:2V, 1:10V code 0-1 1 N/A 1, 2, 3, 4, S, X

076 Storage Interval sec 0.1-86400 1800 1800 1, 2, 3, 4, S, X

077 Storage Variable 1 PRC PRC Range 8 8 1, 2, 3, 4, S, X

078 Storage Variable 2 PRC PRC Range 57 57 1, 2, 3, 4, S, X

079 Storage Variable 3 PRC PRC Range 58 58 1, 2, 3, 4, S, X

080 Storage Variable 4 PRC PRC Range 60 60 1, 2, 3, 4, S, X

081 Storage Variable 5 PRC PRC Range 9 9 1, 2, 3, 4, S, X

082 Storage Variable 6 PRC PRC Range 0 0 1, 2, 3, 4, S, X

083 Storage Variable 7 PRC PRC Range 0 0 1, 2, 3, 4, S, X

084 Storage Variable 8 PRC PRC Range 0 0 1, 2, 3, 4, S, X

085 Storage Variables (change erases storage!) N/A 0-8 8 N/A 1, 2, 3, 4, S, X

086 Storage Value 1 N/A N/A N/A N/A not editable

087 Storage Value 2 N/A N/A N/A N/A not editable

088 Storage Value 3 N/A N/A N/A N/A not editable

089 Storage Value 4 N/A N/A N/A N/A not editable

090 Storage Value 5 N/A N/A N/A N/A not editable

091 Storage Value 6 N/A N/A N/A N/A not editable

092 Storage Value 7 N/A N/A N/A N/A not editable

093 Storage Value 8 N/A N/A N/A N/A not editable

094 Analog Calibration Mode, 0:Off, 1:On code 0-1 0 0 S

095 Analog Calibration Input Channel chan 0-15 0 0 S

096 Analog Calibration Input, % of full scale % scale 0-100 0 0 not editable

097 Analog Calibration Output, % of full scale % scale 0-100 0 0 S

098 Currently Active ACCU Channel chan 0-8 N/A N/A not editable

099 ACCU Channel Currently Being Viewed chan 1-8 N/A N/A 1, 2, 3, 4, S, X

* Program Register Code is the same as in version 1 software for compatability.
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LISTING OF PROGRAM REGISTER CODES (100-124)

Code Description Units Range Default Re-Init Edit Modes

100 Cumulative Time of Viewed ACCU Channel sec N/A N/A N/A not editable

101 Cumulative Volume of Viewed ACCU Chan m^3 STP N/A N/A N/A not editable

102 Viewed ACCU Variable 1 PRC PRC Range 0 N/A S

103 Viewed ACCU Minimum 1 N/A N/A 0 N/A S

104 Viewed ACCU Maximum 1 N/A N/A 0 N/A S

105 Viewed ACCU Variable 2 PRC PRC Range 0 N/A S

106 Viewed ACCU Minimum 2 N/A N/A 0 N/A S

107 Viewed ACCU Maximum 2 N/A N/A 0 N/A S

108 Viewed ACCU Variable 3 PRC PRC Range 0 N/A S

109 Viewed ACCU Minimum 3 N/A N/A 0 N/A S

110 Viewed ACCU Maximum 3 N/A N/A 0 N/A S

111 Viewed ACCU Variable 4 PRC PRC Range 0 N/A S

112 Viewed ACCU Minimum 4 N/A N/A 0 N/A S

113 Viewed ACCU Maximum 4 N/A N/A 0 N/A S

114 Analog Input 0 engr N/A N/A N/A not editable

115 Analog Input 1 engr N/A N/A N/A not editable

116 Analog Input 2 engr N/A N/A N/A not editable

117 Analog Input 3 engr N/A N/A N/A not editable

118 Analog Input 4 engr N/A N/A N/A not editable

119 Analog Input 5 engr N/A N/A N/A not editable

120 Analog Input 6 engr N/A N/A N/A not editable

121 Analog Input 7 (only AA serial numbers) engr N/A N/A N/A not editable

122 Analog Input 8 (only AA serial numbers) engr N/A N/A N/A not editable

123 Calibration Filter Weight g 0-1 N/A 0 S

124 Frequency 0 (Mass Calib Verification) hz N/A N/A N/A not editable

* Program Register Code is the same as in version 1 software for compatability.
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LISTING OF PROGRAM REGISTER CODES (125-149)

Code Description Units Range Default Re-Init Edit Modes

125 Frequency 1 (Mass Calib Verification) hz N/A N/A N/A not editable

126 Audit K0 Calibration Constant N/A N/A N/A N/A not editable

127 Control N/A N/A 0 0 1, 2, 3, 4, S, X

128 User-Defined Averaging Time hour 2-23 8 8 S, X

129 Current Input Voltage VAC N/A N/A N/A not editable

130 Current Ambient Temperature °C N/A N/A N/A not editable

131 Current Ambient Pressure atm N/A N/A N/A not editable

132 Instrument Type, 0:AA, 1:AB code 0-1 1 1 not editable

133 Percent Variance of KO Audit % -100 to 100 N/A N/A not editable

134 A/I Channel Currently Being Viewed chan 0-6 N/A N/A 1, 2, 3, 4, S, X

135 Curr A/I Type, 0:Equat, 1:WSpd, 2:WDir code 0-2 0 0 1, 2, 3, 4, S, X

136 Current A/I Constant A N/A N/A 0 0 1, 2, 3, 4, S, X

137 Current A/I Constant B N/A N/A 1 1 1, 2, 3, 4, S, X

138 Current A/I Constant C N/A N/A 0 0 1, 2, 3, 4, S, X

139 Current A/I % of Full Scale % FS 0-100 N/A N/A not editable

140 Current A/I Average engr N/A N/A N/A not editable

141 Contact Closure 1 PRC PRC PRC Range 41 41 1, 2, 3, 4, S, X

142 Contact Closure 2 PRC PRC PRC Range 35 35 1, 2, 3, 4, S, X

143 Contact Closure 1 Operator* code 0-7 7 7 1, 2, 3, 4, S, X

144 Contact Closure 2, Operator* code 0-7 0 0 1, 2, 3, 4, S, X

145 Contact Closure 1 Value N/A N/A 7 7 1, 2, 3, 4, S, X

146 Contact Closure 2 Value N/A N/A 90 90 1, 2, 3, 4, S, X

147 Average Wind Speed engr N/A N/A N/A not editable

148 Average Wind Velocity engr N/A N/A N/A not editable

149 Average Wind Direction degrees 0-360 N/A N/A not editable

* Codes for Contact Closure Operators:  0:<, 1:<=, 2:=, 3:>=, 4:>, 5:<>, 6:AND, 7:NAND.
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Appendix B:  Summary of Instrument Screens

This Appendix provides a quick overview of the screens that appear on the Series
1400a monitor.  In addition, the keypads available with the instrument are shown at
the end of this Appendix.

Most screens are accessed through the Menu Screen, which is displayed when <Step
Screen> is pressed from the Main Screen.  Return to the Main Screen by pressing
<Main/Status> from any screen.  Pressing <Main/Status> when the instrument is
displaying the Main Screen causes the monitor to show the Status Code Screen.

Each of the screens shown in this Appendix is assigned a two-digit screen number.
Direct access can be gained to any screen by pressing the two-digit screen number
followed by <Enter>.  For example, typing 05  <Enter> instructs the monitor to display
Screen 5, the Set RS-232 Mode Screen.
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< Main/Status>

< Main/Status>

Status Code
Screen

Status Code
Screen MAIN SCREEN < Step Screen>

< Step Screen> < Step Screen>

< Step Screen> < Step Screen>

< Step Screen>

< Step Screen>

< Step Screen>

Menu Screen

Make Selection
< Step Screen>
Make Selection
< Step Screen>

Make Selection
< Step Screen>
Make Selection
< Step Screen>

Set Temps/Flows
Screen

Set Temps/Flows
Screen

Set Hardware
Screen

Set Hardware
Screen

Set Time
Screen

Set Time
Screen

Set Analog Outputs
Screen

Set Analog Outputs
Screen

Set RS-232 Mode
Screen

Set RS-232 Mode
Screen

Com Print Settings
Screen

Com Print Settings
Screen

Com 2-Way Settings
Screen

Com 2-Way Settings
Screen

View Storage
Screen

View Storage
Screen

Set Storage
Screen

Set Storage
Screen

Set Passwords
Screen

Set Passwords
Screen

Analog Calibration
Screen

Analog Calibration
Screen

View ACCU System
Screen

View ACCU System
Screen

Set ACCU System
Screen

Set ACCU System
Screen

View Analog Inputs
Screen

View Analog Inputs
Screen

< Step Screen>

< Step Screen>

Press < Main/Status>
from any screen to return

to the Main Screen.

