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Seller warrants the goods, excluding software, sold hereunder, under normal use and service as
described in the operator's manual, to be free from defects in workmanship and material for 12 months,
or if less, the length of time specified in the operator's manual, from the date of shipment to the customer.
This warranty period is inclusive of any statutory warranty. This limited warranty is subject to the following
exclusions and exceptions:

a. Hot-wire or hot-film sensors used with research anemometers, and certain other components when
indicated in specifications, are warranted for 90 days from the date of shipment;

b. Pumps are warranted for hours of operation as set forth in product or operator’s manuals;

c. Parts repaired or replaced as a result of repair services are warranted to be free from defects in
workmanship and material, under normal use, for 90 days from the date of shipment;

d. Seller does not provide any warranty on finished goods manufactured by others or on any fuses,
batteries or other consumable materials. Only the original manufacturer's warranty applies;

e. This warranty does not cover calibration requirements, and seller warrants only that the instrument
or product is properly calibrated at the time of its manufacture. Instruments returned for calibration
are not covered by this warranty;

f.  This warranty is VOID if the instrument is opened by anyone other than a factory authorized service
center with the one exception where requirements set forth in the manual allow an operator to
replace consumables or perform recommended cleaning;

g. This warranty is VOID if the product has been misused, neglected, subjected to accidental or
intentional damage, or is not properly installed, maintained, or cleaned according to the
requirements of the manual. Unless specifically authorized in a separate writing by Seller, Seller
makes no warranty with respect to, and shall have no liability in connection with, goods which are
incorporated into other products or equipment, or which are modified by any person other than
Seller.

The foregoing is IN LIEU OF all other warranties and is subject to the LIMITATIONS stated herein. NO
OTHER EXPRESS OR IMPLIED WARRANTY OF FITNESS FOR PARTICULAR PURPOSE OR
MERCHANTABILITY IS MADE. WITH RESPECT TO SELLER’S BREACH OF THE IMPLIED
WARRANTY AGAINST INFRINGEMENT, SAID WARRANTY IS LIMITED TO CLAIMS OF DIRECT
INFRINGEMENT AND EXCLUDES CLAIMS OF CONTRIBUTORY OR INDUCED INFRINGEMENTS.
BUYER’S EXCLUSIVE REMEDY SHALL BE THE RETURN OF THE PURCHASE PRICE
DISCOUNTED FOR REASONABLE WEAR AND TEAR OR AT SELLER’S OPTION REPLACEMENT
OF THE GOODS WITH NON-INFRINGING GOODS.

TO THE EXTENT PERMITTED BY LAW, THE EXCLUSIVE REMEDY OF THE USER OR BUYER,
AND THE LIMIT OF SELLER'S LIABILITY FOR ANY AND ALL LOSSES, INJURIES, OR DAMAGES
CONCERNING THE GOODS (INCLUDING CLAIMS BASED ON CONTRACT, NEGLIGENCE, TORT,
STRICT LIABILITY OR OTHERWISE) SHALL BE THE RETURN OF GOODS TO SELLER AND THE
REFUND OF THE PURCHASE PRICE, OR, AT THE OPTION OF SELLER, THE REPAIR OR
REPLACEMENT OF THE GOODS. IN THE CASE OF SOFTWARE, SELLER WILL REPAIR OR
REPLACE DEFECTIVE SOFTWARE OR IF UNABLE TO DO SO, WILL REFUND THE PURCHASE
PRICE OF THE SOFTWARE. IN NO EVENT SHALL SELLER BE LIABLE FOR LOST PROFITS,
BUSINESS INTERRUPTION, OR ANY SPECIAL, INDIRECT, CONSEQUENTIAL OR INCIDENTAL
DAMAGES. SELLER SHALL NOT BE RESPONSIBLE FOR INSTALLATION, DISMANTLING OR
REINSTALLATION COSTS OR CHARGES. No Action, regardless of form, may be brought against


mailto:particle@tsi.com
http://www.tsi.com/

Service Policy

Software License
(effective March 1999)

Trademarks

Seller more than 12 months after a cause of action has accrued. The goods returned under warranty to
Seller's factory shall be at Buyer's risk of loss, and will be returned, if at all, at Seller's risk of loss.

Buyer and all users are deemed to have accepted this LIMITATION OF WARRANTY AND LIABILITY,
which contains the complete and exclusive limited warranty of Seller. This LIMITATION OF
WARRANTY AND LIABILITY may not be amended, modified or its terms waived, except by writing
signed by an Officer of Seller.

Knowing that inoperative or defective instruments are as detrimental to TSI as they are to our customers,
our service policy is designed to give prompt attention to any problems. If any malfunction is discovered,
please contact your nearest sales office or representative, or call TSI Customer Service at 1-800-874-2811
(USA) or 651-490-2811.

This is a legal agreement between you, the end user, and TSI Incorporated. BY INSTALLING THE
SOFTWARE, YOU ARE AGREEING TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF
YOU DO NOT AGREE TO THE TERMS OF THIS AGREEMENT, PROMPTLY RETURN THE
UNOPENED PACKAGE AND THE ACCOMPANYING ITEMS (including written materials and binders
or other containers) to TSI for a full refund.

1. GRANT OF LICENSE. TSI grants to you the right to use one copy of the enclosed TSI software
program (the “SOFTWARE”), on a single computer. You may not network the SOFTWARE or
otherwise use it on more than one computer or computer terminal at the same time.

2. COPYRIGHT. The SOFTWARE is owned by TSI and is protected by United States copyright laws
and international treaty provisions. Therefore, you must treat the SOFTWARE like any other
copyrighted material (e.g., a book or musical recording) except that you may either (a) make one copy
of the SOFTWARE solely for backup or archival purposes, or (b) transfer the SOFTWARE to a single
hard disk provided you keep the original solely for backup or archival purposes.

3. OTHER RESTRICTIONS. You may not rent or lease the SOFTWARE, but you may transfer the
SOFTWARE and accompanying written material on a permanent basis, provided you retain no copies
and the recipient agrees to the terms of this Agreement. You may not reverse-engineer, decompile, or
disassemble the SOFTWARE.

4. DUAL MEDIA SOFTWARE. If the SOFTWARE package contains multiple types of media, then you
may use only the media appropriate for your single-user computer. You may not use the other media
on another computer or loan, rent, lease, or transfer them to another user except as part of the
permanent transfer (as provided above) of all SOFTWARE and written material.

5. U.S. GOVERNMENT RESTRICTED RIGHTS. The SOFTWARE and documentation are provided
with RESTRICTED RIGHTS. Use, duplication, or disclosure by the Government is subject to the
restrictions set forth in the “Rights in Technical Data and Computer Software” Clause at 252.227-7013
and the “Commercial Computer Software - Restricted Rights” clause at 52.227-19.

6. LIMITED WARRANTY. TSI warrants that the SOFTWARE will perform substantially in accordance
with the accompanying written materials for a period of ninety (90) days from the date of receipt.

7. CUSTOMER REMEDIES. TSI's entire liability and your exclusive remedy shall be, at TSI’s option,
either (a) return of the price paid or (b) repair or replacement of the SOFTWARE that does not meet
this Limited Warranty and which is returned to TSI with proof of payment. This Limited Warranty is
void if failure of the SOFTWARE has resulted from accident, abuse, or misapplication. Any
replacement SOFTWARE will be warranted for the remainder of the original warranty period or thirty
(30) days, whichever is longer.

8. NO OTHER WARRANTIES. TSI disclaims all other warranties, either express or implied, including,
but not limited to implied warranties of merchantability and fitness for a particular purpose, with regard
to the SOFTWARE and the accompanying written materials.

9. NO LIABILTY FOR CONSEQUENTIAL DAMAGES. In no event shall TSI be liable for any damages
whatsoever (including, without limitation, special, incidental, consequential or indirect damages for
personal injury, loss of business profits, business interruption, loss of information or any other
pecuniary loss) arising out of the use of, or inability to use, this SOFTWARE.

Microsoft and Excel are registered trademarks of Microsoft Corporation.

Windows and Access are trademarks of Microsoft Corporation.

Swagelok is a registered trademark of Swagelok® Companies, Solon, Ohio.

Fast Mobility Particle Sizer, FMPS, Scanning Mobility Particle Sizer, and SMPS are trademarks of TSI
Incorporated.
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Safety

This section gives instructions to promote safe and proper operation of the
Model 3091 Fast Mobility Particle Sizer™ (FMPS™) Spectrometer.
Samples of warnings and information on labels attached to the instrument
chassis are also presented.

Description of Caution Symbol

The following symbol and an appropriate caution statement are used
throughout the manual and on the FMPS spectrometer to draw attention to
any steps that require you to take cautionary measures when working with
the Model 3091

Caution

Caution

Caution means be careful. It means if you do not follow the procedures
prescribed in this manual you may do something that might result in
equipment damage, or you might have to take something apart and start
over again. It also indicates that important information about the operation
and maintenance of this instrument is included.

Warning

WARNING

Warning means that unsafe use of the instrument could result in serious
injury to you or cause irrevocable damage to the instrument. Follow the
procedures prescribed in this manual to use the instrument safely.




Caution or Warning Symbols

The following symbols may accompany cautions and warnings to indicate
the nature and consequences of hazards:

may have sufficient magnitude to cause electric shock.
Therefore, it is dangerous to make any contact with any part
inside the instrument.

Warns you that the instrument is susceptible to electro-static
dissipation (ESD) and ESD protection procedures should be
followed to avoid damage.

@ Indicates the connector is connected to earth ground and

f Warns you that uninsulated voltage within the instrument

cabinet ground.

Electrical Safety

The FMPS spectrometer has high-voltage points within its cabinet. Only a
qualified technician should perform service or maintenance.

WARNING
High voltage is accessible in several locations within these instruments.
Make sure you unplug the power source before removing the cover or
performing maintenance procedures.

Labels

The FMPS spectrometer has labels on the back of the instrument and on
interior components. Labels are described below:

1 Serial Number Label (back of cabinet) ( € Model[309700
Date [YULY 2008

SN: 78507279
[[FIAEEN TR
500 Cardigan Road
'a Shoreview, Minnesota 55126
‘ 1-800-490-2811

651-490-2811 Made in US.A.

Vi Model 3091 Fast Mobility Particle Sizer™ Spectrometer



2 Caution, No Serviceable Parts Label
(back of cabinet)

CAUTION

No user serviceable parts inside.
Refer service to qualified personnel.

To avoid electrical shock, the
power cord protective grounding
conductor must be connected

{to earth ground.

3 Customer Service Label (back of
cabinet)

For Service and Information
Contact TSI Customer Service

www.tsi.com

500 Cardigan Road
Qa‘ Shoreview, MN 55126
US.A.

4 High-Voltage Symbol Label (interior,
on power entry module)

5 Ground Symbol Label (interior,
bottom, next to ground stud)

Safety

Vii



Lifting Caution
The Fast Mobility Particle Sizer spectrometer weighs 32 kg (70 Ibs). To
protect your back when lifting:

« Get help from another person to move the instrument. The
instrument is equipped with handles to allow for two people to safely
lift it.

« Transport the instrument on a cart whenever possible.

« Lift with your legs while keeping your back straight.

« Keep the instrument close to your body as you lift.

Improved
Poor
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About This Manual

Purpose

This is an operation and service manual for the Model 3091 Fast Mobility
Particle Sizer (FMPS) Spectrometer.

Related Product Literature

The following TSI product manual may be of interest. Copies of these may
be viewed on the TSI website, www.tsi.com.

« Model 3936 SMPS™ Scanning Mobility Particle Sizer Instruction
Manual (part number 1933796) TSI Incorporated

Submitting Comments

TSI values your comments and suggestions on this manual. Please use
the comment sheet on the last page of this manual to send us your opinion

on the manual’s usability, to suggest specific improvements, or to report
any technical errors.

If the comment sheet has already been used, please mail, fax or email
your comments on another sheet of paper to:

TSI Incorporated

500 Cardigan Road
Shoreview, MN 55126
USA

Fax: (651) 490-3824
Email: particle@tsi.com
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CHAPTER 1
Product Overview

This chapter contains an introduction to the Model 3091 Fast Mobility
Particle Sizer (FMPS) Spectrometer and provides a brief explanation of
how the system operates.

Product Description

The Model 3091
(Figure 1-1) -
spectrometer measures

submicrometer aerosol

particles over a wide

range from 5.6 to

560 nm. Due to its

unique design, the

FMPS spectrometer is \ ’
capable of making I
particle size distribution

1\ Fast Mobillty
izer
|| particte S

measurements with | | o

g

one-second resolution,
enabling users to
visualize particle events
in real time.

Figure 1-1
Model 3091 Fast Mobility Particle Sizer Spectrometer
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Applications

1-2

The Fast Mobility Particle Sizer spectrometer is easy to set up and to
operate. Flexible data-management capabilities and a wide dynamic
concentration range make the FMPS suitable for a variety of applications,
especially:

Particle formation and growth studies

Indoor air quality tests

Environmental research

Inhalation toxicology studies

Urban canyon studies

Transient emission studies from stacks, boilers, and wood burners
Mobile test laboratories

Electric vehicle measurement platforms

Roadside measurements (in trailer or enclosure) to evaluate the effect
of individual vehicles passing monitoring location
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Instrument Description

Use the following information to familiarize yourself with the location and
function of controls, indicators, and connectors on your Model 3091 Fast
Mobility Particle Sizer Spectrometer.

Front Panel

The main components of the front panel are the color LCD display and the
control knob shown in Figure 1-2.

Status Normal

I' cuser ]
--antl P et ] L8

JE () A T T T

" Particle Size (nm)

Figure 1-2
View of the FMPS Spectrometer LCD Display

LCD Display

The color 640 x 480 pixel LCD display provides continuous real-time
display of sample data and is used in conjunction with the control knob to
display options and instrument parameters. Refer to Chapter 4 for details
of how to make selections and change values on the menu.

Instrument status is displayed at the top of the LCD display to indicate that
required instrument voltages and flows have stabilized and the instrument
is ready to use. Error status is also provided.

Control Knob

Turning the control knob highlights an item on the LCD display. Pressing
the knob inward selects the option. To spin the knob quickly, place your
finger in the indent on the knob surface.
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Back Panel

1-4

As shown in Figure 1-3, the back panel of the Model 3091 has power and
data connections, an analog and trigger input/output connection, an
aerosol inlet, outlet, and a cooling fan.

)

Fan Guard/Filter ]

)

Inlet/Cyclone ]

—

@ :

Outlet

[ Location for SN ]
a

nd service labels

o

AC Connector and
Switch

RS-232 Serial Port]

B Analog & Trigger
Input/Output
——- 6 Z
I

-—4&.
G~

Figure 1-3
Back Panel of the FMPS Spectrometer

Heat Exchanger Fan

This fan keeps the sheath air temperature stable, near the ambient air
temperature. It is provided with a guard and removable filter that should be
cleaned periodically.
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Aerosol Inlet/Cyclone

The aerosol inlet is designed for use with the supplied Cyclone (Model
1031083). The cyclone removes large particles outside the instrument
measurement range that can cause counting errors. For remote sampling,
tubing may be attached to the cyclone inlet. The cyclone is attached to the
aerosol inlet using a Swagelok®-type union connector, which is supplied.

Aerosol Outlet
Sampled aerosol flow is filtered and exhausted at this port.

AC Connector and Switch

Plug the supplied AC cable into this receptacle. The instrument power
switch is integrated into this AC connector at the top of the receptacle.

RS-232 Serial Connection

The data connection for the FMPS spectrometer is a standard RS-232
serial port connection that allows communications between the system
computer and the Model 3091 for control by the FMPS software (Figure 1-
4). Serial commands are sent to and from the computer to collect
instrument status information and provide control functions.

Appendix D provides information that may be useful for developing custom
software. The appendix provides a description of the basic serial data
communication commands. (In some cases serial commands may be used
for troubleshooting.)

Analog In CH1
and CH2

144

)

Trigger In and Out ]

Figure 1-4
Detail of FMPS Spectrometer Back Panel

®Swagelok is a registered trademark of Swagelok® Companies, Solon, Ohio.
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Analog and Trigger Input/Output

The Analog and Trigger Input/Output connection is provided to allow the
use of various triggers to synchronize the FMPS spectrometer data with
another instrument or analog signal. These connections are fully
electrically isolated from the rest of the instrument up to 500 V. Details of
the functions of each connection are listed in the table below:

Table 1-1
Analog and Trigger Input/Output

Trigger In A trigger input here will start a run if the run has already
been initiated in software and Enable External Trigger is
checked in the Properties dialog box.

A trigger input consists of bringing the + input to a logic
low, which can be done two ways. A potential-free contact
closure can connect the + input to the — input which is at
GND. Otherwise, a logic circuit can drive the + input low,
provided the circuit’'s ground is connected to the — input.
Logic thresholds are <0.5V for logic low and >2.5V for
logic high.

Caution

The trigger + input should not exceed +12V or -8V with
respect to the — input.

Trigger Out A potential-free contact closes to connect the 2 outputs
when a run starts, and opens when the run stops.

Analog In 0-10V analog voltage input, 12 bit resolution, sampled at 1

CH1 and CH2 Hz (this input is displayed as a voltage at the bottom of

the run view)

Caution

The analog + input should not exceed +17V or
-4V with respect to the — input. Exceeding these values
may damage the electronics.

1-6

System Diagram and Operational Overview

A schematic of the FMPS spectrometer is shown in Figure 1-5.

Particles enter the instrument as part of the aerosol inlet flow through a
cyclone with a 1 um cut. This removes large particles that are above the
instrument's size range. Next, the particles pass through an electrical
diffusion charger in which ions are generated. These mix with the particles
and electrically charge them to provide a predictable charge level based on
particle size. The charger is mounted inline with the analyzer column and
located at the top of the instrument.

Particles then enter the sizing region through an annular gap, where they
meet a stream of particle free sheath air. The sizing region is formed by the
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space between two concentric cylinders. The outer cylinder is built from a
stack of sensing electrode rings that are electrically insulated from each
other. The electrodes are connected to a very sensitive charge amplifier,
also called an electrometer, with an input near ground potential.

The inner cylinder is connected to a positive high voltage supply, which
forms the high voltage electrode. This creates an electric field between the
two cylinders. While the positive charged particles stream with the sheath
air from the top to the bottom of the sizing region, they are also repelled
from the high voltage electrode and travel towards the sensing electrodes.

Particles, which land on the sensing electrodes transfer their charge. The
generated current is amplified by the electrometers, digitized, and read by
a microcontroller. The data are processed in real time to obtain one particle
size distribution per second.

Aerosol —m=
In

Charger

Sheath
Air
—

High-Voltage &
Electrode
Excess m m
Flow ?rj: g
o (=)
3 3
o [u]
o T
@ @
Exhaust --——
Figure 1-5

Schematic Diagram of the Model 3091 FMPS Spectrometer

The entire system is automated and data analysis is performed using a
computer system with customized FMPS software. The software collects
and stores sample data. Data is displayed in graphs and tables and can be
exported to other applications.

For information on the theory of instrument operation, refer to Appendix B.
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CHAPTER 2

Unpacking and Setting
Up the Fast Mobility
Particle Sizer™
Spectrometer

Use the information in this chapter to unpack your Model 3091 Fast
Mobility Particle Sizer (FMPS) Spectrometer and set it up.

Packing List

Table 2-1 lists the components shipped with the FMPS spectrometer.

Table 2-1
Components of the FMPS System
Qt Part Number Description
1 962002 Computer RS-232 Serial Cable
1 1031083 Cyclone, 10 L/min, 1pm cut
1 1031252 Inlet Filter
1 1102125 USB to Serial Cable Adapter
1 1322694 Analog Input/Output Connector Plug
1 1601501 Union Elbow Fitting 3/8-inch
2 1602051 HEPA Capsule Filter (spare)
1 1602071 Filter Media for Fan Guard (spare)
2 1602230 Filter, Balston DFU-BX (spare)
1 1980520 Operation and Service Manual, Model 3091 Fast
Mobility Particle Sizer Spectrometer
1 2900009 Assembly Cleaning Tool
1 3305070 Hex driver Set .050-3/8-inch, 13-piece
1 3900136 Model 3091 FMPS Software
1 2900008 Charger Needle Assemblies (Pack of 2, spare)
20 12 x 15 in. (30 x 38 cm) cleaning cloths”

*Available directly from Kimberly-Clark as Kimtech Prep Scottpure® Wipers, Product Code: 06121, www.kcprofessional.com
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Unpacking

2-2

The FMPS spectrometer comes assembled with protective coverings on
the inlets and electrical connections. To prevent contamination, do not
remove the protective covers until you are ready to use the instrument. In
addition, the measurement column is shipped with a ratcheting tie-down
strap to hold the column in place on its shock-absorbing mounts. For best
measurement results, the strap should be removed for measurements.

Caution

The FMPS spectrometer is a heavy instrument weighing 70 pounds
(32 kg). Protect your back when lifting:

o Get help from another person to move the instrument

« Transport the instrument on a cart whenever possible

«  Lift with your legs while keeping your back straight

o Keep the instrument close to your body as you lift

Refer to Figure 2-1 and follow the steps below to remove the shipping
strap.

1. Make sure the instrument is unplugged from power. Loosen the two
screws on each side of the top panel (Note: They should not have to
be removed).

2. Squeeze the release mechanism as shown to allow the ratchet lever to
be moved up

3. While holding the release mechanism, swing the release lever through
180 degrees until it clicks and releases tension on the strap. While still
holding the lever in release mode, pull the assembly away from the
panel until all the strap has been removed

4. Pull the strap up from the bottom of the cabinet to pull the strap out of
the cabinet. Retighten the four screws that you loosened in step 1.

