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Errata

The following information was not included when this manual was
printed.

Warm-Up Period for Aerosizer® DSP and Aero-
Disperser®

The Aerosizer® and Aero-Disperser® should have a 30-minute
warm-up period before performing sample measurements.
Otherwise, the thermal characteristics of internal electronic
components may cause a drift in the background counts detected
during this time period.

“Calibration Pressure too Low, Check for Leaks”
Error Message

During calibration, the Aero-Disperser® moves the Disperser Pin
through its range of motion and checks the maximum pressure that
is obtained. If this pressure 18 less than 4.0 psi, this error message
may appear, even if the insbrument is operating properly.

In Aerosizer® 3225 Contral Scftware versions 8.20.02 and earlier,
the minimum calibration pressure threshold is set to 4.0 psl, This
threshold is too high. The Aero-Disperser® is operating properly if
the pressure reperted during calibration reaches at least 2.5 psi. If
it does not, consult Table B-2 for typical causes and recommended
corrective actions.

{This information should replace the first{ paragraph under the
heading “Min. calibration pressure not reached” on page B-1 of the
Aero-Disperser® manual.) ,

Special Note on the Data Acquisition Boards

The Data Acquisition Boards provided with older models of the
Aerosizer? (the Mach II and LD) cannot work with the Aerosizer® -
DSP. Use only the Data Acquisition Boards that were shipped with
the Aerosizer® DSP,

If the reported particle size is much smaller than
expected

If the diagnostic run Hme on the Diagnostic Screen {accessed by
pressing <Ctl B> from the Main Menu) is set to more than C.1



seconds, the software may incorrectly interpret the clock speed of
the low sensitivity correlator. This will cause the reported particle
size to be one-third to one-half the expected size. The clock speed
reported on the Diagnostic Screen should read 20/10 MHz and
40/20 MHz.
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Manual History

The following is a manual history of the Model 3225 Aerosizer® DSP
(Part Number DOC3225).

Revision ' Date
Preliminary May 1999

‘This manual was first published May 1999,
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TSI Incorporated / Particle Instrument Divislon—Amherst / 7 Pomeroy
Lane / Amherst, MA 01002-2905 / USA
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(413} 253-6960

TSI Incorporated (hereinafter referred to as “scller”) warrants that this
product, under normal 1:8¢ and service as described in this manual, shall
be free from defects in workmanship and materlal for a period of twelve
{12} manths from the date of shipment to the customer. This limited
warranty Is subject to the following exclusions:

1. Batteries, hot wire or hot film sensors and certain other components
when indicated in specifications are warranted for a period of 90 days
from the date of shipment to the customer

2. With respect to any repair services rendered. seller warrants that the
parts repaired or replaced will be free from defects in workmanship
and material, under normal use, for a perlod of 90 days from the date
of shipment to the customer.

3. Seller does not provide any warranty on finished goods manufactured
by others., Only the original manuifacturer’s warranty applies.

4. TUnless specifically anthorized in a separate writing by the seller, seller
makes no warranty with reapect to, and shall have no liability in
connection with, any goods which are incorporated into other products
or equipment by the Buyer. All goods returned under warranty shall
be at the Buyer's risk of loss, seller's factory prepaid, and will be
returned at seller's risk of loss, Buyer’s factory prepaid.

The foregoing 1s IN LIEU OF all other warranties and is subject to the
conditions and LIMITATIONS stated herein. NO OTHER EXPRESS OR
IMFPLIED WARRANTY OF FITNESS FOR PARTICULAR PURPOSE OR
MERCHANTABLITY IS MADE.

THE EXCLUSIVE REMEDY OF THE USER OR PURCHASER, AND THE
LIMIT OF THE LIABILITY OF SELLER FOR ANY AND ALL LOSSES, IN-
JURIES, OR DAMAGES IN CONNECTION WITH THIS PRODUCT
(INCLUDING CLAIMS BASED ON CONTRACT, NEGLIGENCE, STRICT
LIABILITY, OTHER TORT, OR OTHERWISE) SHALL BE THE RETURN OF
THE PRODUCT TO THE FACTORY OR DESIGNATED LOCATION AND THilE
REFUND OF THE PURCHASE PRICE, OR, AT THE OPTION OF SELLER,
THE REPAIR OR REPLACEMENT OF THE PRODUCT. IN NO EVENT
SHALL SELLER BE LIABLE FOR ANY SPECIAL, INCIDENTAL OR :
CONSEQUENTIAL DAMAGES. SELLER SHALL NOT BE RESPONSIELE
FOR INSTALLATION, DISMANTLING, REASSEMBLY OR REINSTALLATION
COSTS OR CHARGES. NO ACTION, REGARDLESS OF FORM, MAY BE
BROUGHT AGAINST THE SELLER MORE THAN ONE YEAR AFTER THE
CAUSE OF ACTION HAS ACCRUED.

The purchaser and all users are deemed to have accepted the terms of this
LIMITATION OF WARRANTY AND LIABILITY, which contains the complete -
and exclustve limited warranty of seller. This LIMITATION OF WARRANTY
AND LIABILITY may not be amended or modified nor may any of its terms
be waived except by a writing signed by an authorized representative of
seller.



Servica Policy

Knowing that inoperative or defective instruments arc as detrimental to
TSI as they are o our customers, our service policy 1s designed to give
prompt attention to any problems. If any malfunction is discovered, please
contact your nearest sales office or representative, or call TSI/Particle
Instrument Division—Amberst at 1-800-335-5577 {USA) or [413) 253-

-HO66, -
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Safety

This section gives instructions to promote safe and proper handing
of the Model 3225 Aerosizer® DSP.

There are no user-serviceable parts inside the instrument. Refer ali
repair and maintenance to a qualified technician. All maintenance
and repair information in this manual is included for use by a
qualified technician.

The Model 3225 Aerosizer® DSP is a Class I laser-based instrument.
During normal operation, you will not be exposed to laser
radiation. However, you must take certain precautions or you may
expose yourself to hazardous radiation in the form of intense,
focused, visible light. Exposure to this lght may cause blindness.

Take these precautions:
@ Do not remove any parts from the Acrosizer® unless you are
specifically told to do so in this manual.

O Do not remove the Aerosizer® housing while power is supplied
to the instrument.

The use of controls, adjustments, or procedures other than those specified
in this manual may result in exposure t¢ hazardous optical radiation.

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

Labels

The Model 3225 has 22 labels as shown in Figures 1 through 3.
Warning Fire Hazard Label (back panel)

Danger High Voltage Label {back panel)

CE (European Conformity} Compliance Labe! (back panel)
Serial Number Label {back panel)

Laser Safety Information Label (back panel)

Serviceable Parts Advisory Label {(back panel)

AU S e



vi

WARNING

FIRE HAZARD
FOR CONTINUED
PROTECTION, REPLACE
ONLY WITH THE SAME
TYPE AND RATING OF
FUSE

o

10.
11,
12,
13.
14,
15.
16.
17.
18.
19.