Press < Main/Status>
from any screen to return

to the Main Screen.

Menu Structure

K0 Confirmation
Screen

K0 Confirmation
Screen

< Step Screen>

Set Contact Closure
Screen

Set Contact Closure
Screen

< Step Screen>

Define A/I
Screen

Define A/I
Screen

< Step Screen>

< Step Screen>
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STATUS CODE SCREEN

(Screen 01)

Screen on Instrument
Description of Screen (if no status condition exists)

Units Edit in Modes Default Init Comments

CURRENT STATUS CODES ➡ N/A N/A N/A N/A If no status conditions.

>No Curr Conditions ➡ N/A not editable N/A N/A

➡

➡

Screen on Instrument
Description of Screen (if status condition exists)

Units Edit in Modes Default Init Comments

CURRENT STATUS CODES ➡ N/A N/A N/A N/A If condition(s) exists.

>M  Mass Transducer ➡ N/A not editable N/A N/A If transducer status.

 T  Temperatures ➡ N/A not editable N/A N/A If temperature status.

 F  Flow Rates ➡ N/A not editable N/A N/A If flow status.

 X  Exchange Filter ➡ N/A not editable N/A N/A If filter exchange status.

To enter this screen, press:
     <Main/Status> from Main Sceen or 01 <Enter>

    Next screen (using <Step Screen>):
         Menu Screen (Screen 20)
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SET TIME SCREEN
(Screen 03)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

      SET TIME ➡ N/A N/A N/A N/A

09:30:03   14-Jun-92 ➡ N/A N/A N/A N/A Current time and date.

Second         >   0 ➡ sec S 0 N/A

Changing any of these
parameters immediately
resets the system
time/date.

Minute            30 ➡ min S curr N/A

Hour               9 ➡ hr S curr N/A

Day               14 ➡ day S curr N/A

Month            Jun ➡ mon S curr N/A

Year            1992 ➡ year S curr N/A

To enter this screen, press:
     <Time/Date>, or
     select from Menu Screen or 03 <Enter>

    Next screen (using <Step Screen>):
         Main Screen (Screen 18)
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SET ANALOG OUTPUTS SCREEN

(Screen 04)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 SET ANALOG OUTPUTS ➡ N/A N/A N/A N/A

Max Volt >    10-VDC ➡ code 1, 2, 3, 4, S, X 3 N/A 0:1V, 1:2V, 2:5V, 3:10V.

AO1 Var    30-Min MC ➡ PRC 1, 2, 3, 4, S, X 57 57 Program Register Code.

AO1 Min         0.00 ➡ value 1, 2, 3, 4, S, X 0 0 Chan 1 minimum value.

AO1 Max       500.00 ➡ value 1, 2, 3, 4, S, X 500 500 Chan 1 maximum value.

AO2 Var     01-Hr MC ➡ PRC 1, 2, 3, 4, S, X 58 58 Program Register Code.

AO2 Min         0.00 ➡ value 1, 2, 3, 4, S, X 0 0 Chan 2 minimum value.

AO2 Max       500.00 ➡ value 1, 2, 3, 4, S, X 500 500 Chan 2 maximum value.

AO3 Var     Tot Mass ➡ PRC 1, 2, 3, 4, S, X 9 9 Program Register Code.

AO3 Min         0.00 ➡ value 1, 2, 3, 4, S, X 0 0 Chan 3 minimum value.

AO3 Max      5000.00 ➡ value 1, 2, 3, 4, S, X 5000 5000 Chan 3 maximum value.

Jumpers       10-VDC ➡ code 1, 2, 3, 4, S, X 1 N/A 0:2V, 1:10V.

To enter this screen, press:
     <A/O>, or
     select from Menu Screen or 04 <Enter>

    Next screen (using <Step Screen>):
         Set Contact Closure Screen (Screen 22)-
         Set Analog Outputs Screen (Screen 04)
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SET RS-232 MODE SCREEN
(Screen 05)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

  SET RS-232 MODE ➡ N/A N/A N/A N/A

Mode: None ➡ N/A N/A 0:None N/A Current RS-232 mode.

>None ➡ N/A not editable N/A N/A

Select the RS-232 mode
from among these
options.

 Print On Line ➡ N/A not editable N/A N/A

 R&P Protocol ➡ N/A not editable N/A N/A

 AK Protocol ➡ N/A not editable N/A N/A

 German Network ➡ N/A not editable N/A N/A

 Store to Print ➡ N/A not editable N/A N/A

 Fast Store Out ➡ N/A not editable N/A N/A

To enter this screen, press:
     <RS232>, or
     select from Menu Screen or 05 <Enter>

    Next screen (using <Step Screen>):
         Com Print Settings Screen (Screen 06)-
         Com 2-Way Settings Screen (Screen 07)-
         Set RS-232 Mode Screen (Screen 05)
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COM PRINT SETTINGS SCREEN
(Screen 06)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 COM PRINT SETTINGS ➡ N/A N/A N/A N/A

Interval >      1800 ➡ sec 1, 2, 3, 4, S, X 1800 1800 Time between outputs.

Columns            6 ➡ N/A 1, 2, 3, 4, S, X 6 6 Data columns to print.

Prnt Var1  Mass Conc ➡ PRC 1, 2, 3, 4, S, X 8 8 Program Register Code.

Prnt Var2  30-Min MC ➡ PRC 1, 2, 3, 4, S, X 57 57 Program Register Code.

Prnt Var3   01-Hr MC ➡ PRC 1, 2, 3, 4, S, X 58 58 Program Register Code.

Prnt Var4   24-Hr MC ➡ PRC 1, 2, 3, 4, S, X 60 60 Program Register Code.

Prnt Var5   Tot Mass ➡ PRC 1, 2, 3, 4, S, X 9 9 Program Register Code.

Prnt Var6       Null ➡ PRC 1, 2, 3, 4, S, X 0 0 Program Register Code.

Station     48048048 ➡ code 1, 2, 3, 4, S, X "000" "000" ASCII for up to 3 chars.

To enter this screen, press:
     <RS232><Step Screen>, or
     06 <Enter>

    Next screen (using <Step Screen>):
         Com 2-Way Settings Screen (Screen 07)-
         Set RS-232 Mode Screen (Screen 05)-
         Com Print Settings Screen (Screen 06)
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COM 2-WAY SETTINGS SCREEN
(Screen 07)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 COM 2-WAY SETTINGS ➡ N/A N/A N/A N/A

RS-Para 1 >       52 ➡ N/A 1, 2, 3, 4, S, X 0 N/A ASCII for up to 3 chars.

RS-Para 2      75048 ➡ N/A 1, 2, 3, 4, S, X 0 N/A ASCII for up to 3 chars.

RS-Para 3      13010 ➡ N/A 1, 2, 3, 4, S, X 0 N/A ASCII for up to 3 chars.

RS-Para 4          0 ➡ N/A 1, 2, 3, 4, S, X 0 N/A ASCII for up to 3 chars.

To enter this screen, press:
     <RS232><Step Screen><Step Screen>, or
     07 <Enter>

    Next screen (using <Step Screen>):
         Set RS-232 Mode Screen (Screen 05)-
         Com Print Settings Screen (Screen 06)-
         Com 2-Way Settings Screen (Screen 07)
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VIEW STORAGE SCREEN
(Screen 08)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

VIEW STORAGE    2056 ➡ N/A N/A N/A N/A Physical record number.

09:30:05   14-Jun-92 ➡ N/A N/A N/A N/A Time/date of storage.

>Mass Conc      74.9 ➡ varies not editable N/A N/A

The variables selected
for storage are chosen in
the Set Storage Screen
(Screen 09).

 30-Min MC      72.3 ➡ varies not editable N/A N/A

  01-Hr MC      78.4 ➡ varies not editable N/A N/A

  24-Hr MC      69.3 ➡ varies not editable N/A N/A

  Tot Mass    974.38 ➡ varies not editable N/A N/A

      Null         0 ➡ varies not editable N/A N/A

      Null         0 ➡ varies not editable N/A N/A

      Null         0 ➡ varies not editable N/A N/A

To enter this screen, press:
     <Store>, or
     select from Menu Screen or 08 <Enter>

    Next screen (using <Step Screen>):
         Set Storage Screen (Screen 09)-
         View Storage Screen (Screen 08)
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SET STORAGE SCREEN

(Screen 09)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

    SET STORAGE ➡ N/A N/A N/A N/A

Stor Var1 >Mass Conc ➡ PRC 1, 2, 3, 4, S, X 8 8 Program Register Code.

Stor Var2  30-Min MC ➡ PRC 1, 2, 3, 4, S, X 57 57 Program Register Code.