When shipping the instrument, the strap should be placed back on the
column again. Take care to pad the ratchet mechanism with cardboard that
is taped to the side panel to prevent damage to the painted panel. Save the
shipping strap and ratchet in the accessory kit for future shipping needs.
Save the original packaging materials for future use should the instrument
need to be returned to TSI for service.
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Figure 2-1
Removing the Shipping Strap

If anything is missing or appears to be damaged, contact your TSI
representative, or contact TSI Customer Service at 1-800-874-2811 (USA)
or 001-(651) 490-2811. Chapter 6 includes instructions on returning the
FMPS spectrometer to TSI Incorporated.
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Setting Up the Fast Mobility Particle Sizer

Spectrometer

2-4

The following provides information for setting up the Model 3091 Fast
Mobility Particle Sizer (FMPS) spectrometer.

Instrument Placement

The instrument cabinet is designed to be cooled by room air drawn in
through a filter from the back of the cabinet and exhausted through the
sides and front of the cabinet.

The cabinet should be installed with at least 3-inch (50-mm) clearance
between the back panel and side panels and any other surface. The
cabinet should be set on a flat, solid surface that isolates the instrument
from outside vibration. Excessive vibration will produce artificial noise in
the measurement.

When positioning the instrument, also allow adequate space at the back for
access to the power switch and for the power cord.

Installing the Cyclone

The cyclone functions by removing large particles, preventing counting
errors, and keeping the instrument clean. The cyclone is always used, and
should only be removed when transporting or servicing the instrument. The
cyclone will remove large particles and fibers that can cause excessive
noise on one or more channels. Since cleaning the electrodes is a
relatively involved procedure, it is much better to prevent contamination
using the cyclone. The cyclone will be more effective in removing large
fibers if the inside surfaces are lightly coated with a light oil.

Install the cyclone on the aerosol inlet using the union fitting shown in
Figure 2-2. Make certain the components are tightly pushed together.
Tighten the nuts on the union fitting finger tight and then Y2-turn with a
wrench (see Swagelok® recommendations).

Caution

Be certain that the Cyclone is installed on the Aerosol Inlet in the
orientation shown in Figure 2-1 prior to making particle size
measurements. Make sure that the cyclone is cleaned regularly and that it
is removed and cleaned before shipping.
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Instrument

[To Aerosol Inlet on}\

[ Union Fitting

Connect

Aerosol In

Cyclone to
Union Fitting

[ Removable Base

Figure 2-2
Cyclone Assembly

Connecting Power

1.

Connect the supplied power cord to the receptacle at the back of the
instrument. The cord has been supplied with the appropriate connector
for your country. Supply voltage can be 100 to 240 VAC and 50 or

60 Hz.

The instrument on-off switch is located above the power cable
connection on the instrument.

Notes: Make certain the line cord is plugged into a grounded (earth
grounded) power outlet. Position the instrument so the power
cord connector is not blocked and is easily accessible.

The internal power supply contains no user-serviceable parts.
If the power supply is not operating correctly, use the
information in the troubleshooting section to contact TSI. This
instrument should not be used in a manner not specified by the
manufacturer.

Connecting the Computer

1.

Locate the serial cable supplied with the Model 3091. Connect one end
of the cable to your computer’s serial interface port (COM1, COM2, or
other if available). If you have a USB port only, use the adapter cable
(1102125) supplied in the accessory kit.

Connect the other end of the cable to the serial connection at the back
of the FMPS spectrometer.
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Installing the Fast Mobility Particle Sizer Software
Install the FMPS software as described below.

Computer Requirements

To use this software we recommend a personal computer with the
following minimum features, components, and software:

« APentium® 4, 2 GHz processor or higher.
« An SVGA color monitor.
«  Windows® XP or newer.

« A hard drive large enough to accommodate Windows®, the FMPS
software, and data files.

« A CD-ROM drive.
e 512 MB or more of RAM.
« A mouse.

o An RS-232 serial interface port (in addition to the one that may be
required for the mouse) or USB connection (use with supplied USB to
Serial Cable Adapter).

« A Microsoft® Windows®-c0mpatible printer is optional.

Program Installation

1. Shut down (exit) all programs/applications on the Windows desktop.

2. With the computer on and Windows running, insert the Model 3091
FMPS Software CD-ROM in your CD drive. To run the setup.exe from
the CD:

a. |If AutoPlay is enabled on your PC, the setup program begins
automatically and the introduction screen is displayed on the
Windows desktop.

b. If AutoPlay is not enabled, select Run from the Start menu and
type: D:\SETUP in the Open box and press OK. (if D is the letter
corresponding to your CD drive.)

3. Follow the instructions as the setup program runs. When the setup is
complete, you may be asked if you want to view the readme.htm file.
The readme.htm file contains important information that could not be
included in this manual. If you decide not to view this file immediately,
you may view the file later using a browser such as Internet Explorer.

4. When the installation program finishes, remove the CD-ROM and
restart your computer. Store the CD-ROM in a safe place for later use.

®pentium is a registered trademark of Intel Corporation.
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The setup program creates a folder (directory) called “FMPS” on your hard
disk (assuming you accepted the default folder name). The folder contains
the required program files and sample data files.

The setup program also creates a new item in the Start Menu called “TSI”
and an icon on your desktop for the FMPS software.

Note: Before creating a TSI menu item, the setup program checks for an
existing one. If one is present, it adds the icon only.
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CHAPTER 3

Quick Start

Ease of operation is a key feature of the Model 3091 Fast Mobility Particle
Sizer™ (FMPS™) spectrometer. After you are familiar with the components
identified in Chapter 1 and have performed the setup steps in Chapter 2,
you are ready to begin taking measurements.

This chapter presents the very basics of operation. Detailed instrument and
software operation instructions are in Chapters 4 and 5 and can be
referenced as needed.

Turn the instrument on using the power switch at the back of the
instrument, above the power cable connection. Once the instrument is
turned on, the LCD display illuminates information as it appears in
Figure 3-1. The instrument requires 10 minutes to warm up. When the
warm up is finished the status will change to “Normal”.

Status: Warming Up Time: 00:00:00

N

™

Fast Mobility Particle Sizer
Model 3091

MCU Firmware Version: 0.0
DSP Firmware Version: 0.0

Figure 3-1
FMPS Warm-up Display Screen

3-1



While the instrument is warming up, start the FMPS software program (if it
is not already running). To start the program, proceed as follows:

1. From the Windows desktop, press the Start button and select
Programs|TSI|FMPS or select the FMPS icon from the desktop.

The FMPS desktop appears as shown in Figure 3-2.

< Fast Mobility Particle Sizer =10 x|
File View Help
|01 o i || 1B & & | a0 e B DR P @0 b 11 || =i = [tom |Fen | 2

|Ready

[instrument Status [Instrument Error [Start Elapsed

Figure 3-2
The FMPS Desktop

How To Perform a Sample Run

There are two steps to collecting sample data.
« Open anew file

« Start data collection

Before beginning, make certain the Model 3091 is connected to the
computer, the instrument is warmed up, and the software is running.
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Step 1—Open a New File

Select File|New or E[ or <CtrI><N> on the toolbar. The dialog box shown
in Figure 3-3 opens on your desktop.

New @
Lack ir: | ) FMPS Data v« @k E-

= ambient Tndustrial, 30914! Urban Carvon - MSP 23.3091d
Bus Chase - On Highway, 2091d

Loading Dock, 3091d

Outdoar A 1,3091d

Roadside1,3091d

Roadsidsz 3091d

File name: |FMF‘S1
Files of type: |FMF'S [Ciata File [%.30914] ﬂ Cancel

Figure 3-3
Open a New File

Select a filename (and, optionally, a location other than the FMPS folder).
The default name is “FMPS1” for the first file you open, “FMPS2” for the
second file you open and so on. Accept the default name or enter any
name you choose. You do not need to enter an extension in the filename
box. It will be assigned automatically (.3091d).

After you enter a filename (or if you accept the default name), press the
Open button.

After you press the Open button, the computer attempts to connect to the
instrument. When the connection is complete, the Run View window opens.
Other windows that were open the last time the application was closed are
also opened. All windows are initially empty.
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Step 2—Start the Run

Start the run one of three ways:

e Select Run|Start Data Collection.

e Click @ on the toolbar.

e Press <F10>.

Each time you start a new run, you are shown the run properties you will

use. The Run Properties dialog box shown in Figure 3-4 opens on the
desktop.

Properties - New Run El
Run Settings ]Communications ]

Title

|Indoor Bus Garage noon

Scheduling
Run Length (hhomm): |0 oL i‘ (maz 12 hours) ' Run Only Once

" Run Continuous
[ Start at Time: : :‘ I
[” Enable Extemal Trigger : :‘

Data Collection and Display Auto-Bxport
Data Type: |Concerrt|ation ﬂ

[ Zero-Chedk (Bectronic fir Fiter Made) B v Tiao 20 G

¥ Hide Invalid Data Values {due to instrument emors)

[ Off Dilution Factor : Apply Changes

Comment

Save these Settings ... Load Settings from a File ... ‘

oK | Cancel

Figure 3-4
Properties Dialog Box

The parameters of the Properties dialog box are described below. For this
“test” run, simply type a title and run length for the test and select OK.

Note: To open the Properties dialog box prior to pressing the Start button
on the toolbar, select Run|Properties. The values you enter in the
properties dialog at this time will appear when the dialog box opens
to start the run.

After you have completed the properties dialog box, sampling begins at the
Start Time you selected or immediately after you press the OK button.
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As the program begins collecting sample data, it is displayed in the
windows open on the desktop.

When the sample finishes, data for the sample is stored in the file, but the
windows remain open.

To stop data collection before the selected run length time is complete,
select Run|Stop Data Collection or 1’ on the toolbar.

Communications Errors

If you get the following error message (Figure 3-5) when you try to start a
new sample, there is a communications problem between the computer and
instrument (i.e., the cable is not connected) or a connection is already open
to the instrument, such as another run, and are attempting to open another
connection.

FMPS 3

"'_" Unable to establish a connection to the FMPS 3091,
L]

Please check that the instrument is connected, turned on,
that vou don't already have another connection open,
ar that anather device is not already using this part,

Figure 3-5
Communications Error Dialog Box

Check the cable connection and close all files and then try to reconnect.

Note: Most computers have only two active communications ports, COM1
and COM2. COML1 is most likely available for the FMPS connection.

Run Properties

The Run Properties dialog box contains two tabs: Run Settings and
Communications.

If this is the first time you have accessed the Properties dialog, you need to
set up the parameters before continuing. If you have set up the properties
before, verify they are correct before pressing OK. The following
paragraphs describe the settings of the Properties dialog box.

The Run Settings Tab

Use the Run Settings tab to enter information about the run and control
variables for the run. Once the run settings are set, store them for later use
by selecting the Save Settings to File... and Load Settings from File...
buttons.
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Title

Enter a descriptive title for the sample. This title will appear as a heading on
various windows to identify this sample. The maximum number of
characters allowed is 79.

Scheduling
Run Length (hh:mm).

Enter a run length by selecting the number of hours and minutes you want
to collect data for this run. The maximum run length is 1 hour and 30
minutes. Remember to stop the run at any time, use the [l button on the
toolbar or Run|Stop Data Collection.

Start at Time

If you do not want the run to start immediately, you can schedule the run to
start at a specific time.

Run Only Once or Run Continuous

Sampling can be set to run once or to run continuously (specifying a delay
time between runs of 1 minute to 24 hours). When sampling is set up to run
continuous, a new filename is opened for each run. The new filename is
based on the current filename. For example, if the original filename is
Sample.3091d, the new filename will be Sample_0.3091d the first time the
sample is repeated and Sample_1.3091d the second time it is repeated and
S0 on.

Enable External Trigger

The checkbox for Enable External Trigger, lets you tell the software that you
want to start sampling using an external trigger to start a run remotely. This
can be useful when different instruments need to be started at the same
time.

A trigger input (on the back of the instrument) consists of bringing the +
input to a logic low. This can be done using:

« A potential-free contact closure (a toggle switch) that connects the +
input to the — input, which is at ground (GND).

o Alogic circuit to drive the + input low.

Data Collection and Display

Data Type

Select the type of data you would like to collect from the instrument. Select
either Concentration data or Electrometer Current.
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Zero-Check (Electronic Air Filter Mode)

Check this box if you would like to perform a run which has the same effect
as a filter installed on the inlet. During a zero-check run the negative
charger is set to its maximum current and the positive charger is turned off.
Note that this checkbox always defaults to “off”. If using it for consecutive
runs, it must be checked each time.

Hide Invalid Values

Check this box to have the software hide any invalid data values in its
graphs and tables. An invalid data value is one that is received by the
instrument under a serious or fatal error condition. See Table 6-3 in
Chapter 6 for a detailed list of fatal errors.

Dilution Factor

To correct for a dilution factor to match measurement conditions, you can
add a dilution factor here and turn it on/off with the checkbox. For example,
if you used a 100:1 diluter before sampling into the instrument, the
concentration can be corrected back to the original concentration using a
dilution factor of 100. This will multiply the concentrations measured by the
instrument by a factor of 100 when shown on graphs and tables. The
original data is not changed and the dilution factor can always be turned
back off.

Auto-Export

Select the Export Data at End of Run checkbox to automatically export data
when the run is complete. Refer to Chapter 5 for a complete description of
how to export data.

Comment

The Comment box allows you to store comments about the sample run.
The maximum number of characters is 255.

This information is stored with the sample data in the file and may be
displayed when the Properties dialog box is opened for this file. It is also
included in the exported data.

Save Settings to File.../Load Settings to File...

Use these two buttons to save the run settings you have set up and recall
them for later use.

To save the current settings, click the Save Settings to File... button and
enter a filename (and, if desired, a different directory/folder/drive) and then
select Save.

To recall settings you have saved, click the Load Settings to File... button,

highlight the filename you want to recall (after navigating to the appropriate
folder if necessary) and selecting Open.
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Viewing Data

3-8

View data in a table or graphs while the data is being collected and change
how data is viewed after sampling ends.

Note: To view the data on the LCD panel of the FMPS spectrometer, refer
to Chapter 4.

Change scales, time resolution, weighting, and other parameters, as well as
play back the entire run.

Data can be viewed in the graphs either logarithmically or linearly and at
different time resolutions. The particle data in the 2-dimensional graph
represents an individual histogram at a selected time.

The following procedure provides an example of how to change how data is
viewed for an existing run. Refer to Chapter 5 for a complete description.

1. Open an existing run file using File|Open or by pressing & on the
toolbar. Figure 3-6 shows sample data.

2. Totoggle the graph scale between logarithmic and linear display
modes, use the log and lim toolbar buttons.

3. To toggle the display units between number concentration and
il
dN/dlogDp, use the m LlEls0fs) toolbar buttons.

4. Using the mouse, point to a location in the Run View (contour graph)
and click the left mouse button. This selects a time window during the
run and this individual histogram of data is then displayed in the 2-
dimensional Particle Histogram Graph window and in the Particle Table
window. This subset of data is also highlighted in the 3D Graph
window. Each time a new “time window” is selected, the histogram,
table and 3D graph windows are updated. In the Total Concentration
graph, the time window is identified with a crosshair annotation.
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Sample Data

5. To view the data at a
different time resolution,
select a different
averaging interval using
the drop-down style
selector on the toolbar
(see figure). Depending
on the length of the run,
you can select an
averaging interval from
1 second to 60 minutes.

Quick Start

20.0 sec

30.0 sec
60.0 sec
5 min
10 min
30 min
60 min
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6. To select a maximum

value for the
concentration range or
have the software auto-
scale the data, use the
second drop-down style
selector on the toolbar
(see figure).

To display data other
than concentration in
the 2D particle
histogram graph, click
the right mouse button
in that window to display
the popup menu

(Error! Reference
source not found.).
Select Weight|Mass.
Notice the change in
how data is displayed.
Use Weight|Number to
change the graph to
display the number
weighting.

|Autu Scale
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Figure 3-7

Yalume
Mazs

Popup Menu for the Histogram Window
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CHAPTER 4

LCD Display Operation

This chapter provides information on the features and functions of the LCD
display and the control knob. Refer to Chapter 5 for detailed operation
information of the Fast Mobility Particle Sizer™ (FMPS™) software
program.

Use the control knob and LCD display to view instrument status, start and
stop data display, read diagnostics, and view user settings.

To use the control knob, place your finger in the detent on the front of the
knob and turn. Notice how items on the LCD display are highlighted (dark

box around light text). To select a highlighted item, press the control knob in
and release.

(continued on next page)
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LCD Display Items

4-2

diidlog Dp (#/cm3)

Figure 4-1 shows the LCD display while a sample is being taken. There are
four unique regions of the display. Each is described below.

Status Bar

The Status Bar indicates instrument status. Possible messages include:
Warming Up, Normal, etc. Refer to Chapter 6 for a complete list of
messages and actions you should take.

[ Status Bar

—

T0.0E3

T5E3 1

5.0E3 1

25E34

00EDH

\
III|‘|||||||III Cursor
ol .. (=

5 7 10 20 30 50 7O 100 200 300 500

Particle Size (nm)

Total
Concentration
5.39E04 <

#icm3

— |

/

=

Figure 4-1
LCD Display Regions

Menu Options
The three menu options:

4 i

Concentration
Display

Particle Data
Graph

Menu

Menu Option ‘ Description

Cursor View individual particle channels.
Menu View user settings and diagnostics.
Pause/Resume Start and stop data display.
Cursor

Select CURSOR to view information about a particular particle size value in
the graph. To view a specific value, use the control knob to highlight
CURSOR then press the knob. A bar will appear on the graph and data for
that size channel will be displayed in the concentration display region (see
below). Rotate the control knob to view data to the left or right. To stop
viewing data with the cursor, press the control knob again and turn the
cursor to select another option from the display.
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Menu

Select MENU to view user setting and diagnostics information. To view
these items, highlight MENU with the control knob and press the knob. A
menu appears for User Settings and Diagnostics. Use the control knob to
highlight the item you want and press the control knob.

User Settings

The user settings (Table 4-1) let you change display settings and turn on/off
the pumps or chargers and zero the electrometer. The pumps can be
turned off to reduce noise and save power when the instrument is not being
used, but still powered on.

Table 4-1
User Settings
Setting Options Description
Y-Axis Setting Autoscale; Use this option to select the maximum
1E4 to 1E9 displayed scale for the Y-Axis.
(1E4 can only be selected in Linear mode)
Y-Axis Scale Linear/Log 10 Use this option to change the Y-Axis scale
between Linear and Log 10 mode.
Flows Off/On Use this option to turn all flows on or off.

When Off is selected, the status bar
displays “Flows and Chargers Turned
OFF.” There will be no draw at the sample
inlet. The chargers are turned off to protect
the electrodes from contamination.

Chargers Off/On Use this option to turn both chargers on or
off. When Off is selected, the status bar
displays “Chargers Turned OFF.”

Column Heater Off/On Turns the column heater on or off. Turn the
heater on when the instrument is in a cool
(i.e., air conditioned) environment and
sampling from a warm, humid environment
to prevent condensation that could cause
the electrometers to become noisy.
Normally, it should be turned off unless

needed.
Display 0to 100 Use this option to change the panel
Brightness brightness and improve display visibility.

Note: On recently built units this
adjustment will have no effect.

Zero None Use this option to calibrate the electrometer
Electrometer offset (see “Troubleshooting, Baseline
Noise” in Chapter 6)

The diagnostics information (Table 4-2) is read-only, and is available to let
you quickly see if any of the important values are out of range.
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Table 4-2

Diagnostics Information

Parameter
Sheath, Sample Flow

Nominal Value(s)

39.4 L/min,
8 L/min

Description

Sheath flow through column
and sample flow (note that
sample flow plus extraction
flow equals the flow into the
instrument inlet).

Extraction, Charger Flow

2 L/min, 0.6 L/min

Extraction pump flow and
charger sheath flow.

Temperature, Pressure

25.0C,
700 to 1034 mBar

Temperature of the sheath air
flow, in degree Celsius and
absolute pressure inside the
sizing column.

Negative Charger

35 nA, -1000 to -
4200 V

Current of the negative
charger, in nano ampere.
Voltage level of the negative
charger electrode, in volts.

Positive Charger

27 nA, 1000 V to
4200 V

Current of the positive
charger, in nano ampere.
Voltage level of the positive
charger electrode, in volts.

Column Voltages

85V, 470V, 1200V

Voltage on center electrode
sections, top to bottom, in
volts.

Analog Input Ch 1, Ch 2 0to 10.0V, Voltage level on the analog
0to10.0V input channel 1 and 2, in

volts.

MCU Firmware Version 2.XX Version of micro controller
firmware.

DSP Firmware Version 2.XX Version of digital signal
processor firmware.

Error Message None Select with cursor to see a list

with all error messages.

Pause/Resume

Select Pause/Resume to start and stop real-time data display. The button
changes from Pause to Resume each time it is selected. You must select
Pause, before you can use the Cursor menu item, see below.

Concentration Display

While running a sample, you can view particle size data using the CURSOR
(see above). As you move the CURSOR, the information in the
Concentration Display shows the particle size and concentration values for

the CURSOR location.
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Particle Data Graph

A histogram of sampled particle size data is presented in the graph window
as normalized concentration dN/dlogDp (#/cc) to allow easy comparison to
other instruments. This particle concentration is normalized to the bin width.
In this case it is calculated by concentration multiplied by 16, the number of
channels per decade. Particle size is presented on a log scale with 32
equally sized bins in the size range of 5.6 to 560 nanometers. Other
weightings, such as particle mass or surface area as well as concentration
that are not normalized can be viewed using the FMPS software.

A yellow curve is shown superimposed on the particle size distribution to
show the RMS lower noise limit of the instrument. For best results, the
concentration should be above the noise curve. In addition, when the
concentration is too high, a red box will appear on the end of each size
channel that has been over-ranged. When this happens, the concentration
should be reduced using additional dilution air into the FMPS spectrometer.
Running the instrument near the upper concentration limit will require more
frequent cleaning of the column. See Maximum Concentration and
Minimum Concentration in the Software chapter for more information.
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CHAPTER 5
Software Operation

This chapter provides specific information for the Model 3091 Fast Mobility
Particle Sizer (FMPS) software program including:

Starting the program

Opening an existing file

Displaying particle histograms at different times during a run
Changing how data is viewed

Playing back data collection

Selecting a hotspot

Deleting data

Zooming in and out on data

Printing information displayed on the desktop
Exporting data

Arranging open windows and changing the layout
Quitting the program

Description of all program menus and menu items.

