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LIMITATION OF WARRANTY AND LIABILITY (effective July 2000)

Seller warrants the goods sold hereunder, under normal use and service as described in the
operator's manual, shall be free from defects in workmanship and material for 90 days for OEM
components, 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:

a.

Batteries and certain other components when indicated in specifications are warranted for
a period of 90 days from the date of shipment to the customer.

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.

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.

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. 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 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.





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 NO EVENT SHALL SELLER BE LIABLE FOR ANY SPECIAL,
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 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.

Service Policy

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 mal-
function is discovered, please contact your nearest sales office or representative, or call TSI at
(800) 874-2811 (USA) and (1) 651 490-2811.
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Chapter 1 - Models and Accessories

The TSI Series 4000/4100 High Performance Linear OEM Mass
Flowmeter is available in the following model numbers: 4021, 4024,

4121, and 4122.

Models 4121
4122





Models 4021
4024

Accessories

Interface Cable, mini-DIN -to- tinned wire: TSI Part Number 1303584





Model Designations

Model Gas Calibration | Flow Range Inlet Adapter Outlet Adapter
40211 Air 0 to 300 22 mm ISO 22 mm ISO
standard L/min tapered tapered
40212 Oxygen Male Male
40241 Alr 0 to 300 0.75 inch 0.75inch
40242 Oxygen standard L/min (29.1 mm) (19.1 mm)
20246 Nitrogen* straight straight
41211 | Ar 0.01 10 20 0.25 inch 0.25 inch
41212 Oxygen . . (6.4 mm) (6.4 mm)
standard L/min iah iah
41216 | Nitrogen* straight straight
41221 | Air 0.01 10 20 0.375inch 0.375inch
41222 Oxygen st.andard L/min (9.53 mm) (9.53 mm)
11226 Nitrogen* straight straight

*Nitrogen models are calibrated in air and a nitrogen correction is applied by the meter.






Chapter 2 - Measurements Available

Flow Rate Measurement

Flow rate data can be obtained through the linearized analog output
or via the serial interfaces.

Flow rate can be output in units of standard liters per minute (Std
L/min*) or in volumetric units of liters per minute (L/min). Refer to
Appendix C for a description of the two measurements. Selecting
between the two measurements is accomplished through the serial
interfaces. Refer to the Command Set section for instructions.

*TSI instruments define standard conditions as 21.1°C (70° F) and
101.3 kPa (14.7 psia, 1 bar).

Temperature Measurement

These flowmeters have an independent sensor in the flow tube to
measure the gas temperature. The information is used for internal
temperature compensation of the flow sensor element and for
converting flow from standard to volumetric units. This flow





temperature is only available through the serial digital interface. See
the Command Set section.

At flows below 1 standard L/min, the temperature inside of the flow
tube will increase several degrees because of the heat generated by
the thermal flow sensor. This effect is normal and the temperature of
the incoming gas will be measured accurately once flow resumes.

Volume Measurement

These flowmeters can measure total volume by integrating flow over
time. This measurement is available only via the serial digital
interfaces. Refer to the Command Set section for instructions on
using the volume function.





Chapter 3 - Mechanical Interface

Overall Dimensions

)
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|__ Mount SDpacing __I \
(Base Flowmeter)
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Mounting
Model A B C D E Screws

4021 - 5.12in 2.52in 1.50in 2.60in 0.63in | 8-32 UNF
4024 | (130 mm) | (64 mm) | (38 mm) | (66 mm) | (16 mm)

4121 - 3.67in 1.93in 1.11in 2.60 in 0.43in | 6-32 UNF
4122 (93 mm) | (49 mm) | (29 mm) | (66 mm) | (11 mm)

Inlet / Outlet Connections

Models equipped with male 22 mm ISO tapered, 0.25 inch,
0.375 inch, 0.75-inch straight inlet/outlet:

e Connections can be made with flexible tubing slipped over
the male ends of the inlet / outlet.

e Connections can also be made with an appropriate
compression fitting, such as those made by Swagelok® and
Parker Hannifin®. We recommend that you use nylon
compression fittings and not metal. Metal fittings put too
much stress on the flowmeter inlet / outlet stubs and can
crack them.






Models equipped with female 22 mm ISO tapered inlet/outlet:

e Connections can be made with appropriate 22 mm
ISO tapered male connectors.

Inlet / Outlet Adapter Dimensions

Inlet / Outlet Dimensions

Model L ID oD

4021 0.920 (23.37) 0.751 (19.08) 0.874 (22.20)
4024 0.795 (20.19) 0.621 (15.77) 0.749 (19.02)
4121 0.530 (13.46) 0.151 (3.84) 0.252 (6.40)
4122 0.530 (13.46) 0.276 (7.01) 0.377 (9.58)

Dimensions in inches (mm)






Chapter 4 - Design Considerations,
Mechanical

Important Safety Notes

Hydrogen Safety

These models of TSI OEM flowmeters use a heated,
platinum-coated sensor element exposed to the flow stream.
For this reason do not use these flowmeters with hydrogen
or hydrogen mixtures.