Stor Var3   01-Hr MC ➡ PRC 1, 2, 3, 4, S, X 58 58 Program Register Code.

Stor Var4   24-Hr MC ➡ PRC 1, 2, 3, 4, S, X 60 60 Program Register Code.

Stor Var5   Tot Mass ➡ PRC 1, 2, 3, 4, S, X 9 9 Program Register Code.

Stor Var6       Null ➡ PRC 1, 2, 3, 4, S, X 0 0 Program Register Code.

Stor Var7       Null ➡ PRC 1, 2, 3, 4, S, X 0 0 Program Register Code.

Stor Var8       Null ➡ PRC 1, 2, 3, 4, S, X 0 0 Program Register Code.

Interval      1800.0 ➡ sec 1, 2, 3, 4, S, X 1800 1800 Time between storages.

Stor Vars          8 ➡ N/A 1, 2, 3, 4, S, X 8 N/A Change clears storage!

Station     48048048 ➡ code 1, 2, 3, 4, S, X "000" "000" ASCII for up to 3 chars.

To enter this screen, press:
     <Store><Step Screen>, or
     09 <Enter>

    Next screen (using <Step Screen>):
        View Storage Screen (Screen 08) -
        Set Storage Screen (Screen 09)
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SET PASSWORDS SCREEN
(Screen 10)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

   SET PASSWORDS ➡ N/A N/A N/A N/A

Cur Lo Pass  >     * ➡ code 1, 2, 3, 4, S, X 100000 N/A 6-digit password.

New Lo Pass        * ➡ code 1, 2, 3, 4, S, X N/A N/A 6-digit password.

Cur Hi Pass        * ➡ code 1, 2, 3, 4, S, X 100000 N/A 6-digit password.

New Hi Pass        * ➡ code 1, 2, 3, 4, S, X N/A N/A 6-digit password.

To enter this screen, press:
     select from Menu Screen or 10 <Enter>

    Next screen (using <Step Screen>):
         Main Screen (Screen 18)
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ANALOG CALIBRATION SCREEN
(Screen 11)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 ANALOG CALIBRATION ➡ N/A N/A N/A N/A

Calibrate    >   YES ➡ y/n S 0 0 0:No, 1:Yes.

A/O Value      50.00 ➡ % S 0 0 Percentage of  full scale.

A/I Chan    6  50.00 ➡ chan/% S/not editable 0/0 0/0 Channel/% of full scale.

To enter this screen, press:
     select from Menu Screen or 11 <Enter>

    Next screen (using <Step Screen>):
         Main Screen (Screen 18)
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SET HARDWARE SCREEN
(Screen 13)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

    SET HARDWARE ➡ N/A N/A N/A N/A

Cal Const>  9605.000 ➡ N/A S N/A N/A Varies by instrument.

Ser Num         2374 ➡ N/A 1, 2, 3, 4, S, X N/A N/A Varies by instrument.

Wait Time       1800 ➡ sec 1, 2, 3, 4, S, X 1800 1800 Temp/flow stabilization.

MR/MC Ave        300 ➡ sec 1, 2, 3, 4, S, X 300 300 Averaging time.

TM Ave           300 ➡ sec 1, 2, 3, 4, S, X 300 300 Averaging time.

XX-Hr MC           8 hour S, X 8 8 User-defined average.

Const A        3.000 ➡ N/A S 3 3 U.S. EPA setting: 3.

Const B        1.030 ➡ N/A S 1.03 1.03 U.S. EPA setting: 1.03.

Version        2.010 ➡ N/A not editable N/A N/A Software version.

To enter this screen, press:
     <Step Screen><Step Screen><Step Screen>, or
     select from Menu Screen or 13 <Enter>

    Next screen (using <Step Screen>):
         Set Temps/Flows Screen (Screen 19)-
         Set Hardware Screen (Screen 13)
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VIEW ACCU SYSTEM SCREEN
(Screen 14)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

VIEW ACCU SYSTEM   3 ➡ N/A N/A N/A N/A Channel being viewed.

Time           89400 ➡ sec not editable N/A N/A Viewed channel time.

Volume        20.368 ➡ m^3 not editable N/A N/A Volume at STP.

Curr Chan          1 ➡ chan not editable N/A N/A Current ACCU channel.

To enter this screen, press:
     select from Menu Screen or 14 <Enter>

    Next screen (using <Step Screen>):
         Set ACCU System Screen (Screen 15)-
         View ACCU System Screen (Screen 14)
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SET ACCU SYSTEM SCREEN
(Screen 15)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

SET ACCU SYSTEM    3 ➡ N/A N/A N/A N/A Channel being viewed.

1>Mass Conc    100.0 ➡ varies S N/A N/A PRC/minimum value.

              1000.0 ➡ varies S N/A N/A Maximum value.

2 Cur Ti/Da      600 ➡ varies S N/A N/A PRC/minimum value.

                1000 ➡ varies S N/A N/A Maximum value.

3      Null        0 ➡ varies S N/A N/A PRC/minimum value.

                   0 ➡ varies S N/A N/A Maximum value.

4      Null        0 ➡ varies S N/A N/A PRC/minimum value.

                   0 ➡ varies S N/A N/A Maximum value.

To enter this screen, press:
    <Step Screen> from View ACCU System Screen or
     15 <Enter>

    Next screen (using <Step Screen>):
         View ACCU System Screen (Screen 14)-
         Set ACCU System Screen (Screen 15)
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K0 CONFIRMATION SCREEN
(Screen 17)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

K0 Confirm 209.44188 ➡ hz not editable N/A N/A Current TE frequency.

 Filt Wght   0.07903 ➡ g S N/A N/A Mass of calib verif filter.

 287.53182 209.44186 ➡ hz not editable N/A N/A Freq w/o and w/ filter.

 Audit K0       9683 ➡ N/A not editable N/A N/A Estimate of K0 value.

 Actual K0      9605 N/A not editable N/A N/A Current K0 of monitor.

 % Diff         0.81 N/A not editable N/A N/A % deviation of audit.

To enter this screen, press:
     select from Menu Screen or 17 <Enter>

    Next screen (using <Step Screen>):
         Main Screen (Screen 18)
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MAIN SCREEN
(Screen 18)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

OK   4  38% NU 09:39 ➡ N/A N/A N/A N/A Status Line.

Mass Conc>      76.4 ➡ µg/m^3 not editable N/A N/A Short-term average.

30-Min MC       72.3 ➡ µg/m^3 not editable N/A N/A Updated every 30 min.

01-Hr MC        78.4 ➡ µg/m^3 not editable N/A N/A Updated every 1 hour.

XX-Hr MC        85.8 ➡ µg/m^3 not editable N/A N/A Variable ave, def 8 hr.

24-Hr MC        69.3 ➡ µg/m^3 not editable N/A N/A Updated every 1 hour.

Tot Mass      974.38 ➡ µg not editable N/A N/A Mass since last reset.

Case Temp      50.00 ➡ °C not editable 50 50 Current temperature.

Air Temp       50.01 ➡ °C not editable 50 50 Current temperature.

Cap Temp       49.98 ➡ °C not editable 50 50 Current temperature.

Encl Temp      40.00 ➡ °C not editable 40 40 Current temperature.

Main Flow       3.00 ➡ l/min not editable 3 3 Current flow rate.

Aux Flow       13.66 ➡ l/min not editable 13.67 13.67 Current flow rate.

--------- ➡ N/A N/A N/A N/A

Noise          0.034 ➡ µg not editable N/A N/A Diagnostic measure.

Frequency  187.05738 ➡ hz not editable N/A N/A Mass transducer freq.

To enter this screen, press:
     <Main/Status> or 18 <Enter>

    Next screen (using <Step Screen>):
         Menu Screen (Screen 20)
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DESCRIPTION OF STATUS LINE ON MAIN SCREEN
(Screen 18)

OK   4+ 38% NU 09:39

OK  No current status conditions                     Status Condition
M   Mass Transducer
T   Temperatures
F   Flows
X   Exchange Filter

     1  Mode 1:  Temp/Flow Stabilization               Operating Mode
     2  Mode 2:  Begin TM Computations
     3  Mode 3:  TM Computed, Begin MR/MC Computations
     4  Mode 4:  Normal Operating Mode
     S  Mode S:  Setup Mode
     X  Mode X:  Stop All Mode

         (blank) Analog Output 1 Normal Definition         A/O 1 Mode
      +  Analog Output 1 Used for Status Watch

       xxx%  Filter Loading (percent)                  Filter Loading

            N  None (computer operation)                  RS-232 Mode
            P  Print On Line
            R  R&P Protocol
            A  AK Protocol
            G  German Network Protocol
            S  Storage to Printer
            F  Fast Storage Output

             U  Unlocked                                   Protection
             L  Low Lock
             H  High Lock

               xx:xx  Current Time (24-hour format)              Time
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SET TEMPS/FLOWS SCREEN

(Screen 19)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

  SET TEMPS/FLOWS ➡ N/A N/A N/A N/A

T-Case> 50.00  50.00 ➡ °C S/not editable 50 50 Set point/actual temp.