If you have read Chapter 3, you will already be familiar with some of this
information.
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Start the Fast Mobility Particle Sizer
Program
To start the program, proceed as follows:

From the Windows desktop, press the Start menu and select
Programs|TSl|Fast Mobility Particle Sizer.

The FMPS desktop appears as shown in Figure 5-1.

# Fast Mobility Particle Sizer

=1olx]
Ble Vew Help

|0 2 o e P | & &0 (M o0 e [PEPERE PR @ B 11 B[ X || ] =] tog e || 2

Ready

[Instrument Status [Instrument Error Start [Elapsed

Figure 5-1
FMPS Desktop
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Open an Existing File

1. Select File|Open or = on the toolbar.

2. When the Open file dialog box appears, it shows the files available in
the default file location. The default file location is Program
Files/TSI/FMPS. Example files are included with the program and are
installed in the FMPS software folder when the program is installed.

Use the mouse to highlight the file you want to open. If you store data
files in a location other than the default FMPS folder, browse for the
drive/directory where the data files are stored before you click Open.

3. Click Open. The program remembers the windows that were open on
the desktop when you last closed the file and reopens them when you
access the file again.

(continued on next page)
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Selecting a Particle Histogram to Display

5-4

To select a time at which to display a particle histogram during a run, click
on the “contour graph” or Run View window. The Run View window is the
controlling view for the application and is always open on the desktop.
Closing the Run View window closes the run file.

Use the mouse to click on a point in the Run View window. An annotation
(see the dashed line in Figure 5-2) shows the selected time as time since
the start of the run. The cursor corresponds to the Particle Histogram
shown in the lower left corner.
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Figure 5-2
Selecting a Time Window

When you select a time value using the mouse, the corresponding
histogram is displayed in the Concentration Histogram window and in the
Particle Table window. The Total Concentration graph window draws an
annotation at the selected time. The 3D Graph window displays the same
data as in the Run View window with the selected time highlighted in a
different color.

To continue, select an adjacent time window using the arrow keys on the

keyboard or use the mouse to point and click at another location on the
graph.
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Maximum Concentration

The maximum concentration limits for each channel are plotted as a red
line in the Concentration Histogram window. When the values for a given
run reach the maximum concentration level defined for a given particle size
or channel, an annotation is displayed on the graph. In the graph in Figure
5-3, the bars which are marked with the annotation [JJjj indicate channels in
which the concentration measured by the instrument (using the current
averaging interval) reached or exceeded the defined maximum. The
channels with a red box indicate channels where the concentration has
been clipped. This affects the shape of the distribution considerably. If you
see a graph with maximum concentration indicators, you should reduce the
concentration sampled by the instrument. For a reference on the
concentration limits see Figure B-4 in Appendix B.

% Concentration Histogram at 11:09:22.0 AM [Max Concentration.3... g@@

IConcentration Histogram at 11:

- - N
[ (%3 I~
|||||||||||||||||||_I_|||I|||I|

Concentration (dM #/cm?®) [e7]
@

06
04
0.2
00
5 7 10 20 40 B0 100 200 400 560
Dp (nm)
Figure 5-3

Histogram Showing Clipping Due to Exceeding Maximum Concentration
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Minimum Concentration

Similarly, when the values shown in the Concentration Histogram window
are small, it is useful to note the minimum concentration level defined for a
given particle size or channel. The minimum concentration is shown for
each channel in this graph as a yellow line. In the graph in Figure 5-4, this
minimum concentration level is more apparent in a distribution where the
concentration values measured by the instrument are relatively low. Note
that this curve depends on the averaging time displayed—the longer the
averaging time, the lower the concentration defined by the curve. This is
because the electrometer noise is improved with longer averaging times.
For a reference on the concentration limits see Figure B-4 in Appendix B.

© Concentration Histogram at 10:24:40.0 AM [Zero Check.3091d]  [= |[B]fX]
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[
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o
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[

Figure 5-4
Concentration Histogram Showing Minimum Concentration

Change How Data is Viewed

The data can be viewed in the following ways:
e Changing the Time resolution

« Changing the Concentration scale

o Selecting a Weight (2D histogram)

« Selecting the Display units
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Changing the Time Resolution

To view data at different time

resolutions, select an averaging

interval in the average interval

drop-down selector on the toolbar

(see figure). Depending on the 5.0 sec

length of the run, you may select 10.0 sec

averaging intervals from .1 second 20.0 sec

to 60 minutes. 30.0 sec
60.0 sec
5 min
10 min
30 min
60 min

Changing the Concentration Scale

To change the Concentration Scale x|

concentration scale of the
data displayed in the

" Linear " Min
graphs, openthe "
Concentration Scale & Log " Max
dialog (Error! Reference  Mindhax
source not found.) by & huto Soale
selecting =
Format|Concentration Min Cancentration M ax Concentration

Scale... or by selecting IDE* Iﬁ
Concentration Scale... : '
from the right-click popup

menu on the Run View. Ok I Cancel |

This dialog lets you select

linear or log scale and
allows you to select the
minimum and maximum
concentration range for
the data.

Figure 5-5
Concentration Dialog Box

If the concentration scale is set to “Auto Scale,” the software determines
the minimum and maximum concentration values for the current average
interval. To select a concentration range, select either the “Min”, “Max” or
the “Min/Max” radio button. The box below “Min Concentration”, “Max
Concentration” or both will become enabled and you may enter a value,
where the Minimum Concentration is equal to or greater than zero and less
than the Maximum Concentration.

To change the scale between log and linear mode, press the log or lin
buttons on the toolbar.
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Finally, to select the maximum concentration value, use the drop-down
Concentration Scale selector on the toolbar (see below examples for linear
and log).

Auto Scale

1e3 #lcm®
2ed #lcm®
Ge3 #lcm®
1ed #lcm®
Zed #lcm®
Ged #lcm®
1ebh #lcm®
Zeh #ocm®
Gebh #lcm®
1eb #lcm®
2eb #lcm?
Leb #lcm? 1e3 #lcm?
1e? #lcm? 1ed #cm?
2e? #lcm? 1e5 #lcm?
Le? #lcm? 1e6 #lcm?
1ed #lcm? 1e? #lcm?
el #lcm? 1ed #lcm?
1.00e+09 #cm? 1e9 #cm?

Auto Scale
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Changing the Weighting in the 2D Histogram

To view data in the 2D histogram graph using different weighting, proceed
as follows.

1. Open a Model 3091 FMPS data file.

2. Make the concentration histogram window active.

3. Right-click the mouse to display the popup menu (Figure 5-6).
4

Use the mouse to select Weight|Mass. Notice the change in how data
is displayed. (A checkmark next to one of the menu items means that
is the selected weight option.) The Y-axis title on the graph will display
the current weighting also.

Note: Important additional information on how data can be viewed is
found later in this chapter “Software Menus.”
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Figure 5-6
Popup Menu for the Concentration Histogram Window

Changing the Display Units
To view data as number concentration or as dN/dlogDp, use the toolbar
buttons m or E?:Eifff&q[:u;:. . Data in all graphs and tables will display in the

selected units. Particle concentration is normalized to the bin width
by multiplying by 16, the number of channels per decade.
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Playback (Review) a Sample Run

5-10

Review data collection for the run (or portions of the run) as follows:

1. Select Playback|Play or } on the toolbar. The Playback Options
box shown in Figure 5-7 appears.

Playback Options E

— Update Rate

— Playback Time

Fror: TE145AM

" 24/ second To  [1001454M =

" 1x / second Entire Fun

Flay Once I Play Continuous | Cancel |

Figure 5-7
Playback Setup Dialog Box

2. Select the playback time, update rate, and whether you want the run
playback displayed once or continuously. Playback begins immediately
when you select Play Once or Play Continuous. For better viewing, it
may be necessary to maximize the window of particular interest to you.

3. Ifyou select Full Speed for Update Rate, the data is played back at full
speed in the 3D graph view only. All other views are minimized until
playback is complete or you stop playback.

4. If you select an update rate of 2x/second or 1x/second, all views are
updated at that rate. An indicator arrow in the Run View window shows
the current time of the playback.

5. To pause the playback at any time, select Playback|Pause. Select
Playback]|Play to continue playback where you left off. To stop
playback at any time, select Playback|Stop. When you stop playback,
you must restart it from the Playback dialog again. Use
Playback|Pause and Playback]|Play to stop and start playback.

Control playback by using icons on the toolbar. The icons perform the
following operations:

l’ Stop. Stop playback.
m Pause. Pause playback.

m Start. Start playback or restart playback.
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Select a Data Hot Spot

Delete Data

When a concentration histogram window or the total concentration graph is
active on the desktop, find the values of any data point as follows:

1. Position the pointer on the bar, line, or peak (depending on the type of
graph that is active). The pointer becomes a pointing hand.

2. Press the left mouse button to display the corresponding values.
Figure 5-8, shows how the data values would be displayed with the
crosshair annotation at the selected data point.

Tip: After you have a data hot spot selected, use the “>* and “<* or
arrow keys to move the crosshair cursor right or left (from one value to
the next), or grab the vertical crosshair annotation and drag it to
another location. Refer to the end of this chapter for a list of other keys
or key combinations for navigating and performing operations without
using the mouse.

© Concentration Histogram at 1:47:15.0 PM [Outdoor Air 1.30914] [= |[B][X]
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Figure 5-8
Use the Mouse to Directly View Data Values

To redo a run or delete data for a run just taken, on the toolbar select
Run|Delete or J. A verification message is displayed.

You can only delete data for the run you just collected. Once you close this
file, you cannot delete the data from this file using this method the next
time this file is opened using File|Open. If you need to delete a saved file,
use a tool such as Explorer to delete the file.
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Zoom In and Out on Data in a Graph

Zoom in on data displayed in a graph as follows:

1. Use the mouse to position the cursor (pointer) on the graph surface, at
one corner of the graph area you want enlarged.

2. Press down on the left mouse button and drag the mouse to the
opposite corner of the data you want enlarged.

3. Release the left mouse button. The area you selected is enlarged.
4. To continue to zoom further, repeat steps 1 through 3.

To unzoom, select <Z> or Format|Undo Zoom or 4 on the toolbar. The
enlarged area is returned to normal view.
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Print Information Displayed on the

Desktop

Print the information displayed in the active window on the desktop as
follows (a printer must be properly installed):

1. With a graph or table window active on the desktop, select File|Print
Preview or &] on the toolbar.

2. Review that what you see in the print preview window is what you want
to print (an example is shown in Figure 5-9) and select Print from the
Preview box. The contents of the window are sent to your printer.

3. You can also select Print or Print Preview from the popup menu of
each window.

To immediately print a window without previewing it, select File|Print or
|§ from the toolbar or press <CtrI><P>.
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Figure 5-9
Print Preview
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Export Data to a File

Data from a Model 3091 FMPS file can be exported for use in another
program such as Microsoft Excel® spreadsheet software or Microsoft

Access® database software. Data can be exported either manually or
automatically.

To Manually Export Data

To manually export data:
1. Open the data file by selecting File|Open or .

2. Select File]Export. An Export Data Options dialog box appears as
shown in Figure 5-10.

Export Data Options &l

[Data Types
: ( [ Tatal Concentration
[ Surface B

[ Yolume [~ Sample Temp.
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Faw Data
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nits:
v MNomalized [dw'AdlogDp)
" Mumber

Time Range and Rezolubion

From: | 4:20022PM —=— TD:| 420 P = E ntire: Run

Use &veraging Interval: |1 D'sec ﬂ

Dizplay Time as: {+ Elapsed " hhcrar:ss

Output File Type

' Encel ® [*nls" cav) @ ieh
Delimiter: " Comma
7 Teut [“tx] " Semi-Calon

Output File Mame

C:ADocuments and SettingshszchlozsiDeskiophFMPS Saveds

Figure 5-10
Export Data Options Dialog Box

3. Select the type of data you want to export, the data range, the type,
averaging interval, and format of the file to which you want to export
the data. Refer to Table 5-1 for a description of the parameters.
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Table 5-1
Export Data Options

Data Types

Concentration The total number of particles per unit volume of air
sampled (i.e., number concentration expressed as
#/cm3). Concentration is the primary measurement
of the Model 3091 FMPS system.

Surface Surface represents the total surface area of the
particles per unit volume of air sampled (i.e., surface
area concentration expressed as nm2/cm3). The
surface area concentration calculation assumes that
all the particles are perfect spheres.

Volume Volume represents the total volume of the particles
per unit volume of air sampled q.e., volume
concentration expressed as nm /cm3). The volume
concentration calculation assumes that all the
particles are perfect spheres.

Mass Mass represents the total mass of the particles per
unit volume of air sampled (i.e., mass concentration
expressed as ug/cma). The mass concentration
calculation assumes that all the particles are perfect
spheres with the density defined in the particle table
for each channel.

Raw Data (Instrument Note: Available on 3091 instruments with firmware
Record) versions 3.05 or greater.
Each data set collected has attached to it the raw

data (Instrument Record). This data can be exported
and reviewed.

Units

Normalized (dW/dlogDp) [ Concentration, surface, volume, mass values
exported are normalized to 16 channels per decade.

Number Actual (non-normalized) values are exported.

Total Concentration Total concentration on all channels.

Electrometer Current If the run file contains data which is electrometer
current (see run settings), this option may be
selected.

Analog Input Input voltage for Analog Input Channel 1 and 2 in
Volt.

Sample Temp Sample temperature recorded during the run.

Pressure Sample pressure recorded during the run.

Min-Max Concentration Export the minimum and maximum concentration

Limits limits for each channel. (Number or dN/dlogDp units
apply.)

Time Range and Resolution

From/To Starting time in the run to begin exporting data.

Use Averaging Interval Just as the averaging interval can be when viewing
the data, it can be set for the exported data
independently.

Display Time as: Format of the time corresponding to each data point
in the exported output.

File Type

Excel File extension will be either .xIs or .csv (comma-
separated-values) to be read by Excel.

Text Output will be written to a text (.txt) file.
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Parameter Description

Delimiter

Delimiter used in output.

Output Filename

Name of output file for exported data.

4,

5.

Verify the default file name (and path) or press the Save As button to
change the filename and/or location if you want to save the file to
another location or provide a new filename. The extension is
automatically selected when you chose a file type for exporting.

Press OK.

Figure 5-11 illustrates how an exported *.xIs file is formatted for a Model
3091 FMPS spectrometer when Concentration is selected as Data Types
for exporting.

RN
A B [ D E F G | H J K E
1 | =
| 2 |Date/Time Start: Friday, August 27, 2004 10:44:15 AM
| 3 |Title: Outdoor Air - Light Industrial
| 4 |Comments: By loading dock - TSI
| 5 |Instrument Label: TSI Model 3091, Serial Mumber 103, Firmware Version MCU:1.30,DSP:1.00
6
| 7 |Instrument Status: Normal Status.
| 8 |Instrument Errors: No Errors Detected
9
| 10 |Channel Size [nm]: 6.04 6.98 8.06 9.31 10.8 12.4 14.3 16.5 19.1 221
| 11 [Min. dN/dlogDp [#/cm®] 1636 1317.92 1130.72 970.24 83232 714.24 612.8  525.76 4512 387.04
| 12 [Max. dN/dlogDp [#/cm®] | 1.6E+08 1.38E+08 1.19E+08 1.02E+08 88160000 76000000 65440000 56480000 48640000 41920000
13
| 14 |dN/dlogDp [#/cm?]
| 15 |Channel Size [nm]: 6.04 6.98 8.06 9.31 10.8 12.4 14.3 16.5 19.1 221
| 16 |Elapsed [s]
| 17 1 4943.82) 16987.4 30532.7 455799 494371 421045 34594.9 269084 203321 14866.2
| 18| 2 0 104832 249492 40912 45636.8) 39123.7 32590.9 26038.5 204579 15849.1
| 19 | 3 4063.84 14954 27834.2 427044 46327.2) 38702.5 31648.6 251656.3 196655 15149.2
| 20 4 T7630.78 18720.8 31484.3 459211 48704.5 398344 31860.8 247837 189154 142659
| 21 5 4025.06 17502.5 31841.5 470421 50143.3 411453 327304 24898.5 18534.3 13637.7
| 22 | 6 5540.95 177147 31228.9 46083.6 49386.8 41138.7 333946 26154.6 20055.9 15098.5
| 23 7201517 14930.9 29230.3 449134 487248 40664.6) 33385.8) 26868.5 213715 168347
| 24| 8 5693.27 182935 32626.8 48693.2 52577.8 442804 36298.3 28631.5 22288.7 172701
| 25| 9 8730.24 196215 32630.8) 477581 51045.8 42493.7 344701 26975 20774.2 15867.8
| 26 | 10/ 56783.68 18117.9 32101.5 477344 518232 44368 36886.6 29379 23268.6 185554
| 27| 11) 10233.3 21411.3) 34176.5 48528.9 51134.3 41992.8 338547 26720 21042.7 16822.7
| 28 | 12|  4664.1 16661.7 30809.8 471084 50808.7 41910.8 33812.3 26513.3 208374 16784.5
| 29 13| 9919.66 19720.2) 32009.3 46786.9 50048.4 41793.9 33908.5 263924 200289 14818.2
| 30 | 14| 9059.72 194827 31833.3 46111.6) 492346 412021 33937 274391 219001 17319.9
il 15 3508.28 16987 29619.8) 44406.7 47730.8 39591.9 31989.5 249234 193523 16276
| 32| 16 0 127145 272527 42997.6 472359 39976.9 327447 255424 195155 14664.3
| 33 | 17| 2031.84 137955 27596.3 434341 47630.2) 401844 330717 262922 2077864 165305 _
4 4 ¥ ¥i]\Outdoor Air [ B e S e Jﬂm"' T |n nnnnn . . ”—MH 4
Figure 5-11

Sample Export File

To Automatically Export Data

To export data automatically at the end of the run to a file for use in
another program (such as Microsoft Excel®):

1. When setting up the properties for the run, select Auto-Export on the
Run Settings tab. This activates the Export Options button on the
dialog. When you press the Export Options button, the Export Data
Options dialog opens (see Figure 5-10 above).

®Excel is a registered trademark of Microsoft Corporation.
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Select the type of data you want to export, the data range, and the file
format in which you want to export the data.

Verify the default file name (and path) or press the Save As button and
change the filename and/or location if you want to save the file to
another location or provide a new filename. The extension is
automatically selected when you chose a file type for exporting.

Press OK. Data will be exported to the file at the end of the run.

Arrange Open Windows/Change Layout

When several windows are open on the desktop, it is helpful to arrange
them for easier viewing.

There are two ways to arrange windows:

The traditional Windows method.

To arrange windows, select an item from the Window menu. Windows
on your desktop can be arranged horizontally, vertically, or cascaded.
Refer to your Windows documentation for examples and more
information.

Using the FMPS layout function.
Select one of the layout icons ﬁi (5-pane layout), Eﬁ (4-pane layout),
K& (3-pane layout), or fgf (2-pane layout).

Each icon changes the number and way in which windows are
displayed on the desktop. (These layout functions can also be selected
from the Window menu.)

All of the program windows that are currently open on the desktop are
listed at the bottom of the Window menu under the Close All item. To
make a window active (and bring it to the front of all windows), select the
name of the window from the list of open windows.

Quit the Program

To end the program, select File|Exit. All windows and files open on the
desktop are closed. If you have made changes to a file and have not yet
saved it, you will be prompted to do so.
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Software Menus

This section describes the software functions available for the FMPS
spectrometer software. There are two types of menus: desktop menus and
context-sensitive or popup menus.

« Desktop menus are those menus listed at the top of the FMPS
desktop. They include: File, Run, Playback, Format, View, Window,
and Help.

« Popup menus are those menus that appear when you click the right
mouse button when the cursor is positioned in an active window.

Nearly all menu items are available from both a desktop menu and a
popup menu, though a few items are only available in one or the other.
This section presents the items of the desktop menus first and then
describes the menu items that are available only through the popup
menus.

In addition to these menus, a toolbar, located just beneath the desktop
menus, provides shortcuts to the most commonly used menu functions.

Shortcut keys (keyboard keystrokes that do not require the use of the
mouse) are also available. They are described at the end of this section.

Desktop Menus

5-18

Note: All menus and the menu items are described below. Depending on
the operation you are currently performing and the window that is
active on the desktop, the menu may appear different than shown;
that is, some menu items may not be available.
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File Menu

The items of the File menu are used to open, save, and recall files and
perform other program operations.

&=8 Fun Playback Format Wiew winc

Tlew Chrl4+M
Qper, ., ChrHD
Close ChrlHw
Save As

Prink. .. Chrl4+P
Prink Presview. ..

Prinkt Setup...

Properties. ..

1 Cukdoor Air 1.3091d

2 Zero Check,3091d

3 Max Concentration, 2091d
4 Ceernight-OFFice_0,3091d

Exit

Figure 5-12
File Menu

New D]

Select File]New or <CtrlI><N> or E[ to open a new file and prepare to
collect sample data.

After you select New, you are prompted to enter a filename. Accept the
default filename or enter any filename you chose then select OK.

A Run View window opens on the desktop with the filename you entered. If
other windows were open at the time you last closed a file, these windows
also open on the desktop. All graphs and tables are initially empty. You are
ready to start collecting data. Refer to “How to Perform a Sample Run” for
a complete description.

Open &

Select File|Open or <Ctrl><O> or [ to open an existing file. By default,
the program will look for files in the same directory location as the last file
you opened or in the same directory as the FMPS program if this is the first
time running the program. All files are automatically given the appropriate
filename extension (.3091d). If you store data files in another directory or
on another drive, you must first display the file pathname in the Open
dialog box before you can select and open it.