21.

Ground Label (back panel)

Ground Label (back panel)

Danger Laser Radiation Label (Source Optics Tube)
Danger Laser Radiation Label (Source Optics Tube)
Danger Laser Radiation Label (Source Optics Tube)
Danger Laser Radiation Label (Source Optics Tube)
Danger Laser Radiation Label (Source Optics Tube)

Danger Laser Radiation Label (Source Optics Tube)

Danger Laser Radiation Label (Detection Optics Housing)

‘Danger Laser Radiation Label (Sonic Nozzle Housing)

Danger Laser Radiation Label (Sonic Nozzle Housing)
Danger Laser Radiation Label (Retrofocus Mirror Housing)
Danger Laser Radiation Label (Access Port Plug)

Danger Laser Radiation Label (Front Bulkhead)

Danger High Voltage Label (Utility PC Board)

Danger High Voltage Label {(Utility PC Boasd)

MRGLIDL'Y RRANCIPAT TLWED B4 LNEA Y-

—T T
m J§ 7o butrumants } srtrs
. c=—1 T Famerny Lane

e o

MONTH, YEAR VOLTAGE

ce WCDEL NINIBER  SERIAL NUMBER

Figurs 1
Location

CERTFIED
CLASS 1 LASER PRODUCT

THIS PRODUCT COMPLIES
WATH ALL DHHSACDRH
~-RADIATION PERFORMANGE
STANDARDS RECUIRED AT
TIWE OF MANUFACTURE,
TITLE 21 CFR, CHAPTER 1,
SUBCHAPTER J

NO USER SERVICEABLE PARTS
INSIDE, REFER SERVICE TO A
QUALIFIED TECHNICIAN

af Waming and Information Labels, Rear Panel
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LABER RADIATION WHEN OPEN AND
— DMECT EXPOSURE TO BEAN
Above Label Located at Places indicated With ll = Above Label Located at Places indicated With 9
Figure 2

Location of Warning and Information Labels

- Safety

, Front and Internal Components

vil



Figure 3 .
Location of Utility PC Board High Voltage Waming Labals

Description of Caution/Warning Symbols

The following symbols and an appropriate caution/warning
statement are used throughout this manual to draw attention to
any steps that require you to take cautionary measures when
working with the Model 3225:

vill : Mode! 3226 Aerosizer® DSP



Caution

Cauiion means be careful. |t means if you do not follow the procedures
prescribed in this manualyou may do something that might result in
aquipment damage, or you might have to take something apart and start
overagain. ltalso indicates that important information about the cperation
and mainienance of this instrument is included.

Warning

Wmfng 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:

sufficient magnitude to cause electric shock. Therefore, itis

Wams you that uninsulated veltage within the instrumernt may have
i dangsrous to make any contact with any part inside the instrument.

information about its safe operation and maintenance is included.
Therefore, you should read the manual carefully to avoid any

g Wams you that the instrument contains a lagser and that important
exposure to hazardous laser radiation.

Wams you that the instrument is susceptible to electro-static
discharge (ESD) and ESD protection procedures should be followed
to avoid damegs.

Indicates the connector is connected to earth ground and cabinset
ground.

‘Safety | i
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About This Manual

Purpose

Thisisanmau'ucﬂonmanualforﬂmoperatlonandhandlmgofthe
Model 3225 Aemsjzer' DSP

Related Product Literature

Q Aerosizer® 3225 Control Software Manual (part number
DOCS8053 TSI Incorporated)

0O Model 3230 Aero-Disperser® Manual (part number DOC3230
TSI Incorporated)

D Model 3276 Calibration Nebulizer™ Manual (part number
DOC3276 TSI Incorporated}

Reusing and Recycling

As part of TSI Incorporated’s effort to have a minimal negative
impact on the commmunities in which its products are
manufactured and used:

o This manual uses recycled paper.

u} This manual has been shipped, along with the instrument,
in a reusable carton.




Geiting Help

To obtain assistance with this product or to submit suggestions,
please contact Particle Instruments/Amherst:

TSI Incorporated

Particle Instruments /Amherst

7 Pomeroy Lane

Ambherst, MA 01002-2905 USA

Fax (413) 253-6960

Telephone: 1-800-335-5577 (USA) or (413) 253-6966
E-mail Address: amherst@tsi.com

Submitting Comments

TSI values your comments and suggestions on this manual. Flease
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, send your comments
to:

TSI Incorporated

Particle Instruments/Amherst

7 Pomeroy Lane

Ambherst, MA 01002-2905

Fax: (413) 253-6960

E-malil Address: amherst@tst.com
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CHAPTER 1
Product Overview

This chapter contains a product description of the Model 3225
Aerosizer® DSP and a brief description of how the instrument
operates.

Product Description

The Model 3225 Acrosizer® DSP, shown in Figure 1-1, is a high-

- performance, general-purpose particle spectrometer that measures
particle diameter. The Model 3225 provides size distributions for
particles with geometiric diameters from 0.2 to 700 micrometers.

To collect and interpret data, the Model 3225 must be connected to
a computer with the Aerosizer® 3225 Control Software. A computer
equipped with the necessary hardware and software is included to
provide computer-controlled operation and data interpretation.

Figure 1-1 .
Modal 3225 Aerosizer® DSP
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Applications

The Model 3225 Aerosizer® DSP has application in the following
areas:

Drug-delivery studies

Powder Sizing

Filtér and air-cleaner testing

Basic research . .

Performance evaluations of other aerodynamic devices

OO0 o0o@Qoa0o

How the Model 3225 Aerosizer® DSP

Operates

Time-of-flight particle sizing technology involves measuring the
acceleration of particles in response to the accelerated flow of the
sample aerosol through a nozzle. The aerodynamic size of a particle
determines its rate of acceleration, with larger particles accelerating
more slowly due to increased inertia. As particles exit the nozzle,
the time of flight between the Model 3225's two laser beams 1s
recorded and cornverted to geometric diameter using a calibration
curve.

The Model 3225 uses one reflected laser to create two tightly
focused laser beams. As particles pass through the laser beams, -
they scatter light, which 1s detected and converted into two distinct
electronic signals by two photomultiplier tubes (FMTs]. One
photomultiplier detects light scattered as the particle passes
through the first beam, starting a timer; the other photomultiplier
detects light scattered as the particles pass through the second
beam, reading the timer. The time between these two events—the
time of flight—is measured with a precision of 25 nanoseconds.

Raw time-of-flight data is evaluated statistically to filter out invalid
readings, such as “phantom” particles (a trigger of only the first
PMT) and coincidence error {a trigger of only the second PMT).

Refer to Chapter 5, “Theory of Operation,” for a detailed description.