T-Air   50.00  50.01 ➡ °C S/not editable 50 50 Set point/actual temp.

T-Cap   50.00  49.98 ➡ °C S/not editable 50 50 Set point/actual temp.

F-Main   3.00   3.00 ➡ l/min S/not editable 3 3 Set point/actual flow.

F-Aux   13.67  13.66 ➡ l/min S/not editable 13.67 13.67 Set point/actual flow.

T-A/S   25.00  25.00 ➡ °C S/S 25/25 25/25 Average/standard temp.

P-A/S   1.000  1.000 ➡ atm S/S 1/1 1/1 Average/standard pres.

Amb Temp        24.1 °C not editable N/A N/A Current ambient temp.

Amb Pres       0.988 atm not editable N/A N/A Current ambient pres.

FAdj Main      1.000 ➡ factor S 1 1 Main flow adjustment.

FAdj Aux       1.000 ➡ factor S 1 1 Aux flow adjustment.

To enter this screen, press:
     <Step Screen><Step Screen>, or
     select from Menu Screen or 19 <Enter>

    Next screen (using <Step Screen>):
         Set Hardware Screen (Screen 13)-
         Set Temps/Flows Screen (Screen 19)



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

APPENDIX B:  SUMMARY OF INSTRUMENT SCREENS PAGE B-20

Revision B.000

MENU SCREEN
(Screen 20)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 LISTING OF SCREENS ➡ N/A N/A N/A N/A

>Set Temps/Flows ➡ N/A not editable N/A N/A

 Set Hardware ➡ N/A not editable N/A N/A

 View ACCU System ➡ N/A not editable N/A N/A

 View Analog Inputs ➡ N/A not editable N/A N/A

 Set Time ➡ N/A not editable N/A N/A Same as <Time/Date>.

 Set Analog Outputs ➡ N/A not editable N/A N/A Same as <A/O>.

 Set RS-232 Mode ➡ N/A not editable N/A N/A Same as <RS232>.

 View Storage ➡ N/A not editable N/A N/A Same as <Store>.

 Set Passwords ➡ N/A not editable N/A N/A

 Analog Calibration ➡ N/A not editable N/A N/A

 K0 Confirmation ➡ N/A not editable N/A N/A

To enter this screen, press:
     <Step Screen> from Main Screen or 20 <Enter>

    Next screen (using <Step Screen>):
         Screen pointed to by cursor



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

APPENDIX B:  SUMMARY OF INSTRUMENT SCREENS PAGE B-21

Revision B.000

DEFINE ANALOG INPUTS SCREEN
(Screen 21)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

DEFINE A/I         1 ➡ N/A N/A N/A N/A

A/I %FS         4.83 ➡ engr not editable N/A N/A Ave in engineering units.

A/I Type    WndSpeed ➡ engr 1, 2, 3, 4, S, X N/A N/A Ave in engineering units.

Const A        0.000 ➡ engr 1, 2, 3, 4, S, X N/A N/A Ave in engineering units.

Const B       36.000 ➡ engr 1, 2, 3, 4, S, X N/A N/A Ave in engineering units.

Const C        0.000 ➡ engr 1, 2, 3, 4, S, X N/A N/A Ave in engineering units.

A/I Ave       17.363 ➡ engr not editable N/A N/A Average wind direction.

To enter this screen, press:
     select from Menu Screen or 21 <Enter>

    Next screen (using <Step Screen>):
         View Analog Inputs Screen (Screen 23)-
         Define A/I Screen (Screen 21)
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SET CONTACT CLOSURE SCREEN
(Screen 22)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

SET CONTACT CLOSURE ➡ N/A N/A N/A N/A

Cont1 PRC     Status ➡ PRC 1, 2, 3, 4, S, X 41 41 PRC to be checked.

   NAND         7.00 ➡ N/A 1, 2, 3, 4, S, X 7/7.00 7/7.00 Operator/value.

Cont2 PRC  Pres Drop ➡ PRC 1, 2, 3, 4, S, X 35 35 PRC to be checked.

      <        90.00 ➡ N/A 1, 2, 3, 4, S, X 0/90.00 0/90.00 Operator/value.

To enter this screen, press:
     select from Menu Screen or 22 <Enter>

    Next screen (using <Step Screen>):
         Set Analog Outputs Screen (Screen 04)-
         Set Contact Closure Screen (Screen 22)
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VIEW ANALOG INPUTS SCREEN
(Screen 23)

Screen on Instrument
Description of Screen

Units Edit in Modes Default Re-Init Comments

 VIEW ANALOG INPUTS ➡ N/A N/A N/A N/A

A/I 0          0.000 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 1         17.363 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 2         27.463 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 3        100.000 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 4         89.620 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 5          0.000 ➡ engr not editable N/A N/A Ave in engineering units.

A/I 6          0.000 ➡ engr not editable N/A N/A Ave in engineering units.

Wind Spd        15.3 speed not editable N/A N/A Average wind speed.

Wind Vel         7.2 ➡ vel not editable N/A N/A Average wind velocity.

Wind Dir        32.7 ➡ dir not editable N/A N/A Average wind direction.

To enter this screen, press:
     select from Menu Screen or 23 <Enter>

    Next screen (using <Step Screen>):
         Define A/I Screen (Screen 21)-
         View Analog Inputs Screen (Screen 23)
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Appendix C:  Hardware Configuration

This Appendix contains reference information on the system hardware, including
switch and jumper positions.  Refer to the Series 1400a Service Manual (42-003348)
for troubleshooting electrical schematics.

C.1. HARDWARE SWITCH SETTINGS

The microprocessor system in the TEOM Control Unit contains two banks of DIP
switches:  the left bank is SW1 and the right bank is SW2 (closest to side panel).  The
default settings of these switches for the Series 1400a monitor are shown in Figure
C-1.  Always turn off the control unit when changing switch settings or moving
jumpers.

With the switches in these positions, the external RS-232 port is configured as “8 data
bits, 1 stop bit, no parity.”  The default data transmission rate, which is set using the
jumpers described below, is 9600 baud.

The default jumper settings of the baud rate headers on the motherboard are as shown
below.  The instrument software is designed to operate with the header for the keypad
communication port set at 9,600 baud.  Do not change the position of the keypad
communication port under any circumstances.  The serial number of the mother board,
located below P8, contains a letter identifying the revision number.

Switch Dn Up Description Switch Dn Up Description

SW1-1 X

The positions of these
DIP switches do not
matter.  They are
over-ridden by the
system software.

SW2-1 X Intern add mode

SW1-2 X SW2-2 X Must be down

SW1-3 X SW2-3 X COM0001 mode

SW1-4 X SW2-4 X DO status

SW1-5 X SW2-5 X AO status

SW1-6 X RTS operating mode SW2-6 X

Internal station
address (0)

SW1-7 X XON/XOFF mode SW2-7 X

SW1-8 X

Determine data bits,
stop bits and parity

SW2-8 X

SW1-9 X SW2-9 X

SW1-10 X SW2-10 X

Figure C-1.  DIP Switch
Definitions.
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Revision B Boards
Baud Rate Header COM0001 W8 Keypad communication port
Baud Rate Header COM0002 W8 Main communication port

Revision C Boards
Baud Rate Header COM0001 W8 Main communication port
Baud Rate Header COM0002 W8 Keypad communication port

The settings of the keypad port should not be changed.

If the keypad locks up, however, follow the procedure below to reinstateIf the keypad locks up, however, follow the procedure below to reinstateIf the keypad locks up, however, follow the procedure below to reinstateIf the keypad locks up, however, follow the procedure below to reinstateIf the keypad locks up, however, follow the procedure below to reinstate
its original setting:its original setting:its original setting:its original setting:its original setting:

1)1)1)1)1) Enter the keypad’s configuration mode by pressing <CTRL>,Enter the keypad’s configuration mode by pressing <CTRL>,Enter the keypad’s configuration mode by pressing <CTRL>,Enter the keypad’s configuration mode by pressing <CTRL>,Enter the keypad’s configuration mode by pressing <CTRL>,
<SHIFT>, and <Main/Status> simultaneously.  (This procedure<SHIFT>, and <Main/Status> simultaneously.  (This procedure<SHIFT>, and <Main/Status> simultaneously.  (This procedure<SHIFT>, and <Main/Status> simultaneously.  (This procedure<SHIFT>, and <Main/Status> simultaneously.  (This procedure
may need to be performed twice.  The first time, press these keysmay need to be performed twice.  The first time, press these keysmay need to be performed twice.  The first time, press these keysmay need to be performed twice.  The first time, press these keysmay need to be performed twice.  The first time, press these keys
andandandandand  power up the control unit simultaneously.) power up the control unit simultaneously.) power up the control unit simultaneously.) power up the control unit simultaneously.) power up the control unit simultaneously.)