When the file opens, a window (or windows) will open on the desktop
displaying the data in this file.

Software Operation 5-19



5-20

Multiple files can be open on the desktop at the same time. Only one
window, however, is the active window.

Close B

Select File|Close or [ or <Ctrl><W> to close a file (and all the windows
associated with it). If there are windows open on the desktop from more
than one file, Close will close only those windows associated with the file
whose window is currently active. If you attempt to close a file that has
been changed but not saved, you will be prompted to save the changes
before closing the file.

Since the Run View is the controlling view for a file, closing this window
using the X| putton in the upper right corner also closes the file.

Save As E

Select File|Save As or [ig to save data to a new filename. (The file
contents are duplicated to the new filename. To delete the original filename
later, use Windows® Explorer® to do so.)

After selecting Save As, you can select a drive/directory in the file dialog
box. The same filename can be used if you save the file to another
drive/directory, but if you want to save the file to the same directory, you
must give it a new name.

Do not add the filename extension. It is added automatically when you
select Save As.

Export

Select File|Export to export data for use in another program. Data is
exported in a delimited text file. Refer to “Export Data to a File” earlier in
this chapter for information.

Print %I

Select File|Print or él or <Ctrl><P> to print the active window on the
desktop in a report format. To preview the output before printing it, select
File|Print Preview.

Refer to your Windows® documentation for information about the Print
dialog box.

Print Preview &l

To avoid printing something you do not want, select File|Print Preview or
%,] to see what your printed output will look like before selecting Print.

Print Setup...

Select File|Print Setup to set up the printer for printing. Refer to your
Windows® documentation and your printer’'s documentation for information
about setting the printer parameters.
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Properties...

Select File|Properties to see the run properties for the current run. The
parameters that can be set in the Properties dialog for a new run are
described earlier in this chapter. When viewing the properties for an
existing run, only the title and comment fields may be modified and you
may also select or de-select “Hide Invalid Data Values”.

List of Recently Accessed Files

Between the Print Setup and Exit menu items is a list of the most recently
accessed data files (a maximum of four files is displayed). These are
accessed from the menu by selecting File|1, 2, 3, or 4.

The list provides a shortcut to these files so you can bypass the Open
command. To open one of the files listed, use the mouse to highlight it and
click the left mouse button. The file opens on the desktop.

Exit
Select File|Exit to end the program.

Run Menu

The items available under the Run menu are used to start and stop data
collection.
Run Playback Format  Wiew
Start data collection F10
Stop data collection

Delete,,

Properties. ..

Figure 5-13
Run Menu

Start Data Collection i

With a new file open on the desktop, select Run|Start Data Collection or
@ or <F10> to begin collecting data. Data is collected according to the
parameters set in the Properties dialog (see earlier in this chapter).

Once you select Start Data Collection, data collection begins immediately
or at the time selected in the Parameters dialog box. As data is collected, it
is displayed in the open windows.

Stop Data Collection LI

Select Run|Stop Data Collection or LI to stop collecting sample data
immediately. When you select this item, sampling stops and data already
collected is saved in the file.
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Delete #&

Select Run|Delete or 3 to delete data. This is useful if you need to stop
and restart a run. You can only delete data for a new run. It cannot be used
to delete data once the file is closed. To delete data for an existing run, use
Explorer® or a similar tool to delete the file.

Properties...

This menu item provides a shortcut to the same Properties dialog box
listed under the File menu. Refer to that description or see the description
of the

Playback Menu

The Playback menu lets you display the sample data series, so that many
timed samples can be viewed quickly, visually identifying trends or special
events from a large list of samples.

The playback feature was described earlier in this chapter under “Playback
(Review) a Sample Run.” Refer to that description.

Plap
Fatige

v Shop

Figure 5-14
Playback Menu

Format Menu

The menu items of the Format menu let you control how information is
presented in tables and graphs.

Format  Miew Window Help

Concentration Scale...

Caolar...

Sk

Z

v Small
Medium
Large

I hdeZoam

Figure 5-15
Format Menu
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Concentration Scale
Select Concentration Scale to open the Scale dialog box

(Figure 5-16).

Concentration Scale Ed |

™ Linear

tin Concentration

|1.EI

T Min

' Max

0 MindMax
% Auto Scale

i ax Concentration

|1 Q00,0
Cancel |

Figure 5-16

Concentration Scale Dialog Box

Use this dialog box to set options and parameters as described in
Table 5-2. Make desired changes and select OK.

Table 5-2

Options/Parameters of the Concentration Scale Dialog Box

Option/Parameter
Linear

| Description

Data plotted on a linear scale.

Log

Data plotted using a logarithmic scale.

Min

Select this radio button to specify a minimum value for
the concentration range. When selected, enter a
minimum value in the edit box below. This value must
be greater than or equal to 0.

Max

Select this radio button to set a maximum value for the
concentration range. When selected, enter a maximum
value in the edit box below. Enter a value, m, such that
100 <= m <= 2e8.

Min/Max

Select this radio button to set both the minimum and
maximum values for the concentration range.

Auto Scale

Select to let the software automatically determine the
minimum and maximum concentration values. Auto-
scale is the default.

Min Concentration

Enter the minimum concentration value here. When the
graphs are auto-scaled, the value shown in this box
(grayed) is the minimum value as calculated by the
software.

Max Concentration

Enter the maximum concentration value here. When the
graphs are auto-scaled, the value shown in this box
(grayed) is the maximum value as calculated by the
software.

Software Operation
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Color Ql

Select Format|Color or QI to change the colors used to display items in
the active window.

When Format|Color is selected, the Graph Color or Table Color window
opens depending on the active window on the desktop (Figure 5-17 shows
both). These windows include a preview screen, a drop down list and a
color palette. From the drop down list, select the name of the item you want
to modify. The current color for that item is indicated in the color palette.
Use the mouse to point to the new color for that item and click the left
mouse button to select it. The preview screen then displays the item in the

new color.
Color Color
Color Object: Color Object;
IWindow Background :_j IWindow B ackground _:j

B

1 | ibe |Abe |Abe |Abe |Abe | Abe
2 | Abe |Abe |Abe |Abe |Abe |Abe
3 |Abe |Abe |Abe |Abe |Abe |Abe
4 | Abe |Abe |Abe |Abe |Abe |Abe

Lo
BILLCTILRTARG

B asic colors:

Figure 5-17
(A) The Graph Color Dialog Box, (B) The Table Color Dialog Box

Select items from the drop down list and colors as desired. When finished,

press OK. The colors selected will be used from that point on in all graphs
and/or tables.
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The items selectable for windows containing graphs are:

o Window Background

o Plot Area Background

o Labels
. AXis
« Data

« View Boundaries

« Data Hotspot Lines

The items selectable for windows containing tables are:

« Window Background
o Cell Text

e Grid Color

« Cell Background

o Fixed Area Text

The Color dialog box for the 3D graph is slightly different as shown in

Figure 5-18.

x

Color Object:

IData

HEEEEEEEN
I

ak. I Cancel |

Figure 5-18
The Color Dialog Box for the 3D Graph
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Use this dialog to change the color of the following items:
- Data

o Highlighted Data

o Window Background

« Graph Background

o Labels

e AXis

Font Style &I

Select the Format|Font|Style... menu to change the style of the text in all
graphs or tables. See Figure 5-19.

Select any font and font style available on your computer. The preview box
displays what the text will look like before you implement it by selecting
OK.

Font E
Fant: Fant Style:
P Ok
IHeguIar -
ET— Cancel |
Arial Black Italic:
T Avial Marrow Eold
T Asial Rounded MT Bolx|  |Bold Italic =l
—Sample
Figure 5-19

Font Dialog Box

Font Size El

To change the font size, select Format|Font|Small, Medium, or Large
(the default is Medium). To change the text size without using the menus,

select the EI icon from the toolbar. Each time you select the icon the text
size changes to the next text size. (Rotation is from small to medium to
large.) The font size for text can be changed in all views except the Run
View where only the font style can be changed.

Undo Zoom &

Select the Format|Undo Zoom, select the Undo Zoom icon Hor type Z
in the graph that is currently zoomed to return the graph to its normal
viewing size. Refer to the section “Zoom In and Out on Data in a Graph”
earlier in this chapter.
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View Menu

The View menu lets you select the view windows you may open on the
desktop. A checkmark next to an item indicates the item is already open. If
it is not visible, look under the Windows menu to find the item and make it
the active window.

| Yiew Wwindow Help
v 30 Graph
v Particle Table
v Particle Histogram
Total Concentration

Instrument Skatus,,, Chrl-I

Toolbars r
Copy ko Clipboard Chl-C

Figure 5-20
View Menu

3D Graph 3D

Select the 3D Graph menu item when you want the 3D graph window open
on the desktop (Figure 5-21).

© 3D Particle Concentration [3:11:35.0 PM] [Outdoor Air 1.3... [2 |[B]X]
e

205.0

Figure 5-21
3D Graph View
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Particle Table E8

Select the Particle Table menu item when you want the Particle Table
window open on the desktop (Figure 5-22).

© Particle Table at: 3:11:35.0 PM [Outdoor Air 1.3... [ |[B][X

Wlidpt Dp (nm)

Concentration

Surface

“olurme

e,

#om? nrm¥fcm?® nm¥crm?

8432 972e+H14 9 79+
1.3%e+13 2.13e+5 2.48e+15
2 06e+13 4 2e+Hla 5 BdeHl5
2.85e+03 7 7eHl5 1.21e+HlE
3. 05e+13 1.11eHlG 1.98e+H15
2bde+13 1.28e+H1G 2.bdeHlb
2 9a+13 1.48e+H15 3.83eH1E
I MMa+T 1 7 2aalk A Tdaals

Figure 5-22
Particle Table Window

Particle Histogram M

Select the Particle Histogram menu item when you want the Particle
Histogram window open on the desktop (Figure 5-23).

#© Concentration Histogram at 3:11:03.0 PM [Outdoor Air 1... E”E|E|

100

8.0+

8.0

7.0

6.0

5.0+

4.0

3.0+

Concentration {di #cm?) [e3]

;E_ “ )1 H“mnmvﬂr—--— ]

20 40 6o 100 200

th
-~
=
(=]

Dp (nm]

00 560

Figure 5-23
Particle Histogram Window
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Total Concentration &

Select the Total Concentration menu item when you want the Total

Concentration window open on the desktop (Figure 5-24).

B

A=

Total Concentration

2:11:02 Phd

Concentration (#cm?) [25]
2 =2 2= = =
(n7] oo - (] =5

=
T

-
(]

0.0

14:00

14:30
Time

15:00

27 Fri Aag 2004

8.78e+04

Figure 5-24
Total Concentration Window
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Instrument Status <Ctrl><I>

This menu item is available at all times. A data file does not need to be
open in order to view instrument status. When you select the Instrument
Status menu item, a dialog window opens detailing the status of the
instrument as in Figure 5-25. This dialog will attempt to connect to the
instrument if necessary. The Instrument Status dialog reads instrument
status values once per second and updates the values for each item
shown. Table 5-3 describes each of the parameters and buttons on this

dialog.

FMPS 3091, Serial #70431129, Firmware Ver: MCU:1.97,05P:2... [2 |5 [X]
SheathFlow  (ipm) | 3939 ColumnVokage1 (V) | 8485
SampleFlow  (pm) | 800 ColumnVokage2 (V) | 46322
Extraction Flow  (lpm) | 1.99 ColumnVoltage 3 (V) | 1200.47
ChargeeFlow  (pm) | 060 Sheath Temp o [ 20
Intemal Pressue (mBar) | 965.9
Neg Charger
Cusrent {nA) 3487 Voltage v [ 2410
Pos. Chatger
Cusrent (n4) EIRL Voltage v [2%s
Extemal Inputs -

Analog 1 v) 0.000 Trigges Channel 1 OFF
Analog 2 V) 0.002
Cortroks (On/0ff) Electiometers
| Neg. Chager | Flow Contol Electiometer Offsets and RMS..
[ Pos. Charger [AnalyzetVO'«m

Zero the Electrometess. ..
L_CohmHeotu l

more >>
Figure 5-25

Instrument Status
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Table 5-3

Instrument Status Parameters

Parameter | Description

Sheath Flow Volumetric flow rate of the particle free sheath air flow in
liter per minutes.
Sample Flow Volumetric flow rate of the sample flow, in liter per

minutes. Sample flow plus extraction flow equals the
aerosol inlet flow.

Extraction Flow

Volumetric flow rate of the extraction flow in liter per
minutes.

Charger Flow

Volumetric flow rate of the particle free charger sheath
air in liter per minutes.

Internal Pressure

Absolute pressure in the sizing column in millibar. Used
for the volumetric flow calculation.

Column Voltage 1-3.

Voltage on the center electrode sections in Volt.
Column Voltage 1 = Top Section

Column Voltage 2 = Middle Section

Column Voltage 3 = Bottom Section

Sheath Temp.

Temperature of the particle free sheath air flow in
degree Celsius before it enters the sizing column.

Neg. Charger Current
and Voltage

lon current of the negative charger in nano Ampere.
Voltage at the charger needle in Volts.

Pos. Charger Current
and Voltage

External Inputs

lon current of the positive charger in nano Ampere.
Voltage at the charger needle in Volts.

Analog 1 Voltage of the external analog input Analog In CH1 in
Volts.
Analog 2 Voltage of the external analog input Analog In CH2 in

Volts.

Trigger Channel 1
Controls
Neg. Charger

Status of the external Trigger IN (ON or OFF)

Use this push button to turn on/off the negative charger.

Pos. Charger

Use this push button to turn on/off the positive charger.

Column Heater

Use this push button to turn on/off the column heater.
Turn the heater on when the instrument is in a cool (i.e.,
air conditioned) environment and sampling from a warm,
humid environment to prevent condensation that could
cause the electrometers to become noisy. Normally, the
heater should be turned off unless needed.

Flow Control

Use this push button to turn on/off the flow control.

Analyzer Voltages

Use this push button to turn on/off the analyzer
voltages.
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Parameter Description

Electrometers

Electrometer Press this button to open a window which will display the

Offsets and RMS offsets and RMS values for each of the electrometer
channels (see Figure 5-26).

Zero the Pressing this button will start the process of zeroing the

Electrometers electrometers on the instrument (see Figure 5-27 to
Figure 5-29).

more >> or <<less Press this button to expand or contract the dialog. See
Figure 5-30.

Electrometer Dffsets and RMS x|

Channel Offset [fa) | RMS [fa)
1.2

1.2

1.1
41

1.4
1.2
1]
1.1

h | o | ok ok | ok | ok [ ek | ok | oed | ek
=0 =0 L L D el Bl el i e el e B

ut]
=]

21
22

Average

Figure 5-26
Electrometer Offsets and RMS Screen
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When the Zero the Electrometers... button is pressed, the following
message box is displayed (Figure 5-27). To continue with the zeroing
procedure, select the Yes button. Refer to the "Troubleshooting" section in
Chapter 6 which discusses this procedure and some possible reasons for
doing a zero on the instrument

The zero electrometer funckion corrects long-term drift of the eleckrometers. It can
be done while the instrument is sampling aetaosal and will kake about 45 seconds,

When finished, the offset and RMS values will be permanently reset and saved in the
instrument, ¥ou can view the new values using the ‘Electrometer Offsets and RIS, ,." button,

Are wou sure wou wank ko continue?

Figure 5-27
Zero Electrometer Function Dialog Box

If you answer “Yes” to continue, the zeroing procedure will start. A
progress dialog will display while the zeroing is taking place. The zeroing
takes approximately 45 seconds.

Zero Electrometers 5[

Time: 00:00:40

Please Wait...

L

Figure 5-28
Zero Electrometers Progress Dialog Box

When the zeroing is complete, you will see a message window like this:

Zero Electrometers ﬂ

The Electrometer zeroing is complete.

I

Figure 5-29
Zero Electrometers Zeroing Complete
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Figure 5-30

Instrument Status Expanded

When the instrument status dialog is expanded (>>more button is
pressed), a graph showing current particle concentration similar to the
instrument front panel is displayed. The data displayed in the graph may
be controlled in the following ways:

o Press the Start Sampling button to begin sampling. The graph will
begin updates of current particle concentration once per second.

« Linear or Log button: Click on each of the buttons to toggle between
the two y-axis scales.

« dN/dlogDp or Number button: Click on each of the buttons to toggle
between the two display units.

« Concentration or Electrometer Current button: Click on each of the
buttons to toggle between these data types sampled from the
instrument.

« Pressthe Stop Sampling button to stop sampling and the instrument
status display will resume updates to the status values on the left side
of the dialog.

e Use the <<less button to contract the dialog back to its original size.
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Toolbars

Select View|Toolbars to display or hide the toolbars that appear on the
desktop. Each toolbar is illustrated below:

DB &y ms>=E@RRmM ® P I B x|[iosc |auoscle | n |G 2

Main Toolbar

& Al x|

Color and Font Toolbar

The Color and Font toolbar will be displayed if it was displayed the last
time you ran the FMPS software. Select View|Toolbars|Color and Font
Toolbar to display the color and font toolbar.

To view what each icon button does, position the cursor on the icon. A
balloon appears to describe the function of the icon.

To move a toolbar, position the cursor on a gap between two icons and
press and hold the left mouse button. As you move the mouse, the toolbar
moves with it. When you release the mouse button, the toolbar remains
where it is.

Window Menu

Use the Window menu items (Figure 5-31) to select your window layout
you want, close all windows, and open, close and arrange the windows on
your desktop. Refer to your Windows® documentation, if necessary, for an
example of what the cascade, tile horizontal, and tile vertical commands
do.

Window Wkl

v o Pane Layaouk
4 Pane Lavouk
3 Pane Lavout
2 Pane Lavout

Cascade
Tile Harizankal
Tile wertical

Close All

v 1 Concentration Histogram at 3:11:03.0 PM [Qutdoaor Air 1,3091d]
2 Particle Table at: 3:11:03.0 PM [Oukdoor Air 1,3091d]
3 3D Particle Concentration [3:11:03.0 PM] [Oubdoor Air 1.3091d]
4 Total Concentration [Cutdoor Air 1.3091d]
5 FIMPS Fun Yiew [Qutdoor &ir 1,3091d]

Figure 5-31
Window Menu
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5, 4, 3, and 2 Pane Layout

These menu items and toolbar buttons are intended to provide a shortcut
to viewing and sizing each of the windows within the bounds of the desktop
in a convenient layout. Each of these window layout selections correspond
to toolbar buttons:

ﬁi 5 Pane Layout displays the Run View, Particle Table, Particle
Histogram, Total Concentration Graph and the 3D graph. Each window is
sized so that all five panes fit on the desktop.

Eﬁ 4 Pane Layout displays the Run View, Particle Table, Particle
Histogram, and the 3D graph. Each window is sized so that all four panes
fit on the desktop.

E 3 Pane Layout displays the Run View, Particle Histogram, and 3D
graph. Each window is sized so that all three panes fit on the desktop.

ﬁ 2 Pane Layout displays the Run View and Particle Histogram. Each
window is sized so that both panes fit on the desktop.

Close All
Closes all the windows on the desktop.

Help Menu

The Help menu (Figure 5-32) provides access to information about the
program.

Help Manual. ..
Abouk FMPS Software.

Figure 5-32
Help Menu

Help Manual

Select Help Manual to open a PDF file of this manual. Adobe® Acrobat®
Reader must be installed on your computer to view the manual. The PDF
file of the manual is searchable and printable.

About FMPS Software

Select About FMPS Software to see the copyright statement for the
program and view the version number of the software.
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Context-Sensitive Menus

To access context-sensitive menus, also called “popup menus,” click the
right mouse button when the cursor is in an active window. Each window
has a popup menu as shown below. The table following each popup menu
describes where to find a description of that menu item.

Run View Popup Menu

Concentration Scale. .

Show Max Concentrakion Yalue  Cerl+M

Set Analog Scale...
dnalog Input Labels.. ..

Fonk...

Copy Chrl4+1C
Inido Zoom i

Prink

Prink Preview. ..

Properties. ..

Figure 5-33
Run View Popup Menu

Menu ltem For a description, see ...

Concentration Scale ... Format Menu
Show Max Concentration Value Below

Set Analog Scale Below
Analog Input Labels... Below

Font... Format Menu
Copy View Menu
Undo Zoom Format Menu
Print File Menu
Print Preview File Menu
Properties File Menu

Show Max Concentration Value

Select this option or press <Ctrl><M> in the Run View and the software
will select and display the time window corresponding to the maximum
concentration value recorded for the current averaging interval.
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Set Analog Scale

Select Set Analog Scale to open a dialog box (Figure 5-34) that lets you
enter new values for the minimum and maximum Y values for the analog
input data. You may enter a new value for the Min Y and or the Max Y.

Set ¥ Scale for Analog Graph x|

b &

|1EI.5
Cancel |

Figure 5-34
Set Y Scale for Analog Graph Dialog Box

Analog Input Labels

Select Analog Input Labels to open a dialog box (Figure 5-35) that lets
you enter new labels for the analog inputs that are displayed in the analog
graph in the lower section of the Run View window. Enter any text up to
47 characters.

Enter Analog Input Labels |

Analog lnput 1: I

Analog lnput 2: I

Caricel |

Figure 5-35
Enter Analog Input Labels Dialog Box
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Particle Table Popup Menu

nits

Load Density Yalues. ..
Save Density Yalues. ..

Color,..
Font

Copy Chel4+C

Prink
Prinkt Presview. ..

k

Figure 5-36
Particle Table Popup Menu

Menu Item For a description, see ...

Units Below
Load Density Values... Below
Save Density Values... Below

Color... Format Menu
Font... Format Menu
Copy View Menu
Print File Menu
Print Preview File Menu

Units

dNdlogDp or Concentration: select either of these two display units.

Load Density Values...