Modal 3225 Aarosizer® DSP



System History

In 1988, the Aerosizer® Mach II was introduced by Amherst Process
Instruments, Inc. It consisted of a sensor unit with a parallel
interface to an IBM PC. The sensor unit used a small (0.75mm)
nozzle and a Hellum-Neon laser to detect size distributions of
aerosol particles between 0.2 and 200 micrometers.

In late 1993, a version of the Aerosizer® Mach II was released using
a large (1.5mm) nozzle. The large nozzle made it possible to detect
size distributions for powders between 0.2 and 700 micrometers.

In early 1995, the Aercsizer® LD was released. The Aerosizer® LD
used a solid-state laser diode, replacing the Helium-Neon laser.
The Aerosizer® LD could be used with either the large or small
nozzle to detect size distributions for powders and aerosols,

The Model 3225 Aerosizer® DSP includes a number of changes and
began shipping in May 1999. It features improved digital signal
processing with antomatic gain control. The Model 3225 uses a
large nozzle. Its larger, redesigned cabinet also contains the
Disperser Pump, which was previously housed separately. In late
1998, Amherst Process Instruments became part of TSI, Inc.
Particle Instrument Division. The Model 3225’s new color scheme,
logo, and model number designation bring it into line with the
family of TSI® scientific particle instruments. The model number
designation also distinguishes it from the small-nozzle Model 3220
Aerosizer® DSP.

Product Overview 1-3
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CHAPTER 2
Unpacking and System
Setup

This chapier provides information concerning the accessories
shipped with the Model 3225 Aerosizer® DSP and describes basic
setup procedures.

Packing List

Note: The Model 3225 Aerosizer® DSP and the sample feed device
may have been shipped together. If this is the case, some of
the accessory items shipped with the instruments are
accessories to the Aerosizer® DSF; the rest are accessories (o
the sample feed device.

A packing list for the Model 3225 Aerosizer® DSP is provided in the
shipping box, It identifies all of the jtems that should have been

shipped to you as the Model 3225 Aerosizer® DSP and its accessory
kit. Please compare the list to the items you received. If any items

are missing, notfy TSI immediately.

Connecting the Model 3225 Aerosizer® DSP

The following setup is common to all applications using the Model
3225 Aerosizer® DSP. The computer components should be
connected first, followed by the sensor unit and then the vacuum
pump.

Connecting the Computer Components

Assemble and connect the computer, monitor, keyboard, and
printer as described in their accompanying manuals. All necessary
drivers and software have been Installed.

Connecting the Model 3225 Sensor

The Model 3225 Aerosizer® DSP has no special mounting
requirements other than the ventilation requirements (see below).
The cabinet has five rubber feet that give the instrument a good
grip on clean, level surfaces.
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Ventilation Requirements

The Aerosizer® DSP sensor cabinet is designed to be cooled by room
air drawn from the bottom and exhausted through the back of the
- cabinet.

The instrument should be located with at least 2 inches (50 mm)
clearance between the rear bulkhead and any other surface. The
sides should have at least 2 inches (50 mm} clearance between the
sides of the cabinet and any other surface., Mest important, the
instrument should be placed on a clean, firm surface so that the
exhaust air can move freely from the cabinet.

Computer Connections

The AGC cable is a computer cable with a 9-pin D-shell connector
on each end—one male, one femate. Insert the male end of the
cable into the port marked “AGC Setup” on the Aerosizer®. Plug the
female end into COM2 on the computer.

The “Y" cable is a computer cable with a 25-pin D-shell connector
on one end and two connectors—a 25-pin and a 15-pin—on the
other. Insert the connector on the “single” end of the cable into the
mating connecior on the Model 3225 labeled “COMPUTER." Insert
the remaining two connectors to the mating connectors on the back
of the computer {exact location of these connections will vary with
computer model). Tighten the lockserews on all computer
connectors.

Do NOT connect the *Y" cable to the *parallel port” on the oouter.

Serious damage to the electronics and computer components may result.

Connecting the Vacuum Pump

Flace the vacuum pump according to the requirements outlined in
its accompanying manual. It must be close enough for the supplied
tubing connections to reach the sensor unit. Its power switch
should be easily accessible to the user.

Pneumatic Connections

Using the tubing assembly with one quick-disconnect pneumatic
fitting and an in-line HEPA filter (part no. 500248), insert the

Model 3225 Acrosizor® DSP



pneumatic fitting into the connector marked “VACUUM" on the
Model 3225 rear hulkhead. Connect the remaining end of the
tubing to the vacuum pump inlet. (See Figure 2-1)

"y* Cable Connection
AGC Cable Connection

Figure 2-1
Connection of Model 3225 Acrosizer® DSP to Vacuum Pump

Power Connection

Connect the AC power cord (supplied) to the AC power in connector
on the Model 3225 rear bulkhead. Plug the Model 3225, the
vacuum pump, and the computer components into the outlet strip
{supplied). o

Note: Make ceriain the line cord is plugged into a grounded power

outlet. Position the Aerosizer® so the outlet strip Is easily
accessible. -

‘Unpacking and Systarn Setup 23
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CHAPTER 3

Description of the
Model 3225 Aerosizer®
DSP

This chapter describes the features found on the front panel, top
surface, and rear bulkhead, and internal components of the Model
3225 Aerosizer® DSP. It also describes the various parts that come
in the Accessory Kit.

.The front panel features two status LEDs, power switches for the

Aertosizer® and the Disperser Pump, and the Access Port Plug,

On the top of the Model 3225 is the Direct Feed Adapter. Under
that s the Sonic Nozzle Housing, where all sample feed devices are
attached,

The rear bulkhead provides power, communications, and
pneumatic connections as well as a cooling air exhaust panei.

Internal components consist of the flow system, the optics system,

- and the signal processing electronics. It also includes a compressor

pump for use with the Aero-Disperser®,

The Accessory Kit includes the Sonic Nozzle Extraction Tool and
Flow Straightener Extraction Tool, along with extra fuses, o-rings,
and tools and materials nsed to maintain the Model 3225
Aecrosizer® DSP,

Front Panel

The main components of the front panel are the Access Port Plug,
the power switches, and the status LEDs, as shown in Figure 3-1.

The Access Port Plug allows the user to access the detection region

of the Aerosizer® for routine cleaning and maintenance. When the
Access Port Plug is removed, interlock switches (white plastic
plungers) disable the power to the laser. However. if the interlock
switches are depressed, power to the laser may be restored.

| When the Aerosmer@ Sensor is ON the datectlon jaser i |s ON. To avoid
exposure o hazardous laser radiation, DO NOT remove the Access Port
Plug and depress the interlock switches while the Aerosizer® sensor Is ON.

F



Sonic Nozzle Housing

The upper power switch tums the Aerosizer® DSP sensor on and
off. When the status LED above the power switch is lit, the unit is
ON.

The lower power switch enables the Disperser Pump inside the unit
to turn on and off. When the status LED above the power switch is
lit, the pump power is enabled. The pump may then be turmed on
and off by the Acrosizer® 3225 Control Software.