Please note that the function key prompts that appear on the menu of the keypad
correspond to the following keys in the Series 1400a monitor (top-most row from
left to right):

F1 Main/Status

F2 Edit

F3 Disp

F4 Units

F5 Step Screen

2)2)2)2)2) Make the following inputs using the menu prompts provided byMake the following inputs using the menu prompts provided byMake the following inputs using the menu prompts provided byMake the following inputs using the menu prompts provided byMake the following inputs using the menu prompts provided by
the device:the device:the device:the device:the device:

Baud Rate: 9600
Data Bits: 7
Parity: Ignore
Display PE: Disabled
Repeat: Disabled
Echo: Disabled
Handshake: Disabled
Self Test: Enabled
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C.2. CHANGING RS-232 COMMUNICATION PARAMETERS

The system allows the user to specify a variety of RS-232 communication settings
through the use of DIP switches and jumpers.  Although the TEOMPLUS software is
set up to run under the defaults set out in sub-section C.1 above, it may be desirable
to change the RS-232 communication parameters of the instrument for use with data
logging devices.  Always turn off the TEOM Control Unit when changing switch
settings or moving jumpers.

SW1-6 determines the RTS operating mode in the following manner:

SW1-6  Down Normal RTS operation.
SW1-6  Up RTS line supports multi-drop communication.  This

line is true while the instrument is transmitting.

SW1-7 determines whether or not XON/XOFF handshaking is enabled:

SW1-7  Down XON/XOFF handshaking not supported.
SW1-7  Up XON/XOFF handshaking enabled.

SW1-8, SW1-9 and SW1-10 define the number of data bits, stop bits, and the parity
of RS-232 communication:

            SW1-8       SW1-9     SW1-10      Data Bits   Stop Bits       Parity
Down Down Down 7 1 Mark
Down Down Up 7 1 Space
Down Up Down 7 1 Even
Down Up Up 7 1 Odd
Up Down Down 8 1 None
Up Down Up 8 2 None
Up Up Down 8 1 Even
Up Up Up 8 1 Odd
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The communication rate of the RS-232 connection is defined by the position of the
jumper on the header labeled “Baud Rate COM0002” (revision B boards) or “Baud
Rate COM0001” (revision C boards).  The serial number of the mother board, located
below P8, contains a letter indicating the revision level.

Position of W14     1200 baud
Baud Rate Jumper W12     2400 baud

W10     4800 baud
W8     9600 baud
W6   19200 baud
W4         38400 baud

C.3. RESETTING THE MICROPROCESSOR SYSTEM

In the rare event that the microprocessor locks up or refuses to accept
downloaded information, follow these steps to reset the microproces-
sor:

1) Turn off the TEOM Control Unit.

2) Change the positions of all switches on SW1 (see Section C.1) to
their open (upward) position.

3) Turn on the control unit for approximately 15 seconds.

4) Turn off the control unit.

5) Reset SW1-1 to SW1-10 to their original positions (see Section
C.1).

6) Turn on the control unit.

7) Download the system software and time according to the instruc-
tions in Appendix D.

C.4. TUNING THE AMPLIFIER BOARD

The Amplifier Board is located in the TEOM Sensor Unit to the left of the mass
transducer.  It maintains the oscillation of the tapered element at its resonant frequency
and sends a squared frequency signal to the Counter Board located in the control unit.

The Amplifier Board should be re-tuned whenever a new sensor head assembly is
placed in the TEOM Sensor Unit.  Otherwise, the board does not ordinarily need any
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adjustment.

The following equipment is needed to tune the Amplifier Board:

Volt Meter
Oscilloscope

Execute the following procedure to tune the board:

1) Ensure that a TEOM filter is installed in the mass transducer.

2) Power up the instrument.  The unit should be at approximately
operating temperature before tuning.

3) Place the oscilloscope probe on TP0 (green) and GND (black).  Set
the oscilloscope sensitivity to 0.5 volts per division and a delay
time of 1 ms.  A slightly distorted sine wave of approximately 700
mV peak-to-peak should be present. If not, adjust R3 until the
wave amplitude is correct.

4) Place the oscilloscope probe on TP2 (orange) and GND (black).  A
sine wave of 20V peak-to-peak should be present.  If not, adjust
R6 until the wave amplitude is correct.

5) Place the multimeter on TP4 (blue) and GND (black).  A -1.0 ± 0.1
VDC signal should be present.  If not, adjust R29 until the signal
is correct

6) Place the oscilloscope probe on TP5 (white) and GND (black).  Set
the oscilloscope sensitivity to 5 volts per division and a delay
time of 1 ms.  A 16V peak-to-peak square wave should be
present.

7) Repeat the above procedure until the test points are within the
specified values without further adjustment.

Notes about other amplifier board test points

1)  TP6, TP7, TP8 and TP9 (gray) are the test points for the air, case, cap and external
thermistor channels, respectively.  The voltage should range from 4.9 VDC for an
open thermistor to 5.4VDC for a thermistor at 50°C.

2)  TP12, 13 and 14 (brown) are the test points for the case, cap and air heater channels,
respectively.  The voltage should be about 24VAC rms and will pulse on and off as
the heaters cycle.



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

APPENDIX C:  HARDWARE CONFIGURATION PAGE C-6

Revision B.000

Figure C-2.  Pin Assign-
ments on Integrated Circuit.

3)  JP2, 3 and 4 are jumpers corresponding to the air, cap and case thermistors,
respectively.  To measure the a thermistor resistance, pull the jumper in question and
place a multimeter across the +12V (red) test point and the top pin of the jumper.

4)  JP5, 6 and 7 are jumpers corresponding to the case, cap and air heaters, respectively.
To measure the a heater resistance, pull the jumper in question and place a multimeter
across the test point for that channel and the top pin of the jumper.

C.5. CHECKING AND REPLACING THE BATTERY BACKUP

If the Series 1400a monitor loses its software when it is powered up, it is very likely
that the batteries that back up the RAM chips could be run down.  Note that revision
B of the Series 1400a monitor's mother board contains two RAM chips, U33 and U39,
each having its own battery in the socket below the chip.  Newer versions of the mother
board, revision C and above, replace these two individual batteries with a single
battery located between locations P8 and P6.  The serial number of the mother board,
located below P8, contains a letter indicating the revision level.

To check the status of the batteries, turn off the Series 1400a monitor and remove the
bottom cover of the control unit.  Then take out the L-shaped analog input/output
board to expose the memory chips or the single battery on the mother board below.
With a volt meter, carefully place the “-” lead on pin 16 of U33 and the “+” lead on
pin 32 of the IC (Figure C-2).  The volt meter would show a voltage greater than 2.0
volts for the chip to retain its memory.  If the voltage is less than this level, the battery
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should be replaced.  Perform the same test for U39.

C.5.1. REPLACING THE BATTERY BACKUP ON A REVISION B BOARD

Use an IC removal tool or small screwdriver to replace the battery socket.  First remove
the RAM chip with the IC removal tool, or carefully use the screwdriver to pry one
end of the IC up and then the other end until the chip is free.  NOTE:  Do not insert
the screwdriver too deeply under the IC because this can damage the circuitry below
the chip.

Place the RAM chip on an anti-static surface before proceeding.  To remove the
battery socket, follow the same procedure as above.  Discard the old battery socket and
mate the RAM chip with the new battery socket.  Make sure that the notches at the top
of the IC and the socket line up, and that all of the pins of the IC insert properly into
the socket.  Next, insert the chip and socket into the socket on the motherboard.  Again,
note the orientation of the notches on the chip and socket, and make sure that the pins
insert properly.

Replace the plastic cover, the analog input/output board, and the bottom cover of the
control unit.  Re-start the system and re-load the software as set forth in Appendix D.

Part Numbers in U39 (Main Memory with Clock)
Entire Battery Backed Clock/RAM Module for U39 06-00982-0000
Battery/Clock Only 06-01629-0000
RAM Chip Only 06-01630-0000

Part Numbers in U33 (Auxiliary Memory)
Entire Battery Backed/RAM Module for U33 06-01631-0000
Battery Only 06-01628-0000
RAM Chip Only 06-01630-0000

C.5.2. REPLACING THE BATTERY BACKUP ON A REVISION C BOARD

Using a pair of needle nose pliers, slightly lift the clip holding the battery in place and
pop the battery out of its housing with a small screwdriver.  Replace the new battery
using a similar method.