Select Load Density Values to load previously saved density values from
a text file. When you select this menu item, a Load Density File dialog box
opens. Navigate to the file you want to use and select Open. The density
values are read and displayed in the density column of the table. Density
values are saved with the data file.

Save Density Values...

Select Save Density Values to save the current density values to a file for
later use. When you select this menu item, a Save Density Values to a File
dialog box opens. Enter a file name and select Save. The current values in
the density column are written to this file.
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Concentration Histogram and Total Concentration
Popup Menus

The menu items for the popup menus for the Concentration Histogram and
Total Concentration windows (Figure 5-37) are the same except
Concentration Scale or View Boundaries cannot be selected from the Total
Concentration Graph popup menu. This is because the data in the Total
Concentration Graph window is always auto-scaled and represents totals
for all channels. You can only change the scale type in the Total
Concentration Graph window between logarithmic and linear using the
toolbar button.

Concentration Scale. ..
Weight »
Vigw Boundaries Weight 3
Graph Twpe 3 araph Tvpe b
arid Lines 3 arid Lines »
Colar, ., Color,..
Fant [ Fant 3
Copy Chrl4+C Copy Chrl+C
Prink... Print...
Prink Preview. .. Prinkt Presview. ..
A B
Figure 5-37

Concentration Histogram (A) and Total Concentration (B) Popup Menus

Menu Item | For a description, see ... \
Concentration Scale... Format Menu
Weight Below

View Boundaries Below

Graph Type Below

Grid Lines Below
Color... Format Menu
Font... Format Menu
Copy View Menu
Print File Menu
Print Preview File Menu
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Weight
Use the Weight menu to choose how to “weight” the units that
are displayed.

The options are: number, surface, volume and mass.

Weight 2 Mumber
cranh T Surface
rfap. Pe Yolume
arid Lines
Mass
Figure 5-38
Weight Menu

The currently selected weighting is marked with a checkmark. Table 5-4
gives a description of each unit.

Table 5-4
Weight Options

View Units | Description

Number Number represents the total number of particles per unit
volume of air sampled (i.e., number concentration expressed
as #/cm3). Number concentration is the primary measurement
of the Model 3091 FMPS system. The sensor is sensitive to
the number of particles in the aerosol sample as opposed to
the particle mass, color, shape, composition or other
characteristic. The distributions of diameter, surface area,
volume or mass concentrations of the particles are calculated
based on the particle number distribution.

The number concentration, dN, measured by the Model 3091
is the concentration of particles in a given channel. The
normalized concentration dN/dlogDp is the number
concentration of each channel multiplied by the number of
channels per decade (16).

Surface Surface represents the total surface area of the particles per
unit volume of air samé)led (i.e., surface area concentration
expressed as nm?/cm ). The surface area concentration
calculation assumes that all the particles are perfect spheres.
Surface area concentration is calculated by:

dS=dN - n D,
where D, is the geometric midpoint of the particle size channel.
Volume Volume represents the total volume of the particles per unit
volume of air sampled (i.e., volume concentration expressed
as nm3/cm3). The volume concentration calculation assumes
that all the particles are perfect spheres.
Volume concentration is calculated by:

dv =dN - (u/6)D,’,
where D, is the geometric midpoint of the particle size channel.
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View Units Description

Mass Mass represents the total mass of the particles per unit volume
of air sampled (i.e., mass concentration expressed as ug/cm3).
The mass concentration calculation assumes that all the
particles are perfect spheres with the density defined in the
density column of the Particle table for each channel.

Mass concentration is calculated by:

dM = dN - (/6)D,’p,
where D, is the geometric midpoint of the particle size channel
and p is the density. This quantity is related to Volume
concentration by the simple factor p.

In many of the tables, the values for all four weightings are supplied in
tabular format.

Note: Surface, Mass and Volume weighting calculations assume that all
the particles are spherical. Mass calculations use the density
defined in the particle table for each channel. However,
comparisons to methods that measure particle surface, volume or
mass directly may give results different from those calculated by the
software.

View Boundaries

Select View Boundaries to display the channel view boundaries in the
graph window. After you select View Boundaries, drag view boundaries
by positioning the cursor on the boundary, clicking the left mouse button,
and dragging the boundary to a new location.

Graph Type
Select Graph Type to select the type of graph to display in the active
window. The options are bar, line, or area.

Grid Lines
Select Grid Lines to select the lines for the graph in the active window.
The options are horizontal, vertical, both or none.

3D Particle Concentration Popup Menu

Concentration Scale. .

Graph Tvpe 3

Calar, .,
Fonk k

Copy CErlHiC

Prinkt. ..
Prink Preview. ..

Figure 5-39
3D Particle Concentration Popup Menu

5-42 Model 3091 Fast Mobility Particle Sizer™ Spectrometer



Menu Item | For a description, see ...

Concentration Scale... Format Menu
Graph Type Below
Color... Format Menu
Font... Format Menu
Copy View Menu
Print File Menu
Print Preview File Menu

Graph Type

Select Graph Type to select the type of graph to display in the active
window. The options are 3D Bar or Waterfall.

Status Bar

lcons

A status bar at the bottom of the desktop displays information about the
current run as described below.

|Ready

'€ |/ [Start Time:9:17:00 AM [Run Length=00:01:00 ,;,;[

Icon | Description

Al

Attention. Errors conditions were detected during the run. Move the
mouse over the icon to view the tool tip which displays the error
text. See Chapter 6 for a complete description of instrument errors
that may be reported here.

Instrument status information. Move the mouse over the icon to
view instrument status information saved for this run.

The run completed without errors.
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Shortcut Keys

Shortcut keys and key combinations can be used to perform operations
using only the keyboard (no mouse required).

Key(s) | Action for FMPS Sensor

F1 Help; opens the help manual (PDF file)
F10 Start Data Collection

CtrlC Copy current view to clipboard
Citrl | Opens Instrument Status window
CtrIN Open a New document

Ctrl O Open a document

Ctrl P Print current view

P Print current view

Ctrl S Save As

Ctrl W Close current file.

z Undo Zoom in graph
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CHAPTER 6
General Care,

Troubleshooting and
Service

This chapter is written for a service technician with skill in both electronics
and mechanics. Static preventative measures should be observed when
handling any printed circuit board connectors.

The Model 3091 Fast Mobility Particle Sizer (FMPS) spectrometer is
designed for many hours of maintenance-free operation. This chapter
describes basic care of the instrument, some troubleshooting suggestions,
and provides information on where to go for service.

The Model 3091 is a complex instrument. Feel free to contact TSI prior to
any maintenance procedure or for general questions regarding particle
sampling. Read through the entire section and make sure all the tools
necessary are available before starting to disassemble the instrument.

Basic Care of the Fast Mobility Particle
Sizer Spectrometer

Table 6-1 provides a general indication of the maintenance requirements. In
applications where high concentrations may be generated, maintenance is
required more often.

Caution

In general, if the instrument is functioning properly (sizing particles
correctly compared to a standard, and without excessive noise),
cleaning is not recommended—it can lead to leaks or damage if not
done correctly.

6-1



Table 6-1
Maintenance Schedule

Maintenance | Frequency

Remove the cyclone cover and clean interior surfaces 100 hours of operation or as needed
(especially the wall opposite the inlet nozzle).

Check/clean the charger electrodes. 100 hours of operation

Clean the column and outer electrode. 500 hours of operation
Clean the high voltage column and sensing electrodes.

Replace the manifold filter cartridges. >6000 hours of operation or as needed

Replace the pump filter cartridges. >6000 hours of operation or as needed

Cleaning the Cyclone

To help maintain the instrument at peak performance, use the cyclone
whenever you take measurements. The cyclone removes particles greater
than those measured by the FMPS spectrometer and improves
measurement accuracy by eliminating multiple charged particles behaving
as smaller particles. The cyclone also reduces the particle load on filters
and the accumulation of particles on interior surfaces of the charger column.

Clean the cyclone prior to the start of testing. When cleaning, refer to the
illustration of the cyclone in Figure 2-2.

To clean the cyclone:

1. Separate the cyclone from the SS union fitting by loosening the hex
nuts.

2. Remove the cyclone’s removable base by turning it counterclockwise.

Use compressed air to blow out the interior surfaces and rinse it in
isopropyl alcohol, acetone or water.

4. Examine the interior inlet orifice to make sure it is clear.

5. Dry the parts thoroughly, and add a very light coating of oil or grease to
the bottom sides of the cyclone. This will increase its collection
efficiency especially for fibers.

6. Reassemble and reinstall the cyclone.
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Cleaning and Replacing Charger Needles

If you receive an error code (Tables 6-2 and 6-3) identifying a problem with
either the positive or negative charger current or voltage, you will need to
clean or replace the electrode in the charger head.

The procedures for the negative and positive charger needles are very
similar. To clean or replace the positive charger needle, follow the
procedure for cleaning or replacing the negative charge needle, but read the
short section below on the differences between the two procedures.

Note: Protect your back. Because of the height of the FMPS spectrometer,
these procedures are easier when the instrument is on the floor.
Because of the instrument’s weight, always have two people move
the instrument.

Cleaning the Negative Charger Needle

WARNING
High voltage is accessible in several locations within this instrument.
Make sure you unplug the power source to the instrument before
performing maintenance procedures.

To clean the negative charger needle, proceed as follows:

1. Power off the equipment and wait 5 minutes for the internal capacitors
to discharge.

2. Remove the top cover by:

a. Loosen the three top-panel screws on each side of the instrument.
(Note: Screws do not need to be removed. Panels are slotted to
allow for removal without removing the screws.)

b. Loosening the two top-panel screws on the back of the instrument.

c. Lift the back of the top panel up slightly, then pull it backward and lift
it out (Figure 6-1).
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Loosen Screws

1

Figure 6-1
Remove Top Panel

3. Disconnect the sample inlet tube from the charger column (Figure 6-2).

v o

A

Figure 6-2
Disconnect Sample Inlet Tube
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4. The negative charger is located closest to the top of the charger column
(Figure 6-3). Remove the second set of screws (3) using an Allen
wrench (provided in the accessory kit). Loosen all screws % turn, then
remove each completely and put them aside for reassembly.

Figure 6-3
Remove the Screws of the Negative Charger Assembly

5. Carefully lift off the charger head (Figure 6-4).

[ o

Figure 6-4
Lift off the Negative Charger Head
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6. As you lift the charger head, note the honeycomb flow straightener. The
“honeycomb” may be dislodged, it may stay inside the charger
assembly, or it may stay inside the column. If the honeycomb remains in
the charger assembly or inside the column, use a needle nose tweezers
to remove it (Figure 6-5). Put the honeycomb aside for reassembly.

‘/\_
-

Honeycomb

Flow 4

N ‘Straight%ppv‘

Figure 6-5
Remove the Honeycomb for Reassembly

7. With the charger head upside down on the charger column (as shown in
Figure 6-5) and the honeycomb removed, inspect the charger needle.

8. The charger needle (Figure 6-6) is located on top of the white cone tip
(insulator) and is nearly invisible to the naked eye. Use a magnifying
glass (8x minimum), a jeweler's loop, or a microscope to view the fine
charger wire. Generally, if you have a charger error, you will see a tiny
bulb of contaminant (either white or black) collected on the charger
needle.

9. Use a fine-tipped pair of tweezers, to gently grab the contaminated
needle and draw the tweezers up, using care not to bend the needle as
you do so. Do not use solvents to clean the needle. If the needle bends,
use the tweezers to straighten it. The needle must be as straight and
centered in the ground cup as possible.
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Figure 6-6
The Charger Needle

10. After you have removed the collected material, reassemble the
instrument and run a test to check operation. If you get another error
message (or if the needle breaks while cleaning it), replace the needle
as described in the following section.

Replace the Negative Charger Needle
To replace the charger needle, proceed as follows:

Note: Make sure your hands are clean so grease or oil does not get on the
grounding cup or the insulator. You may want to wear examination
gloves.

1. Follow steps 1 through 6 of the cleaning procedure, then...

2. Unscrew the ground cup (Figure 6-6) and set it aside for cleaning and
reassembly. Tools are not needed to remove it.

3. Unscrew the white cone tip (the insulator with the charger needle
attached). A tweezers or pliers may be used to hold the flange with
holes to keep it from turning (see Figure 6-7).
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Figure 6-7
Hold the Flange with Tweezers

4,

10.

11.
12.
13.
14.
15.

Screw a new charger wire/cone tip (provided in the accessories kit) onto
the charger stem. A tweezers or pliers may be used again to hold the
flange with holes to keep it from turning. Tighten the charger wire/cone
tip so that it is bottomed-out and tight.

Use a swab and hot water or alcohol to clean the cone tip to remove
any grease or oil from your hands. Be careful not to bend the charger
needle.

Clean the ground cup with hot water or alcohol and blow it dry with
compressed air.

Screw the ground cup back on (finger-tight).
Verify the charger wire is centered in the cone. Use a magnifying glass.
Carefully set the honeycomb on the charger column.

Flip the charger assembly back into position and line up the screw holes
(the sample inlet tube should point to the back of the instrument).

Start each screw first then tighten each of them down firmly.
Do a final tightening of the screws to seal the O-ring.
Reconnect the sample inlet tube.

Replace the top panel and tighten the retaining screws.

Run a sample to verify the FMPS spectrometer is working properly.
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Cleaning or Replacing the Positive Charger Needle

WARNING
High voltage is accessible in several locations within this instrument.
Make sure you unplug the power source to the instrument before
performing maintenance procedures.

The procedure for cleaning or replacing the positive charger needle is nearly
identical to that for the negative charger needle, with the following
exceptions:

« Before cleaning or replacing the positive charger needle, you must
disconnect the charger sheath flow tubing (Figure 6-8). You must push
the retaining ring evenly into the connector before pulling the hose
free. If you try to simply pull on the hose, it will become harder to
remove.

« The positive charger is the bottom set of screws (see Figure 6-9) on the
charger head assembly.

« The positive charger does not have a honeycomb. Beneath the positive
charger is a grid (screen) which you do not need to remove.

« When reassembling the positive charger, take care to protect the wire
tip from bending over by coming in contact with the coarse wire mesh
when inserting it through the hole in the center of the mesh.

Figure 6-8
Disconnect the Charger Sheath Flow Tubing
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Figure 6-9
Remove the Screws of the Positive Charger Assembly

Cleaning the Charger Column

6-10

The charger column should be cleaned according to Table 6-1 or when an
error code indicates there is a problem. This section provides two
procedures for cleaning the charger column: a basic procedure and a
detailed procedure. Perform the basic procedure first. If that does not
resolve the problem, perform the detailed procedure.

Note: Make certain the cyclone is always mounted on the aerosol inlet. The
cyclone removes lint and large particles from the air stream and will
help keep the instrument clean.

If you have questions regarding the need to clean the charger column, refer
to “Technical Contacts” later in this chapter.

WARNING

High voltage is accessible in several locations within this instrument.
Make sure you unplug the power source to the instrument before
performing maintenance procedures.
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Basic Charger Column Cleaning Procedure

Note: Because of the height of the FMPS spectrometer, it is easiest to work
on the instrument when it is on the floor. Protect your back—because
of its weight, always use two people to move the instrument.

Perform the basic charger column cleaning as follows:

1. Power off the equipment and wait 5 minutes for the internal high-voltage
capacitors to discharge.

2. Remove the top panel (refer to “Cleaning and Replacing Charger
Needles” and Figure 6-1).

Disconnect the sample inlet tube from the charger column (Figure 6-2).

4. Unscrew the charger head assembly screws (4) as shown in
Figure 6-10.

Figure 6-10
Unscrew Charger Head Assembly Screws
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5. Unclip the wiring harness retainer using a flat-blade screwdriver, if
needed (Figure 6-11). The charger wiring harness should now be free.

A

Figure 6-11
Unclip the Wiring Harness Retainer

6. Lift the charger head assembly off. It seals with an O-ring, so there will
be some resistance as you lift the head assembly.

7. Turn the assembly over and set it off to one side, refer to
Figure 6-12.

8. Locate the cleaning tool (TSI P/N 2900009—assembly cleaning tool)
from the accessory kit and the 12 x 15 in. (30 x 38 cm) square
cleaning cloths. The cloths should be lint-free and may be dampened
with acetone if needed. Fold the cloth in the long direction to double up
the cloth (if this is too thick, cut the cloth in half to geta 7.5 x 12 in.
piece and try again)

9. Apply a cleaning cloth to the cylinder as shown in Figure 6-12. One
edge should be attached to the loop fastener tape and the cloth
wrapped around the cylinder until it overlaps.

Figure 6-12
Cleaning Tool
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10. Using the cleaning tool with cloth, clean the inside of the cylinder by
slowly inserting the tool into the space between the inner and outer
column (Figure 6-13). Rotate the tool (in the direction which will not
unwrap the cloth) and slowly push it down. Continue this motion until
the cleaning tool has bottomed out at the bottom of the column.

Note: Generally, when the column gets “noisy,” it is because a piece of
lint has collected in the charger unit and it is shorting two of the
rings. The purpose of wiping the cylinder sides is to remove any
material on the outer cylinder. The inner cylinder will generally
stay very clean due to the electric field.

Figure 6-13

Cleaning the Charger Column

11. After cleaning, reassemble the charger column and after warm-up,
zero the electrometers (see “Baseline Noise” in the following section,
“Troubleshooting”). If the problem is still present, try zeroing the

electrometers again from the front panel. If this still does not help, the
detailed cleaning procedure described below must be performed.
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Detailed Charger Column Cleaning Procedure

Note: This procedure is easier to perform on a surface that is
approximately waist high. Most of the steps in this procedure can be
done by one person, but several steps may require assistance.

WARNING
High voltage is accessible in several locations within this instrument.
Make sure you unplug the power source to the instrument before
performing maintenance procedures. Use appropriate ESD precautions.

To perform the detailed charger column cleaning procedure, proceed as
follows:

1. Power off the equipment and wait 5 minutes for the internal capacitors
to discharge.

2. Remove the top cover and both side panels of the FMPS spectrometer.
(Refer to Figure 6-1 and the previous cleaning procedures if necessary.)

3. Open the front panel (there are 3 screws on the inside left). Prop the
door open using a binder clip or clamp.

4. Remove the sample inlet tube from the top of the charger column
(Figure 6-2 above).

5. Remove the charger sheath flow tube from the charger column (Figure
6-14). You must push the retaining ring evenly into the connector
before pulling the hose free. If you try to simply pull on the hose, it
will become harder to remove.

Figure 6-14
Remove the Charger Sheath Flow Tube from the Charger Column

6. Remove green ground cable from “damper” sitting on the frame.

7. Unscrew and remove the charger head assembly as you did for the
Basic Cleaning Procedure, above.

8. Remove the two column retaining screws (Figure 6-15).
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Figure 6-15
Remove the Column Retaining Screws

9. Disconnect the electrometer ribbon connector (Figure 6-16). Use
caution. Pull the connector straight out so as not to damage the pin
connectors (note the use of an ESD wrist strap).

Figure 6-16
Disconnect the Electrometer Ribbon Connector

10. Disconnect the sheath air hose (Figure 6-17) from the fitting. You must
push the retaining ring evenly into the connector before pulling the
hose free. If you try to simply pull on the hose, it will become
harder to remove.
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Figure 6-17
Disconnect the Sheath Air Hose

11. Disconnect the pressure transducer tube (Figure 6-18).

Figure 6-18
Disconnect the Pressure Transducer Tube at the Column

12. The four screws that hold the base of the outer column in place are
covered by the heater wrapped around the outer column. Locate the
screws, slightly remove the heater insulation from them, and remove the
four screws shown in Figure 6-19 that hold the base of the outer column
in place.
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13. Unplug the heater cable connector (red cable) from the contact on the
main board (pay particular attention that the O-rings are in place).

Figure 6-19
Column Assembly Base Screws

14. Use assistance for this step. CAREFULLY lift the outer column
straight up and out of the instrument chassis. Take care not to scrape
the inner and outer columns together.

Caution
Be careful to avoid scratching the rod and the inside of the tube as you
remove it. A small scratch, nick, or burr can disrupt the electric field

A inside the mobility analyzer, severely affecting its performance.

Caution

As you move the assembly, check that all cables, hoses, and screws
have been disconnected. Review above if something is still attached.
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15. Move the column assembly to a clean work surface as in
Figure 6-20.

Figure 6-20
Move the Outer Column Assembly to a Clean Work Surface
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16. Although the inner column should not be dirty since the electric field
repels all particles, the inner center column can now be cleaned using a
soft, dry, lint-free cloth (Figure 6-21). Wipe the column using a clockwise
motion, not up and down. If the accumulated particles cannot be
removed with the cloth, try using a cloth dampened with acetone.

Note: Do not immerse the column in any solvent.

Figure 6-21
Clean the Center Column
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17. Clean the inside rings of the electrometer assembly using a soft, dry,
lint-free cloth (Figure 6-22). Wipe the rings using a clockwise motion,
not up and down. If the accumulated particles cannot be removed with
the cloth, try using a wet cloth (distilled water first; if that does not
remove the particulates, try acetone). Depending on the size of your
hand, it may be necessary to clean half the assembly from the top and
then turn it over and clean the other half from the bottom.

Note: Do not immerse the column in any solvent.

Figure 6-22
Clean the Rings of the Electrometer Assembly

18. Allow the column and assembly to air dry if necessary.

19. Reassemble the column in the reverse order of disassembly.

Caution
Be careful to avoid scratching the rod and the inside of the tube as you
reassemble it. A small scratch, nick, or burr can disrupt the electric field
inside the mobility analyzer, severely affecting its performance.

20. After cleaning, reassemble the charger column (pay particular attention
that the O-rings are in place) and after warm-up, zero the electrometers
(see “Baseline Noise” in the following section, “Troubleshooting”). If the
problem is still present, try zeroing the electrometers again from the
front panel. If this still does not help, you may have to clean the column
again or contact a TSI representative for assistance.
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Replacing the Filter Cartridges

WARNING
High voltage is accessible in several locations within this instrument.
Make sure you unplug the power source before removing the cover or
performing maintenance procedures.