-Aerosizer Powar Switch
Disperaer Pump Powar Switch

Access Port Plug

Figurs 3-1
Front Panel and Top Surface of the Modsl 3225 Aerosizer® DSP

Top Surface

3-2

Direct Feed Adapter

The Direct Feed Adapter (shown in Figure 3-2) may be attached to
the top of the Model 3225 Aerosizer® DSP. The Direct Feed Adapter
is used when measuring particles that are already airborne (e.g.

Model 3225 Asrosizer® DSP



natural aerosols, engine fumes, sinoke). The sample may be taken
- directly from the atmosphere or through a 1/8" 1.D. tube attached

to its barbed fitting. The Direct Feed Adapter is also used with the
Calibration Nebulizer™.

Figurs 3-2
Direct Feed Adapter

To remove the Direct Feed Adapter, loosen the three screws that
held it to the Sonic Nozzle Housing. As the screws are loosened,
the metal plunger underneath will be decompressed. Lift the
adapter and set it aside.

Sonic Nozzle Housing

The Sonic Nozzle Housing protrudes through the top of the
Aerosizer® DSP, as shown in Figure 3-1. The two white plungers
are interlock switches that disable power to the laser when any
sample feed device is removed. The larger, metal plunger aids in

aligning {and, if necessary, grounding) any sample feed device
attached to the Aerosizer®.

Two small holes fitted with o-rings provide airflow to the Aero-
Dryer™, where the airflow triggers valve changes.

Injection Tube

In the center of the Sonic Nozzle Housing is the Injection Tube,
shown in Figure 3-3. To remove it, grasp the top and pull up.

Figure 3-3
Injection Tube

Description of the Model 3225 Aerosizer® DSP 33



Note: The Model 3230 Aero-Disperser® uses a different infection
tube, supplied with that instrionent. The tnjection tube
shown here is for use with all other sample feed devices.

Sonic Nozzle

In the center of the Sonic Nozzle Housing is the Sonic Nozzie. It
may be removed using the Sonic Nozzle Extraction Tool provided in
the Accessory Kit. The Sonic Nozzle is shown in Figure 3-4.

Flgure 3-4
Sonic Nozzle

Flow Straightener

The Flow Straightener is inserted snugly inside the Sonic Nozzle.
To remove it, use the Flow Straightener Extraction Teol (in the
Accessory Kit). :

Rear Bulkhead

As shown in Figure 3-5, the rear bulkhead of the Model 3225
Aerosizer® DSP allows for electrical, pneumatic, and
communications connections. There is also a cocling fan with a
finger guard to prevent fingers or other items from being poked into
the fan. '
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Confrol Alr In
Transport Alt Qut
Transport Alr In
Sheath Air In

“y= Cable Interface Port
AGC Set-Up Port
Controt Air Out
Vacuum
AC Power Out

AC Power In (w/ Fuse Box)
Cooling Fan

Figure 3-5
Rear Bulkhead of the Model 3225 Asrosizar® DSP

Sheath Air In
Sheath air is taken in through the “Sheath Air Inlet.”

The “Sheath Air In” connector 1s a ¥%4-inch female NPT connector.
The connector can be left open to draw ambient air for the sheath
airflow, or it can be connected in line to provide a conirolled air
supply for the sheath airflow. The sheath air flowrate is computer-
controlled according to the pressure conditions and should be
about 16 lpm. Make certain any sheath air supply tube allows the
sheath air to flow freely (check for crimps and constrictions}).

If the sheath air is drawn from the environment, make certain you
do not block the Sheath Air Inlet.

Description of the Model 3225 Aerosizer® DSP 85
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Transport Air In
The Transport Air Inlet supplies air to the Disperser Pump.
The "Transport Air In" connector is a Y-inch female NPT connector.

The connector can be left open to feed ambient air into the pump,
or it can be connected in line to provide a controlled air supply to

‘the pump. The pump intake flowrate is approximately 10 Ipm.

Make certain the Transport Air Intake tube allows the transport air
to flow freely (check for crimps and constrictions).

If the transport air {s taken from the ambient air, make certain you
do not block the Transport Air Inlet.

Transport Air Out

The Transport Afr Qutlet sends air from the Disperser Pump to the
Aero-Disperser®,

The “Transport Air Qut” connector 1s a 1/8-inch CPC Quick-
Disconnect fitting, coded with blue. The transport air flowrate is
approximately 10 lpm. If the Disperser Pump is in use, make
certain that the “Transport Air Qut” tube allows the transport air to
flow freely (check for erimps and constrictions).

Control Air In
The Control Air [nlet supplies air to the compressor.

The “Control Air In" connector is a 1/8-inch CPC Quick-Disconnect
fitting, coded with orange. The connector can be left open to draw
ambient atr for the compressed atr, or it can be connected in line to
draw from a controlled air supply. The compressed air flow rate is
approximately approximately 4 lpm. Make certain any Control Air
In tube allows the control air to flow freely {check for crimps and
constrictions).

If the control air 1s drawn from the environment, make certain you
do not block the Control Air Inlet.

Control Air Out

The Control Air Qutlet directs compressed air from the compressor
to the sample feed device.

Model 3225 Aerosizer® DSP



The “Control Air Out” connector is a 1/8-inch CPC Quick-
Disconnect fitting, uncoded. The Control Air flowrate is
approximately 4 lpm. I the Aero-Disperser® or Calibration
Nebulizer™ is used, make certain the Conitrol Alr tube allows the
compressed air to flow freely (check for crimps and constrictions).

Vacuum

The vacuum pump draws the sample aerosol from the instrument
through the fiting marked “Vacuum.”

The "Vacuum” connector is a %-inch CPC Quick-Disconnect fitting.
The total flowrate is about 21 lpm. Make certain the tube leading
to the vacuum pump allows the afrstream to flow freely {check for
crimps and constrictions).

AC Power In/Out Connectors

The AC Power In Connector accepts the line cord (supplied) to
provide AC power to the Model 3225. Line voltage can be 100 to
240 Volts AC, 50-60 Hertz, single phase, 2 Amp max. Maximum -
power cansumpton i1s 300 Watts. The connector alse houses two
~T 5.0A H/250V fuses.

The AC Power Out Connector supplies power to some of the sampie
feed devices associated with the Model 3225 Acrosizer® DSP. It can
provide a line voltage of 85-264 Volts AC, 50-60 Hertz, single phase,
and 2 Amp max. Power output is 250 Watts maximum.

Note: Make certain the line cord is plugged into a grounded power
outlet. Position the Model 3225 Aerosizer® DSP so the power
cord connector is easily accessible.

AGC Set-Up

This 9-pin D-subminiature connector port allows the Aerosizer®
3225 Control Software to communicate the signal processing
parameters to the Model 3225 Aerosizer® DSP.