Part Numbers on the Revision C (and higher) Board

RAM Chip in U39 Only06-01630-0000
RAM Chip in U33 Only06-01630-0000
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Battery (round) (Panasonic 3V, BR2325) 12-02049-0000

C.6. INPUT/OUTPUT CONNECTIONS

The following is a listing of the input/output channel assignments in the Series 1400a
monitor:

Analog Input
A/I 0 Main Flow Controller
A/I 1 Case Thermistor (Mass Transducer)
A/I 2 Air Thermistor
A/I 3 Cap Thermistor
A/I 4 Enclosure Thermistor (AA), User Input 0 (AB)
A/I 5 User Input 0 (AA), Vacuum (AB)
A/I 6 Pressure Transducer (Filter)
A/I 7 Bypass Flow Controller
A/I 8 Ambient Temperature (AB)
A/I 9 Ambient Pressure (AB)
A/I 10 User Input 1 (AB)
A/I 11 User Input 2 (AB)
A/I 12 User Input 3 (AB)
A/I 13 User Input 4 (AB)
A/I 14 User Input 5 (AB)
A/I 15 User Input 6 (AB)

Analog Output
A/O 0 Main Flow Controller
A/O 1 User Analog Output 1
A/O 2 User Analog Output 2
A/O 3 Bypass Flow Controller
A/O 4 User Analog Output 3
A/O 5 Spare
A/O 6 Spare
A/O 7 Spare

Digital I/O
Channel 0 ACCU Bypass Valve
Channel 1 ACCU Channel 1
Channel 2 ACCU Channel 2
Channel 3 ACCU Channel 3
Channel 4 ACCU Channel 4
Channel 5 ACCU Channel 5
Channel 6 ACCU Channel 6
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Channel 7 ACCU Channel 7
Channel 8 Status Light
Channel 9 Contact Closure 1
Channel 10 Contact Closure 2
Channel 11 Case Heater
Channel 12 Air Heater
Channel 13 Cap Heater
Channel 14 Enclosure Heater (AA), Spare (AB)
Channel 15 ACCU Channel 8
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Appendix D:  Downloading New System Software

The software that drives the Series 1400a monitor is stored in battery-backed random
access memory (RAM).  As such, new revisions of the system software can be loaded
directly into the instrument with an IBM AT-compatible personal computer and the
cables provided with the monitor.  This Section describes the procedure for download-
ing the software for the Series 1400a monitor into the instrument.

First, the IBM AT-compatible computer must be connected to the sensor unit of the
Series 1400a monitor.

Follow the procedure below to connect the computer with the sensor
unit:

1) Connect one end of the 9-to-9 Pin Computer Cable (07-000587) to
one of the RS-232 ports on the control unit.

2) Make sure that nothing is connected to the other RS-232 port of
the sensor unit.

3) If the computer is equipped with a 9-pin RS-232 connector, plug
the other end of the 9-to-9 Pin Computer Cable into the selected
RS-232 port of the personal computer.  If the port on the com-
puter has 25 pins, use the 9-to-9 Pin Computer Cable in
conjunction with the 9-to-25 Pin Computer Adapter (51-001079) to
form the connection between the two units.  Do not  use the 9-to-
25 Pin Modem Cable, which is configured for use with a modem.

4) If the instrument is not in its Main Screen, press <Main/Status> to
display the Main Screen.

5) Press <F2> on the keypad of the control unit until “N” appears in
the RS-232 Mode field of the Main Screen's status line (Figure 4-
3).  The instrument must remain in the “None” RS-232 Mode while
executing the computer routines described in this Section.

Then, download the system software from the personal computer to the control unit.

Download the Series 1400a software using the following procedure:

1a)  If the TEOM instrument is a Series 1400a monitor (not an updated
Series 1400 monitor), type the following at the MS-DOS command
line (see below for explanation of arguments):

LOADALL [i] [p] [bbbbb]  <Enter>

1b)  If the TEOM instrument is an updated Series 1400 monitor  that
has been converted to a Series 1400a monitor, type the following
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at the MS-DOS command line (see below for explanation of
arguments):

LOADMOD [i] [p] [bbbbb]  <Enter>

where:

[i] is an optional parameter specifying the revision level of the Series 1400a
monitor.  The devault value, B, represents the AB version of the instrument.
Enter A for this parameter in the case of an AA revision of the monitor.

[p] is an optional parameter specifying the serial port (i.e., COM1 or COM2) used
on the personal computer connected to the control unit.  This parameter does not
need to be entered if RS-232 port 1 is being used on the personal computer

[bbbbb] is an optional parameter for the baud rate at which the RS-232 port
of the control unit is configured.  Examples of baud rates that can be entered are
1200, 2400, 4800, 9600, or 19200.

If an MS-DOS “environment error” occurs during the execution of one of the
above software loading commands, add the following statement to the
CONFIG.SYS file of your computer:

SHELL = C:\DOS\COMMAND.COM /P /E:768

2) The computer-based downloading program then pauses while the
first loading phase is executed in the TEOM Control Unit.

3) Once a blinking light appears on the control unit, press any key
on the personal computer to activate the second software load-
ing phase.

4) Once the introductory screen has disappeared from the four-line
display, press <Data Stop> to enter the Setup Mode.

5) Switch to the Set Hardware Screen by selecting “Set Hardware”
from the Menu Screen (press <Step Screen>).

6) IMPORTANT NOTE:  The calibration constant is not retained in the
instrument's memory when software is loaded into Series 1400
upgrade units  (as opposed to true Series 1400a monitors).
Change the value of the Calibration Constant using the <Edit>
key to the value shown on the nameplate on the left side of the
mass transducer cage in the sensor unit.

7) Press <Step Screen> to enter the Set Temps/Flows Screen.  Enter
the parameters required for automatic temperature and pressure
compensation, or the average pressure and seasonal average
temperatures on the lines entitled “P-A/S” and “T-A/S” (Section
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4.6.1).  Edit only the left-hand number shown on these lines.  The
right-hand numbers are the standard pressure and standard
temperature, and should ordinarily not be changed.  To select the
left-hand number for editing, push the <¬> key after pressing
<Edit>.

8) Press <Main/Status> to bring up the Main Screen.

9) Change other optional system parameters such as the time (Sec-
tion 4.10), analog output settings (Section 5.1), contact closure
settings (Section 5.2), RS-232 settings (Section 6 and Appendix
H), and analog input conversions (Section 5.3).

10)  Press <F1> or <Run> to initiate the data collection sequence by
entering mode 1.
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Appendix E:  Listing of Consumables and Parts

This Appendix lists the part numbers of the consumables and system components
used in the TEOM Series 1400a Ambient Particulate (PM-10) Monitor.

E.1. LISTING OF CONSUMABLES

The following list calls out the consumables used in the mass detection and sample
handling systems of the Series 1400a monitor.

Consumables

Part Number Description

57-000397-0010 Box of 10 TEOM Filter Cartridges (TX40 Media)

57-000397-0020 Box of 20 TEOM Filter Cartridges (TX40 Media)

32-000380 In-Line Filter (revision AA instruments only)

57-002758 Large Bypass In-Line Filter

30-003097 Flow Controller Filter (revision AB instruments only)

An Annual Consumables Kit (59-003578) available from R&P contains the following
items:

1 57-000397-0020 Box of 20 TEOM Filters, TX40
4 57-002758 Large Bypass In-Line Filters
2 30-003097 Flow Controller Filters, 25 mm

E.2. LISTING OF SYSTEM COMPONENTS

This subsection contains the R&P part numbers for Series 1400a monitor replacement
parts.  For end users in the U.S., spare parts and consumables should be ordered
directly from R&P at the address and phone number below.  In international markets,
contact your distributor.

Rupprecht & Patashnick Co., Inc
25 Corporate Circle
Albany, NY  12203  USA
telephone  518/452-0065
fax  518/452-0067

Outside of the U.S., order spare parts and consumables from your distributor.
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Control Unit Components (refer to Figures E-1 and E-2)

Part Part Number Description

1 10-001589-0USA Display/Keypad

2 03-003407 Transformer ±15V @250mA

3 03-003408 Transformer ±12V @10.8A

4 10-000233 Power Supply, 15V, 0.8A

5 04-003316 Power Line Filter, Corcom, 6A

6 50-003232 Interface Board

7 55-003326 Mass Flow Controller Assembly

8 10-001594-0006 Main Computer Board

9 10-001595-0016 Analog I/O Board

10 10-000394 Counter Board

Fuses (Not Shown)

04-003417 0.5 A @ 250 V (Voltage Set Switch)

04-003419 2 A @ 250 V (In-Line Fuse)

04-003576 5 A @ 250 V (F301 on Interface Board, w/ spare)

04-003577 1.6 A @ 250 V (F302 on Interface Board, w/ spare)

04-003267 1 A @ 230 V (Slow Blow in Corcom, 230 V op)

04-003268 2 A @ 115 V (Slow Blow in Corcom, 115 V op)
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Figure E-1.  Inside of
Control Unit Viewed from
Back.