There are four filters in the Model 3091 that may require changing at some
time during the operational life of your Model 3091. To replace the filters,
proceed as follows:

1. Obtain TSI Manifold filters: PN 1602051; TSI Pump filters: P/N 1602230.
2. Switch the instrument off and unplug the power cord.
3. Loosen the screws of the top panel and lift it off (Figure 6-1).

4. Face the left side of the instrument. Loosen the two screws on the side
of the left panel and then loosen the two screws on the back of the left
panel.

5. Remove the left panel.

Manifold Filters

To change the large Manifold filters proceed as follows:

1. Locate the manifold filters, refer to Figure 6-23.

2. Remove the thumbscrew from the top of the filter block.
3. Lift the filter block up.
4

If necessary, separate the tubing at the block fitting by pushing the
fitting retaining collar IN while pulling the tube out of the fitting. The
collar is located where the tube is inserted.

5. Install the new manifold filters making certain they are oriented with the
flow arrows pointing DOWN.

6. Push the filter block back down over the filters and tighten the thumbnut.

7. If tubing has been removed, push the tubing back into the fittings,
inserting fully so that the tubing is coming straight out of the fitting. If it
comes out at a sharp angle, the fitting will not seal properly against the
tubing.

8. Replace the instrument covers.
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Pump Filters
To replace the pump filters, proceed as follows:

1.
2.

Locate the blue pump filters; refer to Figure 6-23.

Select one filter for removal and mark both ends of the tubing so you
can install the new filter with flow in the proper direction. Note the
orientation of the filters and direction of flow indicated on the filters.

Remove one filter at a time. Be careful when pulling the tubing from the
filter end ports. Tubing may be very sticky and require twisting and
flexing to facilitate removal.

Install the new filter in the correct orientation and insert the correct
tubing.

Repeat steps 3 and 4, installing the other filters, one by one.

Figure 6-23
Replacing Filters

6.

When all filters have been replaced, replace the instrument covers.
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Replace the Extraction Pump

Remove the left side panel of the instrument (see above) and locate the
extraction pump as shown in Figure 6-24.

Figure 6-24
Extraction Pump Location (inside back panel)

Replace the pump as follows:

1. Remove the pump from the retaining clip being careful not to pull on the
wires or tubing.

2. Note the labels on the pump ports (P-Pressure and V-Vacuum). Mark
both ends of the extraction pump tubing accordingly.

Remove the extraction pump tubing.
4. Remove the electrical connector.

5. Install the extraction tubing on the replacement pump. If the tubing does
not fit tightly, trim ¥-inch (6mm) of tubing from the end and try again.

6. Slide the new pump into the holder.
Reconnect the electrical connector.

8. Reinstall the left side panel.
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Troubleshooting
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Baseline Noise

As the instrument becomes dirty, the noise level on all channels may
gradually drift up. This can be seen when there is a considerable signal
even when sampling filtered air. This can be corrected using the “Zero
Electrometers” function from the FMPS software application or from the
front panel of the instrument.

Using the software, open the instrument status dialog from the View menu
on the desktop or use the shortcut <Ctrl+I>. (You do not need to open a
data file to open the instrument status dialog.)

FMPS 3091, Serial #70431129, Firmware Ver: MCU:1.97 bsP:2... [C |[51[X]

Eutraction Flow
Charger Flow

Internal Pressure

Mea. Charger

Current

FPos. Charger

Current

E sternal Inputs
Analog 1
Analog 2

Contrale [On /0]

(Iprn) 1.93
[lpr) 0.60

[mB ar] 9ER.9

[re] 34.87

(ré] 3111

] 0.000
[¥] 0.002

| Meq. Charger

‘ Flaw Control

Column Yalkage 3
Sheath Temp

Wolkage

oltage

Trigger Channel 1
Trigger Channel 2

Electrometers

Electrometer Offsets and AMS...

Sheath Flow [lprm) 39.39 Colurmn Yaltage 1 (] 84.85
Sample Flow (Ipm] 8.00 ColumnVoltage 2 W] | 489.22

) | 120047

[*C] 28.0

[W] 2841.0

o) [ 24353

OFF
OFF

| FPos. Charger

' Column Heater :

| Analyzer Voltages

Zera the Electrometers...

more

Figure 6-25

Instrument Status Dialog Box
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In this dialog, press the Zero the Electrometers button to start the zeroing.
Or:

From the Front Panel of the instrument select Menu|User Settings|Zero
Electrometers.

Preferably, this should be done with a filter on the inlet. However, during the
zero measurement, the positive charger is turned off and the negative
charger is turned on at full power which generally serves the same function
if it is inconvenient to attach a filter inline.

Normally, the zero function should remove the baseline noise that has
accumulated over time.

Note: The following section is for advanced troubleshooting and should be
used only by experienced users or with the help of a TSI
representative.

Especially after cleaning, it is important to zero the electrometers. It is also
important to make sure that the electrometers are stable. You can check
that the electrometer zero readings are stable after two repeated zero
measurements. This is possible from the Instrument Status dialog in the
software, shown above (Figure 6-25).

1. Pressthe Electrometer Offsets and RMS button. A window displays
the offsets and RMS values for each of the 22 electrometer channels
(Figure 6-26). To copy the values in this table to a clipboard, use Copy
Table in the right-click popup menu for this table.

2. In general, these values should be below 100. However, it is also
important that the values are stable.

Close the window and repeat the zero procedure
4. Press the Electrometer Offsets and RMS button again.

Compare the offset values from this reading to the last values from the
previous zero. They should be similar. If they are not, allow the
instrument to warm up for another 30 minutes and perform another
zero. Repeat this until the readings are stable. If the reading does not
become stable after repeated zero procedures, the column may need to
be cleaned again.
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Electrometer Offsets and RMS X|

Average

Figure 6-26
Electrometer Offset Values

Noisy Channels

The most common problem with the FMPS is that one or more electrometer
channels become dirty or contaminated with material. This causes the
channels to indicate a signal even when filtered air is sampled by the
instrument. In this case, the recommended procedure is to clean the
instrument (see sections above). However, it is also useful to know exactly
how noisy each channel is and which channels are causing a problem. This
can be done using the advanced features of the FMPS software.

Note: The top two electrometer rings are not actively measured. When
referring to electrometer channel numbers, channel 1 is the third
electrometer ring from the top.
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If the size distribution looks strange with filtered air, a good way to check if it
is caused by a noisy channel is to collect the raw electrometer data. This
can be done by selecting View|Instrument Status from the menu. This is a
good screen to check on whether any instrument parameters are out of
range (indicated by a yellow background for a reading).

Note: The following section is for advanced troubleshooting and should be
used only by experienced users or with the help of a TSI
representative.

Secure a filter to the inlet of the FMPS spectrometer (large white filter with
fitting included in accessory kit). Using the FMPS software, open a new file.
Start a run and from the Properties dialog select Electrometer Current
using the drop-down control under the Data Collection and Display section
(this is normally set to Concentration) as shown in Figure 6-27.

Properties - New Run

Run Settings lCommunicaﬁons ]

Title

|Indoor Bus Garage noon

Scheduling
Run Length phmmp: (0 - |1 il {max 12 hours) " Run Only Once
" Run Continuous
[~ Start at Time: ’_ : ’_ :I r
[~ Enable Extemal Trigger : :‘
Data Collection and Display Auto-BExport
Data Type: |Concentm1ion ﬂ

™ Zero-Checkc (Blectronic: Air Fiter Mode) R

v Hide Invalid Data Values {due to instrument emors)

[ Off Dilution Factor : Apply Changes

Comment

Save these Settings ... Load Settings from a File ... |

OK | Cancel

Figure 6-27
Advanced Run Settings

Collecting data in this mode will collect only the raw electrometer data. The
graphs will update to display electrometer current instead of concentration.
Figure 6-29 shows what a noisy channel might look like in this mode.
Although you could try to zero out this noise, it may give errors since this
channel is much higher than the others (indicating contamination). A bigger
problem may be that this value will not be stable over time so even if it is
reset to zero, it may drift over time.
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Note: When the Data Type is changed from Concentration to Electrometer
Current (and back), a command is sent to the instrument by the
software to change this mode. The command takes approximately 5
seconds to complete. You may see the message shown in Figure 6-
28.

Changing Data Expart modes an the instrument. ...

Figure 6-28
Changing Data Export Modes Dialog Box

The next step is to clean the column as indicated in the sections above.

0 5 10 15 0 % 30
Dp (nrm)
Current Time; 6:06;50 PM ﬂ @ Start Time:6:05:59 PM |Run Length=00:00:53
Figure 6-29

Software Showing Raw Electrometer Noisy Channel

Electrometer Current

0 5 10 15 0 25 0
Dp {nrn)
Current Time: 6:06:03,3 PM o @ Start Time:6:05:59 PM |Run Length=00:00:53
Figure 6-30

Raw Electrometer Data After Cleaning
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Following cleaning, the raw electrometer channels should look more like
Figure 6-30 (note different y-axis scale) with data fluctuating somewhere
around 10 fA or less at 1 second resolution.

Another important consideration is that the instrument is properly warmed
up for at least 10 minutes after being powered off and back on.

Errors

Instrument errors may be reported during a run by displaying a popup
window describing each error encountered. This window appears above the
status bar and will stay on your screen until you close it. A similar popup
window also appears when an existing run file is opened in which there
were instrument errors. An instrument error popup window looks something
like the one shown in

Figure 6-31.

&k Instrument Errors Detected El

Sample Flow Low

Figure 6-31
Instrument Errors Detected Dialog Box

Tables 6-2 and 6-3 describe non-fatal and fatal errors that may occur and
suggested actions.

Error flags in Table 6-2 indicate non-fatal errors occurred but the
associated data points may be still usable. The data points are shown in a
graph as reported.

Error flags in Table 6-3 indicate fatal errors occurred and the associated
data points cannot be used. The data points show zero (0) in a graph, but
the actual data values are saved in the file. Exported data points for a given
time period are set to exactly zero to indicate the invalidity of the data
points.
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Table 6-2

Error
Code

Non-Fatal Error Flags

‘ Suggested Action

0

Error Message
Sheath Flow Rate Too Low

Check state of Flows in the instrument’s User Settings Window
or view the Instrument Status window in the FMPS software.

The sheath flow filters may be loaded. Try replacing the filters.

Sheath Flow Rate Too High

Check that flowmeter connector did not come loose during
shipping, or has a loose connection.

Disconnect the instrument from any external air flow. The
sheath pump may be off, but the flow is being forced through
the flowmeter by an external source.

Sample Flow Rate Too Low

Check state of Flows in the instrument’s User Settings Window
or view the Instrument Status window in the FMPS software.

Disconnect the instrument from any external flow—the external
source may be at a high vacuum and the pump cannot
maintain the correct flow. If the flow is still low, the filters before
or after the sample pump may be clogged. Try replacing the
filters.

Sample Flow Rate Too High

Disconnect the instrument from any external air flow. The
sample pump may be off, but the flow is being forced through
the flowmeter by an external source.

Charger Flow Rate Too Low

Charger Flow Rate Too High

Check state of Flows in the instrument’s User Settings Window
or view the Instrument Status window in the FMPS software.
Check that flowmeter connector did not come loose during
shipping.

The charger flow is not actively controlled. The flow may have
drifted for a number of reasons. Adjust the flow to the correct
value using the charger flow valve (shown in Figure 6-8).

Extraction Flow Rate Too Low

Check state of Flows in the instrument’s User Settings Window
or view the Instrument Status window in the FMPS software.

The filter in front of the extraction pump may be clogged. Try
replacing it—see above. The extraction pump uses a brush
motor with a limited life. If the filter is new and the pump cannot
maintain the correct flow, the pump should be replaced—see
above.

Extraction Flow Rate Too High

Check that flowmeter connector did not come loose during
shipping.

Disconnect the instrument from any external air flow. The
extraction pump may be off, but the flow is being forced
through the flowmeter by an external source.

Sheath Flow Temperature Too Low

Sheath Flow Temperature Too High

10

Sample Flow Temperature Too Low

11

Sample Flow Temperature Too High

12

Charger Flow Temperature Too Low

13

Charger Flow Temperature Too High

14

Extraction Flow Temperature Too
Low

15

Extraction Flow Temperature Too
High

Check that flowmeter connector did not come loose during
shipping.

The flowmeter is reading outside its valid range of -10°C to
70°C. If the instrument is in a hot location, move it to a cooler
location. If not, the flowmeter may be defective.

The flowmeter is reading outside its valid range of -10°C to
70°C. If the instrument is in a cold location, move it to a
warmer location. If not, the flowmeter, its cable or connector
may be defective.
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Error
Code | Error Message Suggested Action

24 | Positive Charger Current Too Low e Check the state of the Chargers in the instrument’s User
25 | Positive Charger Current Too High Settings Window or view the Instrument Status window in the
FMPS software.

26 | Positive Charger Voltage Too Low

e  Check state of Flows in the instrument’s User Settings Window

27_| Positive Charger Voltage Too High or view the Instrument Status window in the FMPS software.

28 | Negative Charger Current Too Low Chargers are turned off automatically when flows are turned

29 | Negative Charger Current Too High off.

30 | Negative Charger Voltage Too Low |«  The charger current is not stable or has hit a voltage limit to

31 | Negative Charger Voltage Too High meet the required current. Clean the charger assembly and
clean or replace the charger corona wire.

34 | Particle Concentration Too High e  The concentration on one or more channels has exceeded its

upper limit. Lower the concentration of aerosol going into the
instrument. This is indicated in the software by a red box on
top of the column that is over-ranged in the 2D histogram.

34 | Particle Concentration Too High e The RMS noise for a single channel is much larger than the
average of all the other channels. This could indicate that the
column is dirty. Clean the column or contact TSI.

50 | Electrometer Channel High Offset

During instrument zeroing, the offset current for one or more
channels was higher than normal. This could indicate that the
column is dirty. View the last offset and RMS values to
determine the channel causing the error. If the channel is not
changing over time, the instrument may be okay to continue to
use. Otherwise, clean the column or contact TSI.

54 | Electrometer Channel Noisy e  During instrument zeroing, the RMS noise for one or more
channels was higher than normal. This could indicate that the
column is dirty. View the last offset and RMS values to
determine the channel causing the error. If the channel is not
changing over time, the instrument may be okay to continue to
use. Otherwise, clean the column or contact TSI.
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Table 6-3
Fatal Error Flags

Error

Code Error Message ‘ Suggested Action

16 Column Voltage Section 1 Too Low
17 Column Voltage Section 1 Too High
18 Column Voltage Section 2 Too Low
19 Column Voltage Section 2 Too High
20 Column Voltage Section 3 Too Low
21 Column Voltage Section 3 Too High
32 Absolute Pressure Too Low
33 Absolute Pressure Too High
- Contact TSI
37 Instrument Matrix Readback Error
38 ELM Covariance Readback Error
39 ELM Offset Readback Error
40 ELM Gain Readback Error
41 Missed DSP Interrupt
42 DSP Command Code Timeout Error
43 DSP Reset Timeout Error
44 COM1 Xmit Buffer Overflow Error
45 Flowmeter EEPROM Error e  Check all connectors on main pc-board.
46 Serial Communication Error (Set by e Ifusing a long cable, test with a standard length RS-
Software) 232 cable. If used in an electrically noisy environment,
remove instrument to a less noisy environment and try
again.
48 DSP Timing Error
Contact TSI
49 DSP Command Code Error
51 Electrometer Gain Error Contact TSI
52 Electrometer Chan Above Noise Limit e During instrument zeroing, the offset current and/or
RMS noise for one or more channels was very high.
Retake the zero with the instrument disconnected from
any other equipment, in a vibration-free area, or with the
filter provided in the accessory kit (1031252) on the
inlet. Clean the column or contact TSI.
53 DSP Instrument Matrix Error Contact TSI
55 DSP Data Not Valid
56 DSP Checksum Error 1 Contact TSI
57 DSP Checksum Error 2
58 Electrometer PCB 1 Error e There is a 60-conductor ribbon cable between the
59 Electrometer PCB 2 Error column and the large pc-board on the door of the
60 Electrometer PCB 3 Error cabinet. Make sure all six of the small connectors on the
column and the large connector on the pc-board are
61 Electrometer PCB 4 Error plugged in and seated firmly. Power off the instrument
62 Electrometer PCB 5 Error and power it back on. If the error remains, contact TSI.
63 Electrometer PCB 6 Error
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Technical Contacts

« If you have difficulty setting up or operating the Model 3091 FMPS
spectrometer, or if you have technical or application questions, contact
an applications engineer at 1-800-874-2811 (USA) or 001 (651) 490-
2811.

Q If the FMPS spectrometer does not operate properly, or if you are
returning the FMPS spectrometer for service, visit our website at
http://rma.tsi.com or contact TSI at:

TSI Incorporated
500 Cardigan Road
Shoreview, MN 55126 USA

Phone: +1-800-874-2811 (USA) or +1 (651) 490-2811
E-mail: particle@tsi.com

TSI GmbH

Neukéllner Strasse 4

52068 Aachen

GERMANY

Telephone: +49 241-52303-0
Fax: +49 241-52303-49
E-mail: tsigmbh@tsi.com
Web: www.tsiinc.de

TSI Instruments Ltd.
Stirling Road

Cressex Business Park
High Wycombe, Bucks
HP12 3ST

UNITED KINGDOM

Telephone:  +44 (0) 149 4 459200

Fax: +44 (0) 149 4 459700
E-mail: tsiuk@tsi.com
Web: www.tsiinc.co.uk
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Returning the Fast Mobility Particle Sizer
Spectrometer for Service

Before returning the FMPS spectrometer to TSI for service, visit our website
at http://rma.tsi.com or call TSI at 1-800-874-2811 (USA) or 001 (651) 490-
2811 for specific return instructions. Customer Service will need the
following information when you call

e The instrument model number

e The instrument serial number

o A purchase order number (unless under warranty)

« Abilling address

« A shipping address

Use the original packing material to return the instrument to TSI. If you no
longer have the original packing material, seal off any ports to prevent

debris from entering the instrument and ensure that the display and the
connectors on the instrument front and back panels are protected when

shipping.
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Figure 6-32
Installing the Shipping Strap

Follow the instructions below and use the shipping strap from the accessory
kit to secure the column for shipping.
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Refer to Figure 6-32 and follow the steps below to install the shipping strap.

1.

4,

Unplug the instrument from power. Loosen the three screws on each
side and the two on the back of the top panel (they do not need to be
removed). Loop the strap under the cabinet and over the top of the
column as shown (the end of the strap without a buckle should be on
top). Tape a piece of protective cardboard on the side panel to protect
the finish.

Hook the end of the strap with a buckle to the bottom of the ratchet and
thread the other end of the strap through the split cylinder as shown.

While holding the ratchet mechanism in place, swing the lever up and
down to put tension on the strap. Use the ratchet to push the column
down into its shock mounts until the column barely moves when pushed
from side to side.

Replace the cover and tighten the screws loosened in step 1.

If you have any concerns regarding shipping the instrument, contact TSI
service for assistance.
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APPENDIX A
Specifications

Model 3091 Fast Mobility Particle Sizer (FMPS) spectrometer operating
specifications* are as follows:

Particle Size Range

5.6 to 560 nanometers

Particle Size Resolution

16 channels per decade (32 total)

Electrometer Channels 22
Charger Mode of Operation Unipolar diffusion charger
Inlet Cyclone 50% Cutpoint 1pum

Maximum Data Rate

1 size distribution per second

Flow Rates
Aerosol Inlet 10 L/min
Sheath Air 40 L/min
Inlet Aerosol Temperature 10 to 52°C
Storage Temperature -20 to 50°C

Atmospheric Pressure Correction Range

700 to 1034 mbar

User Interface

Rotary knob and display/FMPS software

Front Panel Display

6.4-in. color VGA LCD

Data Averaging

1 to 60 sec

Computer Requirements

Pentium® 4 processor or better

Computer Operating System

Windows XP or newer

Communications

9-pin RS-232

Analog Inputs

Two analog channel ports, 0 to 10V, 12 bit

Trigger Input

Potential-free contact closure or 3.3 V pulled to GND

Trigger Output

Potential-free contact closure

Dimensions (LWH)

70.4 cm x 34.3cm x 43.9 cm
(27.7 in. x 13.5.0in. x 17.3in.)

Weight 32 kg (70 Ib)
Aerosol Inlet %-in. OD
Exhaust Outlet %-in. OD
Cyclone Inlet %-in. OD

Power Requirements

100 to 240 VAC, 50/60 Hz, 170 W maximum

Fuse (internal—not user replaceable)

~T 6.3A SB/250V

Environmental Conditions

Indoor use

Altitude: Up to 2000 m (6500 ft)

Ambient Temperature: 0° to 40°C

Ambient Humidity: 0 to 90% RH (hon-condensing)
Over-voltage Category Il

Pollution Degree Il

*Specifications are subject to change.
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APPENDIX B

Theory of Operation

The Model 3091 Fast Mobility Particle Sizer™ (FMPS™) spectrometer
builds on a tradition of TSI electrical-based measurements including the
Electrical Aerosol Analyzer (EAA 3030) and Electrostatic Classifier (3071,
3080/3081/3085). The FMPS spectrometer extends this line of instruments
based on a technique developed over the last two decades by the
University of Tartu — Estonia. This chapter gives a brief description of the
instrument and theory of operation.

Electrical Mobility History

The first electrical mobility Polydisperse ~ |
instrument was the Aerosol
Whitby Aerosol Analyzer,

developed in the late S
1960’s (1). This was —
followed a few years later
by a similar but smaller
version called the EAA
(Electrical Aerosol
Analyzer) (2). These
instruments both used a
unipolar charger

High Voltage |:™, :
assge_mbly to place a Power Supply |- *+ r
positive charge on the Sk, o®
particles. The level of Ground e L e
charge depends on _f : 45
particle size and is SN Monodisperse
correlated by the Exhaust — __ Aerosol Out
instrument calibration so - ESe i i
that the instruments can Figure B-1

report number

. Schematic of a Differential Mobility Analyzer
concentrations.