'Description of the Model 3225 Aerasizer® DSP 3-7



“Y” Cable Interface

This 25-pin D-subminiature connector allows the Aerosizer® 3225
Control Software to send non-signal processing commands and
operating parameters to the Model 3225 and to receive various
sensor readings and raw time-of-flight data from it.

Internal Components

3-8

The location of the functional systems and electronics of the Model
3225 Aerosizer® DSP are shown in Figure 3-6 and include:

O Laser Driver PC Board
Utility PC Board

AGC Board
Interconnect PC Board
Power Supplies

C0OO0D

O 0OoDDaGO

Optical Assembly
Valves

Disperser Pump
Compressor
Filters

The only serviceable components of the Model 3225 Aerosizer® DSP
are the filters, which require routine maintenance (refer to
Appendix A). For a more detailed description of the internal

components, refer to Chapter 5, “Theory of Operation.”
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Interconnect PC Board . Vaves Compressed Air Filter
Ay

Compressot
. 14 1
o
-l Power
a 'Suppllas
AGC Board Utility PC Board
T [ Q] o
0 i/ [ N
L - ' ' _
Sheath Air Filter] \ \-Di8peraar Fump Filter
Laser Driver PG Boa - ptical Assembly Disperser Pump -

Figure 3-6
internal Diegram of the Model 3225 Aerosizer® DSP

Accessory Kit

The items described in this section are unique to the Aerosizer®
system. A complete list of iterns in the Acrosizer® Accessory Kit is
provided in the Accessory Kit container.
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Sonic Nozzle Extraction Tool

The accessory kit includes the Sonic Nozzle Extraction Tool, shown
in Figure 3-7 below. The Sonic Nozzle extraction procedure is
described in Chapter 2.

Figure 3-7
Sonic Nozzle Extraction Tool

Flow Straightener Extraction Tool

The Flow Straightener Extraction Tool ts shown in Figure 3-8. The
Flow Straightener extraction procedure is described in Chapter 2.

Figura 3-8
Flow Straightener Extraction Tool
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CHAPTER 4

Aerosizer® DSP

Operation

This chapter provides instructions for setting up and running
sample measurements using the Model 3225 Aerosizer® DSP

without a sample feed device.

Complete instructions for setting up and running sample

measurements with the Model 3225 Aerosizer® DSP and sarnple

feed device are provided in the sample feed device manual.

These instructions assume that the Aerosizer® and vacuum pump

have been properly connected.

Getting Started

Attach the Direct Feed Adapter to the Aerosizer®. If desired, place a
1/8" LD. hose over the barbed fitting on the adapter.

Turn on the Aerosizer® and the vacuum pump.

Turn on the computer. The software will start up, and the Main
Menu will appear. Press <Ctrl 8» to access the System Setup

Screen.

System Setup Screen

The System Setup screen allows the user to set some of the

operating parameters for the Aerosizer® and its control software.
Table 4-1 below shows the recommended setting for each option.

Table 4-1
System Sstup Options
F-key | Parameter Recommended Setting
F2 Graphics Mode Select printer in use
F3 Disperser Port COMI1
F4 Aerosizer Port COM2
F5 External Control Port COM3
F10 Sample Presentation Cal. Neb.
Alt F6 | AutoSave during run? NO
Alt F7 .| Overwrlte Scans? NO
Alt F8 | Log Plot Resolution? Low

41



Main Menu Options

The following options should be selected before proceeding with a

sample run. '

O Press <F2> and enter any information to be stored with the
sample data. .

O Press <F3> and enter the desired flow pressure percentage (full
scale is-approximately 20 PSIG). The recommended setting is
B0%.

D Press <F4> and select the sample material and density from the

list, or add it to the list

Press <F5> and set Combine to AUTO.

Press <F'8> and select the desired Auto Print setting.

O Press <F9>. Set Automatic Save to ON. To change the current
directory, move the cursor to “Data File SubDir,” press <Eater>,
and select the desired directory from the list, or add it to the
Hist.

O Press <F10> and select MANUAL measurement.

O o

Background Count Check

Press <Ctrl D> to access the Diagnostic Screen. Check the
background courntts. Clean the optics if the background counts:

O Are consistently lower than 500
O Are consistently higher than 10,000

D Show a ratio between the left and right columns of more than 5
to 1.

Peffor_ming -a Sample Measurement

42 .

Make sure all options have been set from the System Setup screen
and the Main Menu.

Starting the Measurement
Press <F7>.

A distribution will appear onscreen. It may at first appear choppy,
but it will smooth out as more data is collected.

Model 3225 Aerosizer® DSP



Ending the Measurement

When a sufficient amount of data has been collected, use one of the
following commands:

O Press <F11> to complete a run and store the data.

O -Press <Fl> to abort a run.

O Press <F7> to restart a run.

Aerosizer® DSP Oparation 43
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CHAPTER 5§

Theory of Operation

The Model 3225 Aerosizer® DSP is a time-of-flight spectrometer that
measures the time-of-flight of a distribution of particles in an
_ accelerating atrflow through a nozzle.

- In the iInstrument, particles are confined to the centerline of an
accelerating flow by sheath air. They then pass through two tghtly
focused laser beams, scattering light as they do so. This scattered
light causes-a pulse to be emitted from the photomultiplier tube
{PMT) monitoring that laser beam. A signal from the PMT
monttoring the first beam is used to start a timer, and the signal
from the PMT monitoring the second beam is used to stop the timer
and report the time elapsed. This time-of-flight information is sent
to a computer running the Aerosizer® 3225 Control Software, where
the time-of-flight to size conversion takes place.

For a discussion of the time-of-flight to size conversion, see the
appendices in the Aetosizer® 3225 Control Software Manual.

Sample Flow Path

The sample flow path in the Model 3225 Aerosizer® DSP is
fllustrated in Figure 5-1. A vacuum pump generates the total flow
from the sample feed device and through the sample chamber. The
particles entering the Aerosizer® DSP may be either a dry powder or
liquid aerosol, in the form of an air suspension. This suspension is
drawn into the Aerosizer® inlet and forms the sample flow through
the Injection Tube.

The sheath flow 1s filtered, and is drawn by the vacuum pump. The
sheath flow pressure and the sample chamber pressure are '
monitored. The sheath flow confines the sample particles to the
center stream and accelerates the atrflow around the particles. As
the particles leave the end of the Sonic Nozzle, they are at near-
aonic velocity and continue to accelerate through the measurement
region. Very small particles are accelerated to nearly the air
velocity by the drag force between the air and the particles. Large
particles experience lower acceleration because of their greater
mass.

The particies’ times-of-flight are then measured in the sample
chamber. '

5-1
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Gauge Pressure\ Orifice l Orifice
"Control Air Out* == ‘ | 7 Gauge Pressura
ntrol Alr . Transducer
Alr Swilching Switching Switching
. Compressor Valve Vave Valve
Control Alr In* —e=—f===("_}

“Transport Air In" —m:

Disperser
‘Pump -

Filter '
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Transducers
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r = Absolute Pressure
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Detection Area
— Y
./
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Pump Absolute Pressurs
Transducer
Figurs 5-1
Sample Flow Path

After measurement, the particle stream exits the sample chamber.
The airflow passes through a HEPA fllier before entering the
vacuum pump to remove any sample particles. The filtered air is
then exhausted to the atmosphere.