Figure E-2.  Inside of
Control Unit Viewed from
Front.
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Sensor Unit Components (refer to Figure E-3)

Part Part Number Description

1 54-002821 Mass Transducer

2 56-002744 Probe Air Thermistor

3 50-002820 Amplifier Board

Figure E-3.  Sensor Unit
with Enclosure Door Open.
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Exterior Components (refer to Figure E-4)

Part Part Number Description

1 57-000596 R&P PM-10 Inlet (16.7 l/min)

2 57-000604 Support Tripod

3 51-000399-0003 3-Meter Electric & Air Tube Cable Assembly

4 51-000399-0010 10-Meter Electric & Air Tube Cable Assembly

5 51-000399-0020 20-Meter Electric & Air Tube Cable Assembly

6 10-003056 R&P PM-1 Inlet (16.7 l/min)

7 10-002319 R&P PM-2.5 Inlet (16.7 l/min)

8 10-002929 U.S. TSP Inlet (16.7 l/min)

9 57-002269 German TSP Inlet with 1 1/4" Adapter (16.7 l/min)

10 [nothing shown]

11 57-000607 MST 2.5 Micron Indoor Inlet (4 l/min)

12 57-000608 MST 10 Micron Indoor Inlet (4 l/min)
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Figure E-4.  Exterior
Components of the Series
1400a Monitor.
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Parts in R&P PM-10 Inlet (refer to Figure E-5)

Part Part Number Description

1 000745 Top Plate with Deflector Cone

2 000620 Spacer (0.25" OD x 0.15" ID x 1.25")

3 000464 Protector Screen

4 000746 Lower Plate with Rain Deflector

5 000747 Acceleration Assembly

6 000436 Collector Assembly

7 000622 Fitting

8 000624 Cap

9 000648 Cap Seal

10 32-000625 Rain Jar

11 22-000485-1026 O-Ring

12 22-000485-1036 O-Ring (Impactor Nozzle)

13 000623 Socket Plug



Operating Manual, Series 1400a Ambient Particulate (PM-10) Monitor

APPENDIX E:  LISTING OF CONSUMABLES AND SPARE PARTS PAGE E-8

Revision B.001

Figurre E-5.  Parts Diagram
of the R&P PM-10 Inlet.
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Appendix F:  Maintenance of Inlets

This Appendix contains the maintenance procedures for the Rupprecht & Patashnick
PM-10 Inlet, as well as other inlets  for PM-2.5 and PM-1 measurements.  A procedure
for cleaning the ACCU In-Line 2.5 µm Inlet is also included.

F.1. MAINTENANCE OF R&P PM-10 INLET

F.1.1. RECOMMENDED SUPPLIES FOR MAINTENANCE

An alcohol or ammonia-based general-purpose cleaner, cotton swabs, small soft-
bristle brush, paper towels, distilled water, silicone-based stopcock grease.

F.1.2. RECOMMENDED TOOLS FOR MAINTENANCE

A small screwdriver, small crescent wrench, pocket knife.

F.1.3. MAINTENANCE FREQUENCY

R&P recommends the removal, cleaning and O-Ring check of the PM-10 inlet twice
a year.

F.1.4. MAINTENANCE PROCEDURE

• To remove the sampler inlet, gently lift the complete inlet upward off the
aluminum male inlet tube.

• Disassemble the upper and lower inlet halves by unscrewing counter-
clockwise the top acceleration assembly from the lower collector assembly
(Figure F-1).

F.1.5. MAINTENANCE OF THE TOP ACCELERATION ASSEMBLY

• Mark the top plate deflector cone and lower plate with a pencil scribe to
facilitate proper orientation for easier reassembly after cleaning and
maintenance.

• Using a philips-blade screwdriver, remove the four pan head screws from
the top of the top plate, and lift the top plate off the four threaded spacer
stand-offs and set aside.
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Figure F-1.  Main Sections
of the R&P PM-10 Inlet.
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• Inspect the insect screen for contamination and clean by lifting the screen
off the lower plate rain deflector and brush or rinse with water until clean.
Dry and reinstall.

• Using a general-purpose cleaner and paper towel, clean the top plate
deflector cone and internal wall surface of the acceleration assembly.

NOTE:  Be sure that after cleaning the acceleration nozzle is clean.  If not,
use a cotton swab and cleaner to remove contamination.

• Inspect the large diameter impactor nozzle o-ring for wear.  Replace, if
necessary, or using a light coating of silicone grease, apply a thin film on
the o-ring itself, and likewise a small light coating on the aluminum
threads of the acceleration assembly.

 • After re-installing the bug screen, align the top plate markings with the
lower plate markings.  The 4 holes in the top plate should align with the
four spacer stand offs.  Insert and tighten securely the four pan-head
screws.

Maintenance of the Lower Collector Assembly
• It is on the collector plate that most of the contamination in the inlet is

found.

The threads should be cleaned to facilitate a good tight seal when the two
halves are reassembled.

• Using a general-purpose cleaner with a paper towel, clean the collector
assembly walls and three vent tubes.  A cotton swab may be necessary to
clean these vent tubes.  Likewise, clean the bottom side of the collector
assembly.

• Using a cotton swab, also clean the weep hole in the collector plate where
the moisture runs out to the moisture trap.  Remove the rain jar and clean.
Inspect the brass nipple fitting to ensure tightness and non-blockage.
When re-installing the rain jar, place a small light coating of silicone
grease on the cork gasket inside the cap of the rain jar.  This will ensure
a leak-free fit.

• Inspect the two inlet-to-male-inlet tube sealing o-rings for wear.  Replace,
if necessary.  Use a light coating of silicone grease on these o-rings to
ensure that a seal is made when re-installed on the male inlet tube.
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• Reassemble the top and bottom inlet assemblies until the threads tighten.
Hand-tighten only.

• Place the inlet back on top of the male inlet tube carefully.  Take care not
to damage the internal o-rings.

For further information or parts, please consult with R&P with reference to the R&P
PM-10 Inlet or Sierra-Andersen about the 246b inlet.  A listing of spare parts for the
R&P PM-10 Inlet is provided in Appendix E.

F.2. MAINTENANCE OF R&P PM-2.5 AND PM-1 INLETS

Since the R&P PM-1 and PM-2.5 inlets (Figure F-2) are of similar construction, the
procedure for maintaining them is identical.  The cyclone must be cleaned periodically
to prevent build-up of particulate matter and contaminants.  R&P recommends a
cleaning rate of once every one to three months.  The frequency for routine
maintenance may depend upon the average concentration of the particulate matter
and/or the species being sampled.

Follow the procedure below to maintain the PM-1 and PM-2.5 inlets:

1) Disassemble the cyclone inlet and the cyclone bottom from the
main cyclone body.

2) Soak in soapy water (any non-organic laboratory detergent).  Do
not scrub , since scrubbing may damage the Teflon ® coating.

3) Rinse with deionized water many times.  The last rinse may be
with acetone to facilitate drying.  The inlet can also be dried with
air.

4) Re-assemble and cap until ready for re-use, or re-install on the 1
1/4" OD sample tube.

F.3. MAINTENANCE OF PM-2.5 IN-LINE ACCU INLET

The PM-2.5 In-Line ACCU Inlet must be cleaned periodically to prevent the build-
up of particulate matter and contaminants.  R&P recommends the cleaning of this part
everytime a TEOM filter is exchanged in the sensor unit of the instrument.
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Figure F-2.  Construction of
R&P PM-2.5 and PM-1
Inlets.

Follow the procedure below to maintain the inlet:

1) Disassemble the inlet.

2) Soak in soapy water (any non-organic laboratory detergent).  Do
not scrub , since scrubbing may damage the Teflon ® coating.

3) Rinse with deionized water many times.  The last rinse may be
with acetone to facilitate drying.  The inlet can also be dried with
air.

4) Re-assemble the inlet.

5) Place a small drop of impactor plate oil (part number 22-002666)
onto the center of the impactor plate.  If it is not all absorbed
within 30 seconds, wipe off any remaining oil.