An improvement over the EAA was the development of the Differential
Mobility Analyzer (DMA) column (Error! Reference source not found.).
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Rather than using a unipolar charger, a very stable and predictable
Krypton-85 radioactive bipolar charger was used (3,4). When combined
with a Condensation Particle Counter (CPC), the DMA can be stepped
through various voltages, to detect different particle sizes (5-9). Using a
computer, the voltages can be automatically stepped to generate a particle
size distribution. This was the basis for the Differential Mobility Particle
Sizing (DMPS) systems. An improvement in resolution is obtained by
continuously scanning the rod voltage with an exponential voltage ramp
and counting to generate a size distribution (10,11). This is the basis for
the current Scanning Mobility Particle Sizing™ (SMPS™) system that is
commonly used to obtain high resolution size distributions of engine
exhaust particles. Unfortunately, the SMPS™ method has a drawback in
that it takes a significant amount of time (30 seconds minimum with 60 or
120 seconds being more commonly used) to obtain a single size
distribution. This makes it unsuitable for measuring fast-changing
transients on a second-by-second basis. This led to designs for an
improved sizing instrument that could give complete size distributions in
one second. The FMPS spectrometer is such an instrument.

Size Distributions

The basic idea upon which the Model 3091 is based was developed at
Tartu University in Estonia. The Tartu instrument, the Electrical Aerosol
Spectrometer (EAS), was originally described in Russian Journals in the
early 1980’s (12) but was more recently published in English language
journals (13, 14, 15). The EAS was developed for ambient monitoring and
has 2 columns to cover a large size range. The EAS did not originally have
a very fast time resolution because it wasn’t needed for ambient
measurement applications. However, it was modified for fast response (4
second time resolution) for fire detection research in the mid-1990s. (16,
17, 18). The FMPS spectrometer is based on this fast-response
instrument. Conceptually these instruments are similar to a DMA. But,
rather than particles being drawn to the center, as in a DMA, the particles
are repelled outward to electrodes.

The FMPS spectrometer performs particle size classification based on
differential electrical mobility classification (as with the SMPS™). The
charged aerosol enters the analyzer column near on-axis and above the
central rod. The particles are deflected radially outward and collected on
electrically isolated electrodes that are located at the outer wall (see Figure
B-2). The particle number concentration is determined by measurement of
the electrical current collected on a series of electrodes.
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Schematic of FMPS Measurement Column

Charger

The charging of the aerosol is accomplished through two unipolar diffusion
chargers. First, a negative charger puts a negative net charge on the
particles to reduce the number of highly positive charged particles and to
prevent overcharging in the second charger. Then, a positive charger puts
a predictable net positive charge on the particles.

Measurement Column

The electrical analyzer consists of an inner cylinder composed of multiple
electrical sections with different voltages and column diameters. By
stepping the voltage and changing the central column diameter, the
required height of the column is reduced and the particles are more evenly
distributed across 22 electrodes.

The electrode rings are made of a highly insulating plastic with metal rings
molded into the inner diameter of the ring. Features in these parts provide
a large electrical resistance between the electrometer rings while
minimizing the gap between the rings. O-ring seals between the electrode
rings ensure a leak-tight column. Custom electrometers are used to obtain
low noise, fast response and high resolution.
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Flow Path

After passing through a 1um cut cyclone, the aerosol enters the charger at
10 L/min and close to atmospheric pressure (see Figure B-3). It then
passes through the charging region where it receives a predictable charge.
In the charger, 0.6 L/min of clean air is added to the flow to keep the
charger electrode clean. After the charger, 2 L/min is removed from the
center of the charging region, where charging is less uniform, and the rest
of the aerosol passes near the center electrode. A recirculating flow of
particle-free, laminar sheath air at 39.4 L/min joins the particle flow at the
top of the center electrode for a total of 48 L/min through the column.
Particles are then separated by electrical mobility as flow moves from the
top to the bottom of the column. Particles with high electrical mobility (small
particles) are deflected to the electrode rings near the top of the column,
and those with low electrical mobility (large particles) are deflected further
downstream. Air flow that is not filtered and recirculated is passed out of
the exit of the instrument at 10 L/min.

Data Inversion

There are a number of parameters affecting the electrometer currents that
need to be compensated if high time resolution is to be obtained. Particles
that flow past the detection stages but don’t contact the electrode rings can
create image charges. In addition, there are time delays between when a
small particle from an aerosol packet is detected on an upper stage of the
column and when a large particle from the same aerosol packet is detected
on a lower stage in the column.

An inversion algorithm is used to deconvolute the data and make
corrections for the image charges and the time delays in the column. The
algorithm also converts currents from the 22 electrometers into 32 size
channels of output. This allows the maximum resolution of the instrument
to be represented by output channels that are equally spaced on a log
scale between 5.6 nm and 560 nm.

Concentration Limits

Unlike many instruments which have a single value as the lower detection
limit, the FMPS spectrometer has a range of values depending on particle
size and averaging time. This is due to the inherent noise in each
electrometer as well as the particle charging probability vs. particle size.
Figure B-4 gives a range of lower limits for several averaging intervals
based on particle size. The FMPS software calculates a different detection
limit based on each of the possible averaging intervals that can be selected
in the software.

The upper limit of concentration is based on the fixed upper limit of current
that can be detected by each electrometer channel. This limit is also
plotted in Figure B-4. However, this limit does not change with averaging
time. The FMPS software uses this limit to show maximum limit values (red
boxes) at the top of any bar in the 2D histogram which has reached or
exceeded this value. When a value is exceeded, the bar is clipped at the
maximum value, affecting the shape of the distribution.
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APPENDIX C
Particle Size Statistics

This appendix gives an explanation of the statistics calculations used by
the Fast Mobility Particle Sizer (FMPS) software. The statistics are
calculated for the interval defined by the upper and lower bounds selected
from the graphs, which are not necessarily the entire size range of the

instruments.
Statistic/Weight ‘ Number ‘ Surface Area | Volume
Concentration N C ¢ s = ﬂDgn ﬂDgn m =
Q 7 V=%

Total Concentration u u u u

N=Zn S=Zs V=Zv M:Zm

| | | |

Mode D p (1 e ) D p (S ) D p ¢ max ) D (M )
Median (X ) D,(N/2) D, /2) D,V /2 D,(M/2)
Mean (X)) u u u u

Z:nDp ZSDP 2va Z:mDp

| | | |
N S Vv M
Geometric Mean [ u substitute s, v, mand S, V, M in
(X)) zn InD, place of n and N for other
S exp | - weightings
N

Geometric Standard m oy Y substitute s, v, mand S, V, M in
Deviation (O'g ) Zn [In D, —Inx place of n and N for other

exp | ] weightings

C-1




C-2

The symbols used in the formulas are defined as:

¢ = particle counts per channel

n = number weighted concentration per channel

s = surface area weighted concentration per channel
v = volume weighted concentration per channel

m = mass weighted concentration per channel

n = sample efficiency factor per channel

¢ = sample dilution factor

D, = particle diameter (channel midpoint)

C = total particle counts

N = total number concentration

S = total surface area concentration
V = total volume concentration

M = total mass concentration

Q = sample flow rate

t = sample time

p = particle density

In = natural log

exp = base of natural log (e)
| = lower channel boundary
u = upper channel boundary
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APPENDIX D

Serial Commands

This section is for advanced users that need to communicate with the

Model 3091 for advanced calibration, troubleshooting or diagnostics. Due

to the high data rate required, the actual particle count data from the
instrument is sent as binary data, so it is not possible to use text-based
serial commands to retrieve size distribution data from the instrument.

Caution

damage to the instrument.

This section is written for technicians. Accessing or changing settings
using serial commands can invalidate the calibration or possibly cause

Pin Connectors

The Model 3091 has a single 9-pin, D-subminiature connector port on the

back panel. The communication port is configured at the factory to work

with RS-232 type devices.

Table D-1 lists the signal connections.

Table D-1

Signal Connections for RS-232 Configurations

Pin Number RS-232 Signal

1 J—

2 Transmit Output
3 Receive Input

4 (Reserved)

5 GND

6 J—

7 J—

8 J—

9 J—
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Serial Protocol

Baud Rate: 38,400
Data Bits: 8
Parity: None
Stop Bits: 1
Handshaking: None

Serial Commands

To communicate with the Model 3091 requires a terminal program. The
HyperTerminal program that is included as part of the Windows® operating
system is satisfactory. Connect to the Model 3091 as follows:

1. Open the HyperTerminal program by selecting:
Start|Programs|Accessories|Communications|
HyperTerminal.

2. Enter a name for the connection, for example, TSI-3091.

¢ New Connection - HyperTerminal
File Edit Wiew Call Transfer Help

O & s

Connection Description
-~
:Q"‘ Mew Connection
Enter a name and choose an icon for the connection:
Mame:
7513091 |
lcar:
L 0K, J [ Cancel l
v
< il | >
Disconnected fuko detect | Auko detect SCROLL CAPS I pum | Caphure | Print 5

3. Enter the communications (COM) port
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T151-3091 Properties

Cornect To | Settings |

Change |con...

LCountryregion:

Enter the area code without the long-distance prefis.

Area code: l:l

Phone number: | |

Connect using: v

Use countmregion code and area code

Redial on busy

[ QK ][ Cancel ]

4. Enter the port settings described below.

COM1 Properties

Part Settings |

Bits per secand: |

Databits: |8 v|
Parlty: |Hone v

Stop bits: [1 v|
Elow control: | None v

BRestore Defaults

[ QK H Cancel ] Apply

5. Under the settings tab, pick the ASCII Setup button and check the
boxes shown below.

Serial Commands



0=
4501l Sending e
i Send line ends with ling feeds
Echa typed characters lacally
Line delay: [::::] milliseconds.
EEm Character delay: EI millizeconds.
Tel ASCH Receiving
Ba Append line feeds to incoming line ends
[] Force incoming data to 7-bit ASCI
O Wiap lines that exceed terminal width
I Ok l l Cancel l
— —
£ »
Disconnected [ 0k ] [ Cancel ]

6. Now select File|Save As and save the file to the desktop for easy
access.

7. Close the program and start it again from the desktop. It should
automatically open a connection to the instrument.

8. Type HELP for a list of commands. Select Transfer|Capture Text...
and then HELP ALL in the terminal window lets you capture all the
help commands to a text file for easy reference.

‘& 151-3091 - HyperTerminal
File Edit Wiew Call Transfer Help

D& ~ 8 OB

| >

help
For a list of all READ commands type : Help Read
For a list of all SET commands type : Help Set
For a help on all commands type . Help ALL

For a help on an individual commands type : Help x
{where % is the name of the command)

help read

RDR,1 : Read Data Record (unpolled binary)

RDR.2 : Read Data Record [unpolled binary + trigger)
RDR,3 : Read Data Record {unpolled binary)

RDR.4 : Read Data Record (unpolled text)

RSR : Read Status Record

RPID : Read PID Control Parameter

RFY : Read Firmware VYersion

RF : Read Flow

RAY : Read Analyzer Yoltage

Press M + Enter to see more ...

<

Connecked 0:00:12 Auto detect 35400 8-H-1 HUM
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Command Summary

The firmware commands are be divided into the following categories:
« READ Commands

o SET Commands

« HELP Commands

READ commands are used to read parameters from the instrument (flow
rates, voltages, etc.). READ commands can be identified by a leading
"R

SET commands set an internal parameter to the value(s) supplied with
the command. Supplied parameters are always delimited by a comma.
SET commands can be identified by a leading "S". The instrument will
reply to all set commands with the string “OK” <CR> if the command
syntax is valid. Also, if no parameter is supplied, the command will return
the current set value.

HELP commands. Type “HELP” in a HyperTerminal window or a similar
program and it will explain how to use it. The detailed command
descriptions shown below can be obtained using the help command.

The instrument will reply with a serial string of "ERROR", if a command
was not understood.

READ Commands

RDR,1 Read Data Record (unpolled binary)

RDR,2 Read Data Record (unpolled binary + trigger)
RDR,3 Read Data Record (unpolled binary)

RDR,4 Read Data Record (unpolled text)

RSR Read Status Record

RPID Read PID Control Parameter
RFV Read Firmware Version

RF Read Flow

RAV Read Analyzer Voltage

RC Read Charger

RADC Read Analog Digital Converter
RT Read Temperature

RIE Read Instrument Error

RIS Read Instrument Status

RP Read Pressure

RSN Read Serial Number

RCH Read Column Heater

RAI Read Analog Input

RPCB Read PCB Revision
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RMN Read Model Name

REE Read EEPROM Default Settings
REM Read Export Mode

RDS Read Data Simulation

RIM Read Instrument Matrix
RAO,x Read Analog Out, 8 cmd types
RDM Read Debug Mode

SET Commands

SPID Set PID Control Parameter
SF Set Flow

SAV Set Analyzer Voltage

SC Set Charger

SDAC Set Digital Analog Converter
SIE Set Instrument Error

SSN Set Serial Number

SCH Set Column Heater

SPCB Set PCB Revision

SEE Set EEPROM Default Settings
SEM Set Export Mode

SDS Set Data Simulation

SELM Set Electrometer

SAO,x Set Analog Out, 8 cmd types
SDM Set Debug Mode

SIM,x,y Set Instrument Matrix

HELP Commands

Help

Help Read
Help Set
Help ALL
Help x

List help commands

List read commands

List set commands

List read and set commands
Describe command x
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Detailed Command Description

READ Commands

RDR Read Data Record
RDR,0  Unpolled mode OFF (stop streaming binary data)
RDR,1  Unpolled mode ON (start streaming binary data)
RDR,2  Unpolled mode ON (start streaming binary data
when instrument receives signal on trigger input)
RDR,3  Unpolled mode ON (start streaming binary data)
RDR,4  Unpolled mode ON (start streaming text data)
See TSI for more detailed information on data structure.
RSR Read Status Record
RSR Read Status Record
RSR,# Read Status Record (without comments)
Error Code x2,x3; U_SHORT; [-]
Status Code x1; U_SHORT; [-]
Sheath Flow x4; FLOAT,; [L/min]
Sample Flow x5; FLOAT,; [L/min]
Charger Flow x6; FLOAT,; [L/min]
Extraction Flow X7; FLOAT,; [L/min]
Absolute Pressure x8; FLOAT; [mBAr]
Analyzer Voltage Top x9; FLOAT,; [V]
Analyzer Voltage Middle x10; FLOAT,; [V]
Analyzer Voltage Bottom x11; FLOAT,; [V]
Sheath Flow Temp. x12; FLOAT; [C]
Neg. Charger Current x13; FLOAT,; [nA]
Pos. Charger Current x14; FLOAT,; [nA]
Neg. Charger Voltage x15; FLOAT,; [V]
Pos. Charger Voltage x16; FLOAT,; [V]
Analog Input 1 x17; U_SHORT; [V]
Analog Input 2 x18; U_SHORT; [V]
RPID Read PID Parameter
RPID Read PID (numbers + text)
RFV Read Firmware Version
RFV Firmware Version (text)
RF Read Flow
RF Read Flow (numbers + text)
RF,# Read Flow (numbers only)
RF,S Read Flow Setpoint (numbers + text)
RF,S# Read Flow Setpoint (numbers only)

Serial Commands
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RAV Read Analyzer Voltage

RAV Analyzer Voltage (humbers + text)
RAV # Analyzer Voltage (numbers only)

RC Read Charger
RC Read Charger Current and Voltage (humbers +
text)

Return: 'CHx' [0<=CHx<=1023]

RC# Read Charger Current and Voltage (humbers only)

RC,S Read Charger Current and Voltage Setpoint
(numbers + text)

RC,S,1,# Read Negative Charger Current Setpoint
(numbers only)

RC,S,2,# Read Positive Charger Current Setpoint (humbers

only)

RADC Read Analog Digital Converter

RADC Read all ADC Channels (numbers + text)
RADC,# Read all ADC Channels (numbers only)
RADC,x  Read ADC Channel x [0<=x<=23] (numbers only)

RT Read Temperature
RT Read Temperature (numbers + text)
RT.# Read Temperature (numbers only)
RIE Read Instrument Error

RIE Read Errors (numbers + text)

RIE # Read Errors (numbers)

Bit Position Error Condition
0 Sheath Flow Rate low
1 Sheath Flow Rate high
2 Sample Flow Rate low
3 Sample Flow Rate high
4 Charger Flow Rate low
5 Charger Flow Rate high
6 Extraction Flow Rate low
7 Extraction Flow Rate high
8 Sheath Flow Temperature low
9 Sheath Flow Temperature high
10 Sample Flow Temperature low
11 Sample Flow Temperature high
12 Charger Flow Temperature low
13 Charger Flow Temperature high
14 Extraction Flow Temperature low
15 Extraction Flow Temperature high
16 Analyzer Voltage Upper Section low
17 Analyzer Voltage Upper Section high
18 Analyzer Voltage Middle Section low
19 Analyzer Voltage Middle Section high
20 Analyzer Voltage Lower Section low
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21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

47

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

Serial Commands

Analyzer Voltage Lower Section high
Not used

Not used

Positive Charger Current low
Positive Charger Current high
Positive Charger Voltage low
Positive Charger Voltage high
Negative Charger Current low
Negative Charger Current high
Negative Charger Voltage high
Negative Charger Voltage high

Absolute Pressure low

Absolute Pressure high

Particle Concentration high

Not used

Not used

Instrument Matrix Readback Error
ELM Covariance Readback Error
ELM Offset Readback Error

ELM Gain Readback Error

Missed DSP Interrupt

DSP Command Code Timeout Error
DSP Reset Timeout Error

COM1 Xmit Buffer Overflow Error
Flowmeter EEPROM Error

Serial Communication error (set by
Software)

Not used

DSP Timing Error

DSP Command Code Error
Electrometer Channel High Offset
Electrometer Gain Error
Electrometer Chan Above Noise Limit
DSP Instrument Matrix Error
Electrometer Channel Noisy

DSP Data Not Valid

DSP checksum error 1

DSP checksum error 2
Electrometer PCB 1

Electrometer PCB 2

Electrometer PCB 3

Electrometer PCB 4

Electrometer PCB 5

Electrometer PCB 6
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RIS Read Instrument Status

RIS Read Status (numbers + text)
RIS # Read Status (numbers)
Bit No. Device
0 Positive_Charger
1 Negative_Charger
2 Analyzer high voltage
3 Analyzer high voltage offset
4 Sheath Flow
5 Sample Flow
6 Extraction Flow
7 Cabinet fan
8 Trigger Channel 1
9 Trigger Channel 2
10 Instrument in Warm-up Mode
11 Zero Electrometer Mode
12 not used
13 not used
14 not used
15 not used
16 not used
17 not used
18 not used
19 not used
20 not used
21 not used
22 not used
23 not used
24 not used
25 not used
26 not used
27 not used
28 not used
29 not used
30 not used
31 not used
RP Read Pressure
RP Read Pressure (numbers + text)
RP.# Read Pressure (numbers only)
RSN Read Serial Number
RSN Read Serial Number (number only)
RCH Read Column Heater
RCH Read Column Heater (numbers + text)
RCH,# Read Column Heater (humbers only)
RAI Read Analog Input
RAI Read all ADC Channels (numbers + text)
RAI# Read all ADC Channels (numbers only)
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RPCB Read PCB Revision

RPCB Main PCB Rev X [-<=x<=Z]
High Voltage PCB Rev X [<<=x<=E]
Electrometer PCB Rev X [H<=x<=f]

RPCB,# Read PCB Revision (numbers only)

RMN Read Model Number
RMN Read Model Number
REE Read EEPROM

Read default values.

REM Read Export Mode

REM Read Export Mode (numbers + text)
REM,# Read Export Mode (numbers only)

Type HELP SEM to see a listing of the different export modes.