Intrinsic Safety
These models of TSI OEM flowmeters are not designed to
be intrinsically safe.

Filtration Requirements

These flowmeters have an exposed thermal flow sensor, which must
be protected from foreign matter and suspended particles in the gas
flow. Failure to provide clean gas will change the calibration and may
permanently damage the sensor. We recommend that your system be
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blown free of particles and metal shavings after manufacturing and
before the flowmeters are installed. We strongly recommend an
upstream filter with an efficiency of at least 99.9%. Do not use an oil-
impregnated filter. Consult factory for more information.

Inlet / Outlet Screens

The small screens on the inlet and outlet of the flowmeter trap dirt
and manufacturing debris. They are not a substitute for providing
clean, filtered gas. Do not operate the flowmeter without these
screens in place since the flowmeter was calibrated with them in
place.

These screens should be viewed as a “second” line of defense
against contamination. The “first” line of defense is designing the
system so that only clean gas goes to the flowmeter. Be especially
careful of assembly procedures that could introduce dirt, oil, filings,
fibers, sealants, etc., into the flow path.

There is no practical way for an end-user to clean the screens, since
it requires complete disassembly and recalibration. The instruments
must be returned to the factory for this service.
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Inlet Flow Conditioning

The airflow going into the flowmeter's measuring section normally has
a uniform flow profile. An upstream valve, regulator, or small diameter
tubing can create a non-uniform jet of gas through the flowmeter. For
best accuracy your design should avoid these devices immediately
upstream of the flowmeter. When these devices are used, they
should be at least 5 inside diameters upstream from the flowmeter
body. For Models 4021-4024: at least 5 inches (127 m). For Models
4120-4122: at least 1.5 inches (39 mm). Shorter diameters may work
depending on flow rate and change in size.

Same-size elbows and normal tubing bends do not create jetting
problems and they can be used close to the flowmeter body.

Devices on the outlet side of the flowmeter do not create jetting
problems, so anything can be used at that location.

Liquids

Never submerge the flowmeter in a liquid or allow liquid to enter the
flow tube. This may degrade accuracy or damage the internal sensor
element. Be sure that your system design does not allow condensate
or other liquids to enter the flowmeter.
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Flow Reversal/Direction - Pumps

These flowmeters are designed and calibrated for unidirectional flow.
The arrow on the body of the flowmeter indicates the correct direction.

The flowmeter cannot detect flow direction, so the output signal is the
same regardless of flow direction. If your design presents the flowmeter
with momentary flow reversals, such as during valve switching, pump
operation, etc., you will see significant errors in the measured flow.
Rotary vane pumps frequently cause this condition. Contact TSI for
methods to identify and eliminate this problem.

Mounting Orientation

These flowmeters are calibrated in a horizontal position. For the
majority of uses these meters can be operated in any position. If you
are measuring flow rates near the very bottom end of the range, we
recommend a horizontal mounting position for best accuracy.

Pressure Drop

See the Specifications section for information about the pressure drop
across the instrument at various flow rates.
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Chapter 5 - Design Considerations, Electrical

Power Requirements

5.0 VDC #0.25 Volts, 300 mA maximum

The power is supplied through mini-DIN connector

Grounding Scheme

The following are connected together inside the flowmeter:

Power Ground
Logic Ground
Analog Ground (output signal return)

Output Signal, Analog

Model 4021-4024: 0-4 Volts = 0-300 Standard L/min (default)
Model 4121-4122: 0-4 Volts = 0-20 Standard L/min (default)
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Important

Since the (-) side of the analog output is connected to the
common power/logic ground, you must use a differential
input on any device used to measure this analog output
signal. Failure to use a differential input will result in
measurement errors.

The zero intercept and the scaling factor can be changed via the
RS232 commands SAZnnn and SASnnn. See Appendix C for
complete information.

Digital Interfaces

The following data is available from the digital interfaces: flow rate,
temperature, and volume.

Device options can be changed via the digital interfaces. These

options include: flow units, sample rate, volume trigger levels, analog
output zero and full scale, standard/volumetric flow measurement.
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Device information is also available via the digital interfaces. This
includes SN, model number, calibration date, the current status of all
device options, and calibration gas.

See Appendix C for complete command set.
All models are RS-232 Bi-directional Interface
Type: 38,400 baud, 8 bit, no parity, 1 stop bit, no flow control.