A small compressor draws and filters room air. If the Aero-
Disperser® or Calibration Nebulizer™ is used, a switching valve
directs the compressed air flow to the “Control Air Qut” fitting,
where it is connected to the sample feed device.
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In an independent system. the Disperser Pump draws room air and
directs it to the "Transport Air Out” fitting, where it can be supplied
to the Aero-Disperser®,

Optics Path

- The optics path for the Model 3225 includes both source optics and
detection optics. The source optics path is shown in Figure 5-2.
The detection optcs path is shown in Figure 5-3.

Source Optics

The first component in the optics path (see Figure 5-2) i1s the laser
diode. This diode generates a 3 mW, 670-nm wavelength,
collilmated laser beam.

LASER DICDE ] NEG. 8PHERICAL
PACKAGE LEN : MIRROR

Figure 5-2 :
Modal 3225 Source Optics Cross Section

The beam is passed through two convex, cylindrical lenses that
flatten out the beam as it passes through the measurement region.
The beam is then reflected off a concave, spherical mirror to
generate the second, flattened beam directly above the first. The
reflected beam is then passed back through the optics to a reflective
prism that directs the beam into a light trap.
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Detection Optics

When a sample particle crosses the source optics beams, it creates
a pulse of light from each beam. Each pulse of light is passed
through a convex, aspherical lens and an aperture, toward a
reflective prism. The reflective prism directs each light-pulse
through a biconvex spherical lens and toward the appropriate
photomultiplier tube (PMT).

One PMT monitors the top laser beam; the other PMT monitors the
bottom beam. The PMTs detect the light pulses from the
appropriate beam and emit an electrical pulse.

POS. ASPHERICAL LENS

APERTURE SURFACE
—PHOTOMULTIPLIER TUBES

Figure 5-3
Model 3225 Detection Optics Cross Section

Signal Processing Path

The Aerosizer® DSP utilizes proprietary Digital Signal Processing to
minimize false triggering of the correlator boards caused by ringing
and afterpulsing of the photomultiplier tubes (PMTs). Typically,
larger particles cause long, bright flashes. For such particles, the
PMTs will produce commensurately long pulses, often with large
overshoots and afterpulses. Look-ahead technology, coupled with a
multi-level discrimination circuit, automatically sets discrimination
levels based on individual pulses output by the PMTs. Analog
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photomultiplier pulses are first amplified and adjusted for proper
offset. The resulting pulses are digitized and a look-ahead circuit
deterrnines the widih and amplitude of the resulting digitized pulse,
The level of a digital discrimination circuit is set accordingly. For
very wide, large pulses, the discriminator level is set high enough to
eliminate false triggers due to ringing or afterpulses. Conversely,
for narrow pulses caused by small particles, the discriminator level
will be set Jow encugh that the smaller pulse will trigger the
discriminator and be sent to the correlator boards. This technology
eliminates any false triggers due to extraneous pulses, but still
allows small pulses to trigger the correlators properly.

Signals are also passed from the computer to the electronics in the

Model 3225 to control the valves associated with the “Control Air
Out,” the Disperser Pump, and the Aero-Disperser®.
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APPENDIX A
Maintenance

This section provides information about the maintenance
procedures that are required for the Aerosizer® DSP and includes a
suggested mainienance schedule. '

Maintenance Schedule

The following table contains a schedule of approximate
recommended intervals for maintenance. The conditions under
which the instrument is used will greatly affect this schedule. The
sample materials used will aiso affect the maintenance schedule—
in general, smaller sample particles require more frequent cleaning
of the Aerosizer's® Sonic Nozzle and optics. Use the schedule in
Table A-1 as a guideline only.

Table A-1

Maintenancs Schedule
Maintenance . | Recommended

| Operation Maintenance Interval User /Factory
Cleaning Sonic As needed User
Nozzle |
Cleaning Optics As needed User
Replacing Internal | Yearly/as needed Factory
Compressed Air
Filter
Replacing Internal | Yearly/as needed Factory
Sheath Air Filter
Replacing Disperser | Yearly/as needed ) Factory
Pump Filter :
Replace Fuses As needed User
Recalibration Yearly ' Factory

Cleaning the Sonic Nozzle

Clean the Sonic Nozzle according to the maintenance schedule and
also in the following circumstances:

O The message “Nozzle Clogged” appears on the computer screen
0O The flows in the instrument are too low or erratic
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Q A sudden, apparent degradation of the quality of the particle
size distribution occurs during a measurement

To clean the Sonic Nozzle, proceed as follows:

Make sure power is switched off and power cord is disconnected to avoid
any exposure to hazardous laser radiation.

L Turn the vacuum pump, computer, Model 3225 Aérosizer®
DSP, and any sample feed device OFF.

2 Remove the sample feed device (including the Direct Feed
Adapter, if used) from the Aerosizer® DSP.

3. Remove the Injection Tube. Be careful not to damage the tip
of the Injection Tube. The tip is critical to a uniform airflow
into the Sonic Nozzle. (Refer to Figure A-1)

~Injection Tube

Protect fip from nicks,
lk/ dings, disfigurement

Figure A-1
Injection Tube Removal Procedure

4. Attach the Sonic Nozzle Extraction Tool to the Sonic Nozzle
using the two 2-56 screws on the extraction tool. Rotate the
Sonic Nozzle to break the o-ring seal. Remove the Sonic
Nozzle by pulling up uniformly on the extraction tool.
Remove the extraction tool from the nozzle. (Refer to Figure
A-2)
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584 Allen Wrench

Sonic Nozzle

Sonic ==
Nozzie

Protact tip from nicks,
dings, disfigurement

Figure A-2
Sonic Nozzle Extra:ﬂion Procedure

B. Use the Flow Straightener Exiraction Tool to remove the
Flow Siraightener from inside the Sonic Nozzle by inserting
the tool through the center hole and catching the botiom
edge of the Flow Straightener with the tip of the tool.
Grasping the tool in one hand and the Sonic Nozzle in the
other, pull out firmly. (Refer to Figure A-3)

Maintenance
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Take care not to damage this
adge of the Flow Straightener

Flgurs A-3
Flow Straightener Extraction Pruoadure

8. Remove any objects in the Flow Straightener and nozzle
using compressed air. Swab out the inside of the Sondc
Nozzle and the nozzle tip with isopropyl alcohel.

7. Hf necessary, clean nozzle with soap and water. Thoroughly
rinse and dry the nozzle,

Do not allow any hard objects to come in contact with the tip of the Senic
Noz2le, as even small scratches will cause serious degradatlon of Model
3225 Aerosizer® DSP's operation.