6) Cap the inlet until ready for use, or re-install in sampling system.
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Appendix G:  Listing of ASCII Codes

The following is a partial listing of ASCII codes that are used at certain points in the
TEOMPLUS software:

Code                         Character

048 0
049 1
050 2
051 3
052 4
053 5
054 6
055 7
056 8
057 9

065 A
066 B
067 C
068 D
069 E
070 F
071 G
072 H
073 I
074 J
075 K
076 L
077 M
078 N
079 O
080 P
081 Q
082 R
083 S
084 T
085 U
086 V
087 W
088 X
089 Y
090 Z
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Appendix H:  Communications Quick Start

This Appendix sets forth the most-commonly used procedures for interacting with the
Series 1400a monitor through its RS-232 port.

Execute the following steps to view set-up parameters and data from a
personal computer:

1) Connect the supplied 9-to-9 pin cable from the TEOM monitor to
an RS-232 port on a personal computer.

2) Set up the RS-232 protocol in the Series 1400a monitor to “None”
(default).

3) From the PC directory containing the Series 1400a software, type
“VIEW x 9600  <Enter>,” where x is the com port number on the
PC.  Parameters and TEOM data should now display on the
computer screen.

4) Press <PgDn> and <PgUp> to switch among set-up screens.

5) Remember to press <F2> to enable the input of commands.  Type
“Quit  <Enter>” to exit the VIEW program.

Perform the following procedure to download stored data to a personal
computer:

1) Connect the supplied 9-to-9 pin cable from the TEOM monitor to
an RS-232 port on a personal computer.

2) Set up the RS-232 protocol in the Series 1400a monitor to “AK
Protocol.”

3) From the PC directory containing the Series 1400a software, type
“TEOMCOMM  <Enter>.”

4) Ensure that the TEOMCOMM software is interacting properly with
the Series 1400a monitor by requesting the current value of one
of the instrument's registers.  For example, type “35” to request
the percentage of filter loading.  The monitor should return a
value corresponding to what is displayed on the status line of the
instrument's Main Screen.

5) To download data, position the command selector on the PC to
“Fast Storage Out” and press <Enter>.  Then follow the screen
prompts to give the resulting data file a specific name and follow
the displayed instructions to set the TEOM monitor to its “Fast
Store Out” mode.

6) Data records obtained since the time of the last download are
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then transmitted from the Series 1400a monitor to the personal
computer.

7) Re-set the RS-232 protocol on the TEOM monitor to “None.”
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IndeIndeIndeIndeIndexxxxx

A
a/o 4-16, 5-1
ACCU software 11-2
ACCU system 5-7, 9-1
air inlet system 7-3
air temperature 4-10
air thermistor 7-3
AK protocol 6-9, 6-26
ambient pressure 4-20, 4-21, 8-12
ambient pressure sensor 4-21
ambient temperature 4-20, 4-21, 8-11
ambient temperature sensor 4-21
amplifier board C-4
analog connector 5-1, 5-2
analog i/o calibration 8-3
analog input 4-31, 5-6, 8-5
analog input jumper 5-7
analog output 5-1, 8-4
analog output 1 mode 4-8, 5-2
analog output jumper 5-2
auxiliary flow 4-10
auxiliary flow controller 8-2
average pressure 1-13, 4-1, 4-21, 4-

22, D-3
average temperature 1-13, 4-1, 4-21, 4-

22, D-3

B
battery backup 4-25, C-6
bypass flow 2-11, 8-2
bypass flow cap 2-10
bypass flow line 1-6, 2-2

C
calibration 8-1
calibration constant 1-8, 1-9, 4-23, 8-

8, D-2
calibration intervals 8-1
cap temperature 4-10
case temperature 4-10
clock/calendar 4-25
CMOS memory 4-25
com 2-way settings screen 6-9
com print settings screen 6-3
complete outdoor enclosure 2-11, 10-1
computer connection 6-4
consumables E-1

contact closure circuit 5-4
control unit 1-3, 1-4, 1-6, 2-1, 2-2, 2-

3, 2-4, 4-1
cursor keys 4-13

D
data logging 4-28, 4-31, 6-7
data output connectors 5-1, 5-2
data stop 4-11
date 4-27
DIP switch 1 C-1, C-3
DIP switch 2 C-1, C-3
DIP switches C-1, C-3
disk files D-1
display 4-16
downloading software D-1
downloading stored data 6-7

E
edit 4-17
editing 4-17
equilibration 1-10

F
F1 4-11
F2 6-1
F2 TEOMPLUS command 11-6
F5 4-8
F7 9-14
F8 9-14
filter exchange 3-1, 4-8, 4-11
filter exchange tool 3-2
filter installation 3-1, 3-2
filter lifetime 3-1, 4-11
fine particulate filter 7-2
flow audit 8-10
flow audit adapter 2-10, 7-4, 8-10
flow controller 1-6, 2-8, 8-2
flow controller calibration 8-1, 8-6
flow splitter 1-6, 2-2, 2-8, 2-10
flow system 1-5, 1-6
flows 4-19
Frequency 4-10
function keys 4-19

G
German ambient network protocol 6-9, 6-

34
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H
hardware configuration 2-2, C-1
hardware switch settings C-1
humidity 1-4

I
in-line filter 1-6
INPUTS software 11-3
installation 2-1
instantaneous MC 1-12

K
keypad 4-13, B-1
keypad setup C-2
Ko 1-8, 8-8

L
leak check 8-11
leak testing 7-3
LOAD TEOMPLUS command 11-6
lock 4-25
locking 4-9, 4-25

M
main flow 4-10
main screen 4-3, 4-16
main/status 4-13, 4-16
maintenance 7-1
maintenance intervals 7-1
mass computation 1-9
mass concentration 1-4, 4-9
mass concentration averages 4-10
mass concentration factor 4-24
mass flow controller 1-12
mass flow rate 1-12
mass transducer 1-3, 1-5, 1-6, 1-7, 8-8
menu screen 4-13
meteorological data 5-9
microprocessor C-1, C-4
modem connection 6-4
MR/MC averaging time 4-23

N
no key 4-18
noise 4-10

O
operating mode 1-10, 4-7, 4-11
operation 1-4
outdoor enclosure 2-12

P
parts E-1
PC data logging 11-6
PC-based software 11-1
PM-10 inlet 1-3, 1-4, 1-6, 2-1, 2-2, 7-2
power down 4-2
power failure 4-25
power up 4-2
PRC A-1
program register code 4-17, A-1
protection 4-9, 4-25
pump 1-6
push-to-connect fitting 2-7

Q
QUIT TEOMPLUS command 11-6

R
R&P protocol 6-9, 6-21
rack mounting 2-1
re-initialization 4-12
REPORT TEOMPLUS command 11-6
reset 1-10
resetting the microprocessor C-4
RS-232 4-16, 6-1
RS-232 cables and adapters 6-2
RS-232 communication 6-1, C-3
RS-232 mode 4-8, 6-1
RS-232 protocols 6-8
RS-232 settings 6-2
run 4-11

SSSSS
sample filter 1-6
sample flow 8-11
sample line 2-1
sample tube 1-6
SCAN OFF TEOMPLUS command 11-6
SCAN ON TEOMPLUS command 11-6
screens 4-13, B-1
sensor unit 1-3, 1-4, 1-6, 2-1, 2-2, 2-

3, 2-8
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serial communication 10-1, C-3
serial connector 5-1, 5-2
serial number 4-23
set ACCU system screen 9-9
set analog outputs screen 5-1
set hardware screen 4-23
set passwords screen 4-26
set rs-232 modes screen 6-1
set storage screen 4-30
set temps/flows screen 4-19
set time screen 4-27
software D-1
software version 4-24
spare parts E-1
stabilization period 1-10
standard pressure 1-13, 4-21, 4-22
standard temperature 1-13, 4-21, 4-22
station 4-31, 6-3
status code 4-3
status code screen 4-6
status line (main screen) 4-3
status watch 4-8, 5-4
step screen 4-16
stop all 4-12
store 4-16, 4-28
SW1 C-1
SW2 C-1
system components 1-4, E-1
system configuration 1-3
system operation 4-1
system software D-1

T
tapered element 1-5
temperature requirements 1-10
temperatures 4-19
TEOM filter 1-4, 3-1
TEOMCOMM software 6-10
TEOMPLUS software 11-1
TEOMPLUS software commands 11-5
time 4-9, 4-27
time/date 4-16
TM averaging time 4-23
total flow 8-10
total mass 4-10
tripod 2-2, 2-9
tuning the amplifier board C-4
two-way serial communication 10-1

U
units 4-17
units of measure 4-17

V
view ACCU system screen 9-8
view analog inputs screen 5-7
VIEW software 11-2
view storage screen 4-28
volumetric flow 8-2
volumetric flow rate 1-12

W
wait time 4-23
wind direction 4-31
wind speed 4-31
wind velocity 4-31

Y
yes key 4-18
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