RDS Read Data Simulation

RDS Read Data Simulation (numbers + text)

RDS . # Read Data Simulation (numbers only)
Return: X' [x=0: Simulation OFF, x=1: Simulation
ON]

RELM,OFFSET Read Electrometer Offset
[fA] (text + data)

RELM,GAIN Read Electrometer Gain
(text + data)
RELM,COV Read Electrometer Covariance
[fAN2] (text + data)
RELM,RMS Read Electrometer RMS

[fA] (text + data)

RELM,OFFSET,# Read Electrometer Offset
[fA] (data only)

RELM,GAIN,# Read Electrometer Gain
(data only)

RELM,COV # Read Electrometer Covariance
[fA72] (data only)

RELM,RMS # Read Electrometer RMS

[fA] (data only)

RIM Read Instrument Matrix
RIM Read Instrument Matrix
Returns Index, Number (Index = col + 33 x row)

(col = 0-32, row = 0-21, index = 0-725)
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RAO Read Analog Out

RAO,R Read Voltage range [0=0-5V, 1=0-10V]
RAO,L,C Read Lin/Log mode [0=Lin, 1=Log]
RAO,N,C Read Normalize mode [0=0ff, 1=0n]
RAO,A,C Read Averaging time, 1-10 [Sec]
RAO,DO,C  Read Minimum Diameter [nm]
RAO,D1,C  Read Maximum Diameter [nm]
RAO,D,C Read Density, >= 0
RAO,M,C Read Multiplier, >= 0
RAO,E,C Read Exponent, 0-10
RAO,FO,C  Read Minimum Full Scale, >(=) 0 [dN/dlogdp]
RAO,F1,C  Read Maximum Full Scale, > 0 [dN/dlogdp]
RAO,V,C Read Voltage, 0-5 or 10 [V]

C =chan, 1-4

Add ,# to any to read numbers only

RDM Read Debug Mode

RDM,x

SET Commands

Read Debug Mode [0<=x<=127]

SPID Set PID Parameter
Sheath Flow:
SPID,1,x P Parameter [0 <= x <= 500]
SPID,2,x | Parameter [0 <= x <= 500]
SPID,3,x D Parameter [0 <= x <= 500]
Sample Flow:
SPID,4,x P Parameter [0 <= x <= 500]
SPID,5,x | Parameter [0 <= x <= 500]
SPID,6,x D Parameter [0 <= x <= 500]
Sample Flow:
SPID,7,x P Parameter [0 <= x <= 500]
SPID,8,x | Parameter [0 <= x <= 500]
SPID,9,x D Parameter [0 <= x <= 500]
SF Set Flow
SF,1,x Sheath Flow Setpoint in L/min
[0<=x<=50]
SF,1,x Sheath Flow Control [ON, OFF,
OPEN]
SF,2,x Sample Flow Setpoint in L/min
[0<=x<=20]
SF,2,x Sample Flow Control [ON, OFF,
OPEN]
SF,3,x Charger Flow Setpoint in L/min
[0<=x<=2]

D-12 Model 3091 Fast Mobility Particle Sizer™ Spectrometer



SF,3,x Charger Flow Control [ON, OFF,
OPEN]

SF,4,x Extraction Flow Setpoint in L/min
[O<:x<:5]

SF,4,x Extraction Flow Control [ON, OFF,
OPEN]

SF,on Turn all flows ON

SF,off Turn all flows OFF

SAV Set Analyzer Voltage
SAV,X Analyzer Voltage [ON, OFF]

SAV,OFFSET,x Analyzer Voltage Offset [ON, OFF]

SC Set Charger
SC,1,x

SC,1,x,PERM
SC,1x
SC,2,x
SC,2,x,PERM

SC,2,x

Temporary Neg Charger Current
Setpoint(nA) [ 0.00<=x<=50.00]
Permanent Neg Charger Current
Setpoint(nA) [ 0.00<=x<=50.00]
Negative Charger Control [ON, OFF]

Temporary Pos Charger Current
Setpoint(nA) [ 0.00<=x<=50.00]
Permanent Pos Charger Current
Setpoint(nA) [ 0.00<=x<=50.00]
Positive Charger Control [ON, OFF]

SDAC Set Digital Analog Converter

SDAC,x,y Channel x [0<=x<=7]; Bitvalue y [0<=y<=1023]
SIE Set Instrument Error
SIE,x This command turns error messages on
front panel ON or OFF.
[Xx = ON or OFF; default: ON]
SSN Set Serial Number
SSN,x Set Serial Number [0<=x<=999999999]
SCH Set Column Heater
SCH,x Set Column Heater [x = ON or OFF]

SPCB Set PCB Revision

SPCB,1,x
SPCB,2,x
SPCB,3,x

SEE Set EEPROM

SEE,DEFAULT Write default values to Main PCB EEPROM.

SEE,CLEAR

Serial Commands

Main PCB Rev [-<=x<=Z]
High Voltage PCB Rev [-<=x<=Z]
Electrometer PCB Rev [-<=x<=Z]

Clear Main PCB EEPROM.
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SEM

SDS

Set Export Mode

SEM,0
NUMBER DENSITY IN VARIABLE NUM CONCEN XFR
STORE_RAW ADC BITS IN VARIABLE RAW DATA XFR

SEM,1
INSTRUMENT SPECTRUM IN VARIABLE NUM CONCEN XFR
RAW ADC BITS IN VARIABLE RAW DATA XFR

SEM,2
NUMBER DENSITY IN VARIABLE NUM CONCEN XFR
RAW CURRENT IN VARIABLE RAW DATA XFR

SEM,3
INSTRUMENT SPECTRUM IN VARIABLE NUM CONCEN XFR
RAW CURRENT IN VARIABLE RAW DATA XFR

SEM,4
NUMBER DENSITY IN VARIABLE NUM CONCEN XFR
INSTRUMENT RECORD IN VARIABLE RAW DATA XFR

SEM,5
INSTRUMENT SPECTRUM IN VARIABLE NUM CONCEN XFR
INSTRUMENT RECORD IN VARIABLE RAW DATA XFR

SEM,6
NUMBER DENSITY IN VARIABLE NUM CONCEN XFR

SEM,7
INSTRUMENT SPECTRUM IN VARIABLE NUM CONCEN_ XFR

SEM,8
RAW CURRENT IN VARIABLE RAW DATA XFR

SEM,9
INSTRUMENT RECORD IN VARIABLE RAW DATA XFR

SEM,10
NUMBER CONCENTRATION IN VARIABLE NUM CONCEN_XFR
(Default setting for FMPS software)

Set Data Simulation

SDS,x Set Data Simulation [x = ON or OFF; default:
OFF]
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SELM Set Electrometer Parameter

SELM,RESET  Reset all electrometers
Wait 30 seconds after a reset to take data

SELM,ZERO Initiate countdown to zero the electrometer.
The countdown is updated every second
and takes 45 seconds to complete. On
completion the new offset and covariance
values are written to the DSP and an OK wiill
be returned

SELM,STOP Stop the zeroing of electrometer

SAO Set Analog Out

SAO,R,x Set Voltage range [x=0(0-5) x=1(0-10)]

SAO,L,C,x Set Lin/Log mode [x=0(Lin) x=1(Log)

SAO,N,C,x Set Normalize mode [x=0(Off) x=1(On)

SAO,A,C,x Set Averaging time [1<=x<=10]

SAO,DO0,C,x Set Minimum Diameter [5.624<=x<=562.3]

SAO,D1,C,x Set Maximum Diameter [5.624<=x<=562.3]
Minimum Diameter must be < Maximum
Diameter

SAO,D,Cx Set Density [x>=0.0]

SAO,M,C,x Set Multiplier [x>=0.0]

SAO,E,C,x Set Exponent [0.0<=x<=10.0]

SAO,F0,C,x Set Minimum Full Scale [x>(=)0.0]

SAO,F1,Cx Set Maximum Full Scale [x>0.0]
Min Full Scale must < Max Full Scale. Min
can be 0 in lin mode only

SAQ,V,C,x Set Voltage [0.0<=x<=5.0 or 10.0]
Sets Anout debug mode on. x=OFF sets
debug mode off
C =chan, 14

SDM Set Debug Mode

SDM,x Set Debug Mode [0<=x<=127]

SDM,0 Stop Dumping Data

SDM,2 Dump Sheath Flowrate [L/min]

SDM,3 Dump Sample Flowrate [L/min]

SDM,4 Dump Charger Flowrate [L/min]

SDM,5 Dump Extraction Flowrate [L/min]

SDM,6 Dump Sheath Flow Temperature [C]

SDM,7 Dump Sample Flow Temperature [C]

SDM,8 Dump Charger Flow Temperature [C]

SDM,9 Dump Extraction Flow Temperature [C]

SDM,10 Dump Sheath Flowrate [Bit]

SDM,11 Dump Sample Flowrate [Bit]

SDM,12 Dump Charger Flowrate [Bit]

SDM,13 Dump Extraction Flowrate [Bit]

SDM,14 Dump Sheath Flow Temperature [Bit]

Serial Commands
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SIM

SDM,15
SDM,16
SDM,17

SDM,18
SDM,19
SDM,20
SDM,21
SDM,22
SDM,23
SDM,24
SDM,25

SDM,26
SDM,27
SDM,28
SDM,29
SDM,30

SDM,31
SDM,32

SDM,33
SDM,34

Dump Sample Flow Temperature [Bit]
Dump Charger Flow Temperature [Bit]
Dump Extraction Flow Temperature [Bit]

Dump Positive Charger Current [nA]

Dump Positive Charger Voltage [V]

Dump Negative Charger Current [nA]
Dump Negative Charger Voltage [V]

Dump Top Section Analyzer Voltage [V]
Dump Middle Section Analyzer Voltage [V]
Dump Bottom Section Analyzer Voltage [V]
Dump Absolute Pressure [mBar]

Dump All Flow PID Control Data

Dump Sheath Flow PID Control Data
Dump Sample Flow PID Control Data
Dump Extraction Flow PID Control Data
Dump ELM countdown during offset and
covariance measurement

Dump ELM countdown and current during offset
and covariance measurement

Dump simulated particle distribution
Dump analog channel 1

Dump analog channel 2

Set Instrument Matrix
SIM,Index,Number

SIM,UPDATE

(Index = col + 33 x row)
(col = 0-32, row = 0-21, index = 0-725)

Send after all SIM,I,N cmds to update
SIM,DEFAULT Restore default inst matrix
(takes 4 sec.)
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3
3D graph, 5-27

A

about FMPS software, 5-36
AC connector and switch, 1-5
address, TSI, iii

aerosol inlet, 1-5

aerosol outlet, 1-5

analog 1, 5-31

analog 2, 5-31

analog and trigger input/output, 1-6
analog in CH1, 1-6

analog input, 5-15

analog input labels, 5-37, 5-38
analyzer voltages, 5-31
applications, 1-2

arrange open window, 5-17
attention icon, 5-43

auto export, 3-7

auto scale, 5-23

automatically export data, 5-16

B

back panel, 1-4

baseline noise, 6-24

basic care of the FMPS spectrometer,
6-1

C

caution symbols, vi
caution/warning symbols, v
change layout, 5-17
changing data export modes
dialog box, 6-28
charger, B-3
charger column
cleaning, 6-10
charger flow, 5-31
charger needle
cleaning, 6-3, 6-9
replacing, 6-7, 6-9
cleaning
charger column, 6-10
cyclone, 6-2
cleaning tool, 6-12, 6-13
close, 5-20
close all, 5-36
collecting sample data, 3-2

Index

color, 5-24, 5-39, 5-40, 5-43

column heater, 5-31

column voltage, 5-31

command description, D-7

command summary, D-5

commands, serial, D-1

comment, 3-7

comments, submitting, xv

communications errors, 3-5

concentration, 5-15

concentration display, 4-4

concentration histogram and total
concentration popup menus, 5-40

concentration limits, B-4

concentration scale, 5-23, 5-37, 5-40,

5-43

changing, 5-6
connecting computer, 2-5
connecting power, 2-5
context-sensitive menus, 5-37
control knob, 1-3, 4-1
controls, 5-31

analyzer voltages, 5-31

column heater, 5-31

flow control, 5-31

neg. charger, 5-31

pos. charger, 5-31
copy, 5-37, 5-39, 5-40, 5-43
copyright, iii
cursor, 4-2
cyclone, 1-5

cleaning, 6-2

installation, 2-4

D

data collection, 3-6
starting, 3-4
data exporting, 5-14
data hot spot
selecting, 5-11
data inversion, B-4
data sample
playback, 5-10
review, 5-10
data type, 3-6, 5-15
delete, 5-22
delete data, 5-11
delimiter, 5-16
density values, load, 5-39
density values, save, 5-39
description of Model 3091, 1-3
description of software menu, 5-18

diagnostic information, 4-3
dialog box
changing data export modes, 6-28
dilution factor, 3-7
display, 1-3
display menu options, 4-2
display time as, 5-15
display units
changing, 5-6, 5-9
displaying print information on
desktop, 5-13

E

electrical safety, vi
electrometer current, 5-15
electrometer offsets and RMS, 5-32
electrometers, 5-32
electrometer offsets and RMS, 5-32
more or less buttons, 5-32
zero the electrometers, 5-32
electronic air filter mode, 3-7
enable external trigger, 3-6
environmental conditions, A-1
error flags, 6-29
non-fatal, 6-30
error messages, 6-30
charger flow rate too high, 6-30
charger flow temperature too high,
6-30
charger flow temperature too low,
6-30
electrometer channel high offset,
6-31
electrometer channel noisy, 6-31
extraction flow rate too high, 6-30
extraction flow rate too low, 6-30
extraction flow temperature too
high, 6-30
extraction flow temperature too low,
6-30
fatal, 6-32
negative charger current too high,
6-31
negative charger current too low,
6-31
negative charger voltage too high,
6-31
negative charger voltage too low,
6-31
particle concentration to high, 6-31
particle concentration too high, 6-31



positive charger current too high,

6-31

positive charger current too low,

6-31

positive charger voltage too high,

6-31

positive charger voltage too low,

6-31
sample flow rate too high, 6-30
sample flow rate too low, 6-30

sample flow temperature too high,

6-30

sample flow temperature too low,

6-30
sample rate too low, 6-30
sheath flow rate too high, 6-30
sheath flow rate too low, 6-30

sheath flow temperature too high,

6-30

sheath flow temperature too low,

6-30
errors, 6-29
Excel, 5-15
exit, 5-21
export, 5-20
export data
automatically, 5-16
options, 5-15, 5-16
exporting data to file, 5-14
external inputs, 5-31
analog 1, 5-31
analog 2, 5-31
trigger channel 1, 5-31
extraction flow, 5-31
extraction pump, replacing, 6-23

F

fatal error flags, 6-32
fax number, iii

file menu, 5-19, 5-37, 5-39, 5-40, 5-43

close, 5-20
exit, 5-21
export, 5-20
new, 5-19
open, 5-19
print, 5-20
print preview, 5-20
print setup, 5-20
properties..., 5-21
recently accessed files, 5-21
save as, 5-20
file type, 5-15
filter replacement, 6-21
firmware commands, D-5
flow control, 5-31
flow path, B-4
FMPS desktop, 3-2
font, 5-37, 5-39, 5-40, 5-43
changing size, 5-26
dialog box, 5-26
style, 5-26

format menu, 5-22, 5-37, 5-39, 5-40,

5-43
color, 5-24
concentration scale..., 5-23
font size, 5-26
font style, 5-26
undo zoom, 5-26
front panel, 1-3

G

graph, 5-27

graph color dialog box, 5-24
graph type, 5-40, 5-42, 5-43
grid lines, 5-40, 5-42

H

heat exchanger fan, 1-4
HELP commands, D-5, D-6
help manual, 5-36
help menu, 5-36
about FMPS software, 5-36
help manual, 5-36
hide invalid values, 3-7
history
manual, ii
hot spot, selecting, 5-11

installing
cyclone, 2-4
shipping strap, 6-36
software, 2-6
instrument errors detected, 6-29
instrument placement, 2-4
instrument status, 5-30
information icon, 5-43
parameters, 5-31
internal pressure, 5-31

J

jeweler's loop, 6-6

K

knob. (see control knob)

L

labels, vi
input analog, 5-38
LCD display, 1-3, 4-1, 4-2
lifting caution, viii
linear, 5-23

list of recently accessed files, 5-21

literature (manuals), xv
load density values, 5-39
load settings, 3-7

log, 5-23

M

main toolbar, 5-35
maintenance schedule, 6-1
manifold filter, 6-21
manual

copyright, iii

history, ii

part number, iii

purpose, xv

related product, xv
manually export data, 5-14
mass, 5-15, 5-42
max, 5-23
max concentration, 5-23
maximum concentration, 5-5
measurement column, B-3
menu

descriptions, 5-18
min, 5-23
min concentration, 5-23
minimum concentration, 5-6
min-mas concentration limits, 5-15
Model 1031083 Cyclone, 1-5
Model 3091

back panel, 1-4

components, 2-1

description, 1-3

front panel, 1-3

moving, 2-2

overview, 1-1

safety, v

unpacking, 2-1, 2-2

ventilation requirements, 2-4
Model 3936 manual, xv
more or less buttons, 5-32

N

neg. charger, 5-31

neg. charger current and voltage, 5-31
new, 5-19

noisy channels, 6-26

non-fatal error flags, 6-30

normalized, 5-15

number, 5-15, 5-41

O

open, 5-19

open a new file, 3-3
operational overview, 1-6
output filename, 5-16

P

packing list, 2-1
pane layout, 5-36
2,5-36
3, 5-36
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pane layout (continued)
4, 5-36
5, 5-36
particle data graph, 4-5
particle histogram, 5-4, 5-28
maximum concentration, 5-5
minimum concentration, 5-6
particle size statistics, C-1
particle table, 5-28
pause/resume, 4-4
pin connectors, D-1
playback menu, 5-22
playback sample run, 5-10
playback setup
dialog box, 5-10
popup menus, 5-37
pos. charger, 5-31
pos. charger current and voltage, 5-31
power requirements, A-1
pressure, 5-15
print, 5-20, 5-37, 5-39, 5-40, 5-43
setup, 5-20
print preview, 5-13, 5-20, 5-37, 5-39,
5-40, 5-43
product
literature, xv
overview, 1-1
properties, 5-21, 5-22, 5-37
dialog box, 3-4
pump filter, 6-22

Q

quick start, 3-1
quit program, 5-17

R

raw data, 5-15

READ commands, D-5, D-7
read analog digital converter, D-8
read analog input, D-10
read analog out, D-12
read analyzer voltage, D-8
read charger, D-8
read column heater, D-10
read data record, D-7
read data simulation, D-11
read debug mode, D-6, D-12
read EEPROM, D-11
read export mode, D-11
read firmware version, D-7
read flow, D-7
read instrument error, D-8
read instrument matrix, D-11
read instrument status, D-10
read model number, D-11
read PCB revision, D-11
read PID parameter, D-7
read pressure, D-10
read serial number, D-10
read status record, D-7

READ commands (continued)
without comments, D-7
read temperature, D-8
references, selected, B-6
remove shipping strap, 2-2
returning the FMPS spectrometer for
service, 6-34
review sample, 5-10
RS-232 serial connection, 1-5
run length, 3-6
run menu, 5-21
delete, 5-22
properties..., 5-22
start data collection, 5-21
stop data collection, 5-21
run only once or run continuous, 3-6
run properties, 3-5

S

safety
electrical, vi
sample data, 3-9
sample flow, 5-31
sample run
taking, 3-2
sample temp, 5-15
save as, 5-20
save density values, 5-39
save settings, 3-7
scheduling, 3-6
schematic
FMPS measurement column, B-3
FMPS spectrometer, B-5
selected references, B-6
selecting data hot spot, 5-11
serial commands, D-1
service, 6-1, 6-34
set analog scale, 5-37, 5-38
SET commands, D-5, D-6, D-12
set analog out, D-15
set analyzer voltage, D-13
set charger, D-13
set column heater, D-13
set data simulation, D-14
set debug mode, D-15
set digital analog converter, D-13
set EEPROM, D-13
set electrometer parameter, D-15
set export mode, D-14
set instrument error, D-13
set instrument matrix, D-16
set PCB revision, D-13
set PID parameter, D-12
set serial number, D-13
setting up, 2-4
setup, 2-1
sheath flow, 5-31
sheath temp, 5-31
shipping strap
installing, 6-36
removing, 2-2

Index

shortcut keys, 5-44
show max concentration value, 5-37
signal connections, D-1
size distribution, B-2
software
change how data is viewed, 5-6
file menu, 5-19
format menu, 5-22
help menu, 5-36
installation, 2-6
introduction, 5-1
license, iv
menu, description, 5-18
opening existing file, 5-3
operation, 5-1
playback menu, 5-22
quit, 5-17
run menu, 5-21
selecting particle histogram, 5-4
starting the program, 5-2
view menu, 5-27
window menu, 5-35
specifications, A-1
start at time, 3-6
start data collection, 3-4, 5-21
starting a run, 3-4
static prevention measures, 6-1
statistics, particle size, C-1
status bar, 4-2
icons, 5-43
stop data collection, 5-21
surface, 5-15, 5-41
system diagram, 1-6

T

table color dialog box, 5-24
taking sample run, 3-2
technical contacts, 6-33
text, 5-15
theory of operation, B-1
time range and resolution, 5-15
time resolution

changing, 5-6
title, 3-6
toolbars, 5-35
total concentration, 5-15, 5-29
trigger channel 1, 5-31
trigger in, 1-6
trigger out, 1-6
troubleshooting, 6-1

baseline noise, 6-24

error flags, 6-29

noisy channels, 6-26
TSI

address, iii

U

undo zoom, 5-26, 5-37
units, 5-15, 5-39



unpacking, 2-1, 2-2

shipping strap, removing, 2-2
use averaging interval, 5-15
user settings, 4-3

Vv

ventilation, 2-4

view boundaries, 5-40, 5-42

view menu, 5-27, 5-37, 5-39, 5-40, 5-
43
3D graph, 5-27
instrument status, 5-30
particle histogram, 5-28
particle table, 5-28
toolbars, 5-35
total concentration, 5-29

viewing data, 3-8

volume, 5-15, 5-41

W=X=-Y

warm up screen, 3-1
warning symbols, vi
weight, 5-40, 5-41
changing, 5-6, 5-9
weight menu, 5-41
weight options, 5-41
mass, 5-42
number, 5-41
surface, 5-41
volume, 5-41
weighting in the 2D histogram, 5-9
window menu, 5-35
5, 4, 3, and 2 Pane Layout, 5-36
close all, 5-36

Z

zero check, 3-7

zero electrometers, 6-24
zero function, 6-25

zero the electrometers, 5-32
zoom in, 5-12

zoom out, 5-12

-4 Model 3091 Fast Mobility Particle Sizer™ Spectrometer



Reader’s Comments

Please help us improve our manuals by completing and returning this questionnaire to the address listed in the
“About This Manual” section. Feel free to attach a separate sheet of comments.

Manual Title __Model 3091 Fast Mobility Particle Sizer™ Spectrometer P/N 1980520

1. Was the manual easy to understand and use?

[1Yes I No

Please identify any problem area(s)

2. Was there any incorrect or missing information? (please explain)

3. Please rate the manual according to the following features:

Good Adequate Poor
Readability O O L]
Accuracy O O L]
Completeness (is everything there?) U U ]
Organization (finding what you need) U U ]
Quality and number of illustrations ] O ]
Quality and number of examples U ] O

Comments:

4. Which part(s) of this manual did you find most helpful?

5. Rate your level of experience with the product:

[] Beginning ] Intermediate [] Expert
6. Please provide us with the following information:
Name Address
Title

Company
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France Tel: +33491 11 87 64 Singapore  Tel: +65 6595 6388

Germany  Tel: +49 241 523030
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