8. Lubricate alt the o-rings on the Sonic Nozzle with a small
amount of o-ring lubricant (supplied). There should be
enough lubricant on the o-rings to allow the parts to fit
together easily, but not so much that there are large

globules present. Wiping a small amount of “o-lube” on the .
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inside of the top of the Sonic Noézle. above the first ring of
holes, will ald in reassembly of the parts.

9. Replace the Sonic Nozzle in the Model 3225 Aerosizer® DSP.
Push the nozzle down with the Sonic Nozzle Extraction Tool,

Cagtien

Do not hold the sldes of the nozzie with your f:ngars as you push because
they may be pinched by the upper edge of the nozzle.

10.  Replace the Flow Straightener in the Senic Nozzle. Use the
Flow Straightener Extraction Tool to push it in firmly.
Gently remove the tool.

11. Replace the Injection Tube and the sample feed device.

Cleaning the Optics

Thie optics should be cleaned when operation has been degraded by
sampie bulldup on the optics, or when the background counts on
the Diagnostic Screen:

Q Are consistenily lower than 500
Q Are consistently higher than 10,000

O Show a ratio between the left and right columns of more than 5
to 1. '

To clean the optics, proceed as follows:

Make sure power is swrtched oft and power cord is dtsoonnected o avmd
any exposure to hazardous laser radiation.

1. Turn off power to the vacuum pump, the Model 3225
Aerosizer® DSP, and the sample feed device.

2. Remove the sample feed device {including the Direct Feed

, Adapter, if used).

3. Remove the Access Port Plug from the front of the Model
3225 by grasping the handle, rotating the phag
counterclockwise, and pulling out firmly.
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Remove the Sonic Nozzle. You may be able do this by
placing your fingers on the tapered portion of the nozzle and
pushing up. If this is not possible, use the Sonic Nozzle
Extraction Tool provided in the Accessory Kit. (Refer to
Figure A-4}

Sonic Nozzle
Hotiging

N
_ } Sonic Nozzle
7, ) T

Relro-Focus
Assambly

{Cover for
})' cleaning)

Figura A-4
Cutaway View of Sample Chamber

7.

Tape over the opening to the Retro-Focus Mirror with
adhesive tape. .
Clean the sample chamber and opties by blowing out
residue with compressed gas (air, nitrogen, etc...}

To clean the lenses with lens tissue and alcohol or acetone,
cut a square of tissue paper and fold the ends up. Grasp
the tissue paper swab with the forceps. (Refer to Figure A-5)
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Flgure A-5
Forming Tissua Paper Swab for Cleaning Optics

9’

10.

. 1L
12,

You should use two pieces of lens tissue, one with the
alcohol to clean the lenses, and one dry plece to immediately
wipe the lenses dry before the alcohol can evaporate. The
cleaning should be done with a gentle, single stroke. DO
NOT scrub or exert a lot of force on the lenses. It may
require more than one pass to accomplish adequate
cleaning. New lens tissue should be used for subsequent
passes. '

Clean the inside of the sample chamber with alcohol and
lens fissue If necessary. '

Remove the tape from the Retro-Focus Mirror opening.
Replace the Access Port Plug.

Remove and clean the Sonic Nozzle as described in the
previous section. Replace the Sonic Nozzle in the Model
3225 Acrosizer® DSP,

Re_placé the Injection Tube and the sample feed device.

Restore power to the system. A 20-minute warm-up period
is recommended after cleaning the optics before making a
measurement.
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Replacing Internal Air Filters

There are three air filters internal to'lthe Model 3225 Aerosizer®
DSP. These should be replaced according to the schedule in Table
A-1. The location of each filter is indicated in Figure A-6.

L

\—Dlsperser Pump Filter

Figurs A-8
L ocations of Internal Air Fikers

To replace the internal air filters, proceed as follows:

5T WARNING.

Make sure power is switched off and power cord is disconnected to avoid
any exposure fo hazardous laser radiation.

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

N
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The alectronic circuits within this instrument are suscepﬁble to electro-
static discharge (ESD) damage, Use ESD precautions to avoid damage.
0 Use only a table top with a grounded conducting surface.

0 Wear a grounded, static-discharging wrist strap.

1. Turn off the vacuum pump, Model 3225 Aerosizer® DSP,
and the sample feed device.
2. ' Remove any sample feed device (including the Direct Feed
_ _Adapter. if used).
3. ‘Remove the six (6) screws that hold the unit's cover to the
baseplate. Lift the cover straight up.
4. Replace the filter as described below:

Replacing Compressed Air Fliter

To replace the compressed-air filter, slip the filter out of its
retaining clip and disconnect the tubing from each end. Take note
of the flow direction indicated on the new filter and reconnect the
tubing to the new fllter. Press the filter into the retaining clip.

Replacing Sheath Air Filter

To replace the sheath air filter, slip the filter cut of its retaining clip
and disconnect the tubing from each end. Take note of the flow
direction indicated on the new filter and reconnect the tubing to the
new filter. Press the filter into the retaining clip.

Replacing Disperser Pump Filter

To replace the Disperser Pump filter, disconnect the tubing from
each end. Take note of the flow direction indicated on the new filter
and reconnect the tubing to the new filter.

5. Gently lower the Model 3225 Aerosizer® DSP's cover over the
instrument, taking care not to pinch any hoses inside the
instrument. Make sure the holes-on the cover align with the
threaded holes on the Instrument’s baseplate. Reinsert the
mounting screws. '

6. Reattach all electrical and pneumatic connections.
Reconnect the sample feed device.
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Replacing the Fuses

The accessory kit includes two extra fuses in the event these need
to be replaced. The Model 3225 Aerosizer® DSP uses two ~T5.0A
H/250V fuses. To replace the fuses, proceed as follows:

1. Turn off the power to the Aerosizer® and Disperser Pump.
Unplug the instrument.

2. Slide the fuse box out of its slot in the power outlet panel on
the rear bulkhead. Remove the old fuses from their clips
and put the new ones in their place. Slide the fuse clip back
into its slot until it snaps into place.

3. Plug in the Model 3225 and turn it on.

Recalibration of the Model 3225 Aerosizer®
DSP

Calibrating the Model 3225 Aerosizer® DSP is a veiy delicate
process requiring special equipment and tools. The instrument
should be returned to the factory for a recalibration.
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APPENDIX B
Troubleshooting

Error Messages

Pressures within the Model 3225 Aerosizer® DSF are monitored at
the sheath air inlet to the nozzle, In the vacuum chamber on the .
outlet side of the nozzle, and at the vacuum inlet at the back of the
Aerosizer® where the vacuum line is connected. The Aerosizer®
3225 Control Software will provide error messages on the computer
screen when the system detects alr pressures in the system that
are outside the normal range. :

The following pressure-related error messages may appear The
typical causes and sohations are given for each.

Sheath Alr Fiiter Clogged

This message may appear when the sheath air inlet pressure falls
below 0.85 atmospheres. Typical causes and solutions are shown
in Table B-1.

Table B-1
Causss and Solutions for "Sheath Alr Filkkar Cloed" Error Messaga
Typical Causes Solution

O Blocked sheath air filter Q Replace sheath air filter

Q Pinched tube leading to or | @ Adjust tubing to remove
from the sheath air fllter pinches

Q@ Blocked sheath air inlet O tnblock sheath air inlet
in rear bulkhead

O Ambient pressure isless | O If this is expected, call
than 0.85 atimospheres Customer Service to discuss
_ possible solutions

Nozzle Clogged B

This message may appear when the sample chamber pressure and
the vacuum inlet pressure fall below 0.02 atmospheres, or if both
are less than 0.05 atmospheres and the ration of sample chamber
pressure to vacuum pressure is less than 0.7. Typical causes and
solutions are shown in Table B 2.




B-2

Table B-2
Causes and Solutlons for “Nozzle Glgagg_d' Emror Massages

Typical Cause Solution

'O Nozzle clogged by large @ Clean sonic nozzle
object

0 Sheath air inlet and sample |@ Unblock sheath air inlet and
inlet both blocked sample inlet

Pump Filter Clogged

This message may appear if the sample chamber pressure is

between 0.07 and 0.2 atmospheres, and the vacuum inlet pressure
is between 0.1 and 0.2 atmospheres. Typical causes and solutions
are shown in Table B-3. -

Table B-3
Causee and Solutions for "Pump Fiksr Cl Error Message
Typical Cause . Solution
O Clogged HEPA filter at 2 Replace HEFA filter
vacuum pump
G Pinched or chstructed & Remove obstruction from
vacuum line between vacuum tube or adjust
vacuum pump and position to remove pinches,
instrument
0 Vacuum purnp of . O If using the supplied
insufficlent pumping vacuum pump, it may need
capacity to be returned to TSI, Inc.
for service. If using another
vacuum source, such as
house vacuum, switch to a
stronger vacuum pump.

Vacuum Pump Turned Off or Not Connected

“This message may. appear if the sample chamber pressure and the

vacuum inlet pressure are close to atmospheric pressure, and the
ratio of the two are between 0.9 and 1.1. Typical causes and
solutions are shown in Table B-4.
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Teble B4 _ -
Causes and Solutions for "Vacuum Pump Tumed Off or Not Connected” Error
Message :

Typical Canse Solution
Q Vacuum pump turned off 0 Turn on vacuum pump.
Q Vacuum line not connected | O Connect vacuum line.
Q Interface cable from a2 Connect interface (*Y") cable
Instrument to computer not from instrument to
connected computer.

Chamber Pressure Too High

This error message may appear if the sample chamber pressure and
the vacuum inlet pressure are both greater than 0.2 atmospheres.
Typical causes and solutions are shown in Figure B-5.

Table B-5
Causes and Solutions for “Chamber Pressurs Too High” Error Message
Typical Cause Solution

0 Missing o-ring somewhere | O Replace o-rings where

in system needed (Replacement o-rings
' are provided in Accessory
Kit).

D Sonic Nozzle missing QO Insert Sonic Nozzle

O Access Port Plug not in ‘O Insert or adjust Access Port
place Plug

0 Interface Cable from Q Connect interface {"Y"} cable
instrument to computer , from instrument to
not connected computer.

O Vacuum line pinched or O Remove obstruction from
obstructed between vacuum tube or adjust
instrument and vacuum position to remove pinches.
pump

O Vacuum pump of O If using the supplied
insufficient pumping - vacuum pump, it may need
capacity ' to be returned to TSI, Inc,

for service. If using another
vacuum source, such as
house vacuum, switch to a
stronger vacuum pump.

Troubleshooting . ' : . B8-3
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Table C-1

- APPENDIX C

Model 3225
Specifications

The following speciﬁcations—which are subject to change—list the

~most important features of the Model 3225 Aerosizer® DSP.

Specifications of the Model 3225 Aerosizer® DSP

Measurement techniﬁue The Hme-of-fight of individual particles is measured in an accelerating
flow field. Processing electronics measure the Hme-of-flight of the
- particle using a dual high-speed iming processor. Raw time-of-flight
data is sent to a separate computer with control and analysis software.
Particle Type Airborne solids and non-volatile liquids
Particle Size Range 0.2 to 700 pm geometric size

Maximum Particle Concentraton

900 pt/cm3 between 0.2 and 700 pm

Resolution

0.045 pm at 1.0 um diameter. 0.45 pm at 10.0 pm diameter.

Sampling Time Uscr-sclectable: programmable from 1 second to 9 hours, or manual.
Flow Rates Total flow: 21.0 = 1.0 Ipm (ratio of sheath airflow to sample afrflow is
i feedback controlled}. '

Flow Control Critical orifice (choke Bow}

Atmospheric Pressure Correction | None; available with Atnospheric Control Module {purchased separately)
Operating Temperature 10 to 35°C {50 to 95°F)
 Operating Humidity 10 to 90% RH non-condensing

Laser Source 3 mW, 670 nm Laser Diode

Detector Dual photomultipliers

Power 100-240 VAC, 50-60 Hz, 300 W, single phase

Communication Proprietary interface cable _

Dimensions (L, W, H} 715 mm x 395 mm x 225 mm (28 In. x 15.5in. x 9in.)

Weight 26.5kg (581b.)

Fuse ~T 5.0A H/250V

TSI and TSI logo are registered trademarks of TSI Incorporated.
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Manual History

The following is a manual history of the Medel 3230 Aero-
Disperser® (Part Number DQC3230).

Revision Date

Preliminary May 1999

This manual was first published May 1999.



Part Number
Copyright
Addrass

Email Address

World Wide Web Site
Fax No.

Limitation of Warranty
And Llablity

- {effective April 1996)

DOC3230 / May 1999
TSI Incorporated / May 1999 / All rights reserved

TSI Incorporated / Particle Instrument Divisiorr—Amherst / 7 Pomeroy
Lane / Amherst, MA 01002-2905 / USA

amherst@tsl.com :
www.aerosizer.com
{413} 253-6960

TS! Incorporated {hereinafter referred to as "seller”) warrants that this
product, under normal use and service as described in this manual, shall
be free from defects in workmanship and material for a period of twelve
{12} months from the date of shipment to the customer. This limited
warranty is subject to the following exclusions:

1. Batteries, hot wire or hot fillm sensors and certain components when
indicated in specifications are warranted for a period of 80 days from
the date of shipment to the customer .

2. With respect to any repair services rendered, scller warrants that the
parts repaired ot replaced will be free from defects tn workmanship
and material, under normal use, for a period of 90 days from the date
of shipment to the customer.

3. Seller does not provide any warranty on finished goods manufactured
by athers. Only the original manufacturer's warranty applies.

4. Tnless specifically authorized in a separate writing by the seller, seller
makes no warranty with re