This meter can be connected to a RS-232 port of a computer by
connecting a 9 pin female D-Sub to the cable. Note that you still need
to provide power separately through the black and green wires.
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Pin-out for Mini-DIN Connector

Mini-DIN pin-out and cable color code

Color code for
TSI cable with Computer
Mini-DIN tinned wires. female 9 pin
Pin No. Function PN 1303584 D-Sub
1 Power Input (+5V) Black
2 Power Ground Green
3 Analog Output (+) Red
4 Analog Ground (-) Brown
5 Analog Pressure Input Blue
()
6 RS-232 Receive (in) White 3
7 RS-232 Transmit (out) Yellow 2
8 Logic Ground Gray 5

16
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Chapter 6 - 1/0 Signal Description
RS-232 Bi-Directional Interface

Type: 38,400 baud, 8 bit, no parity, 1 stop bit, no flow control. Used
to output the flow rate, volume, and temperature signals as well as to
select options and modify operating parameters. See Appendix C.

Analog Output of Mass Flow Rate

Factory default: 0—4.0 VDC corresponding to 0 to the full scale flow
capabilities of the meter. Zero flow and Full Scale flow rate can be re-
scaled via the digital serial interface. See Command Set section.

The response of the analog output can be changed by altering the

sample rate (see Command Set section). Note that changing the
sampling rate affects both the analog output and the digital outputs.

Optional User-Supplied Pressure Signal

In some applications you can enhance the accuracy of the mass flow
reading by supplying a signal corresponding to the actual, absolute
pressure in the flow tube. The flowmeter uses this information to

18





slightly improve the accuracy of the air density calculation for SLPM.
See Appendix B.

Analog Input: 0.0-2.0 VDC corresponds to 0 to 101.30 kPa
(absolute). Max input =4.0 V

Digital Input of Pressure Data: Pressure data can be sent to the
instrument via the digital interface. See Appendix C.
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Chapter 7 - Specifications

Models 4021
through 4024

Models 4121
through 4122

Flow Measurement
Measurement Range

Accuracy

0 to 300 Std L/min.

Air and O3: 2% of
reading or 0.05 Std
L/min, whichever is
greater, at 21.1°C and
101.3 kPa. See notes 1
through 6 below.

0.01 to 20 Std L/min.

Air and O: 2% of
reading or 0.005 Std
L/min, whichever is
greater, at 21.1°C and
101.3 kPa. See notes 1
through 6 below.
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Models 4021
through 4024

Models 4121
through 4122

Accuracy (continued)

Response

Flow Units

Digital Output
Resolution

N2: 3% of reading or
0.10 Std L/min, which
ever is greater, at 21.1°C
and 101.3 kPa. See
notes 1 through 6 below.

Less than 4 msec, 63%
of final value at full scale
flow.

Std L/min or volumetric
L/min. Selectable via
serial port.

0.01 L/min

N2: 3% of reading or
0.010 Std L/min, which
ever is greater, at
21.1°C and 101.3 kPa.
See notes 1 through 6
below.

N2O: 5% of reading or
0.010 Std L/min, which
ever is greater, at
21.1°C and 101.3 kPa.
See notes 1 through 6
below.

Less than 4 msec, 63%
of final value at full
scale flow.

Std L/min or volumetric
L/min. Selectable via
serial port.

0.001 L/min
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Models 4021
through 4024

Models 4121
through 4122

Analog Flow Output
Range

Resolution
Maximum Current

0to 4.0V =0to 300 Std
L/min (can be re-scaled
via serial interface
command)

13 bit

10 mA

0to 4.0V =0to 20 Std
L/min (can be re-scaled
via serial interface
command)

13 bit

10 mA

Volume
Measurement Range
Accuracy

0.01 to 999.9 Liters
2% of Reading at flows
greater than 2.5 Std
L/min.

See notes 1 through 5
below.

0.01 to 99.9 Liters

2% of Reading at flows
greater than 2.5 Std
L/min.

See notes 1 through 5
below.
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Models 4021
through 4024

Models 4121
through 4122

Temperature
Measurement Range
Accuracy

Response

0 to 50°C

+1°C, at flows greater
than 1 L/min. See note 2
below.

Less than 75 msec, 63%
of final value for 20°C
step change in
temperature at full scale
flow.

0to 50°C

+1°C, at flows greater
than 1 L/min. See note
2 below.

Less than 75 msec,
63% of final value for
20°C step change in
temperature at full scale
flow.

Digital Interface

RS232: bi-directional,
38.4 k baud, 8 bit, no
parity, 1 stop bit, no flow
control.

See Appendix C for
command set.

RS232: bi-directional,
38.4 k baud, 8 bit, no
parity, 1 stop bit, no flow
control.

See Appendix C for
command set.

Optional Pressure
Input

Via digital or analog
input.

Via digital or analog
input.

Burst Pressure

Tested to 690 kPa (100
psig) without rupture.
Do not exceed 690 kPa
(100 psig).

Tested to 690 kPa (100
psig) without rupture.
Do not exceed 690 kPa
(100 psig).
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Models 4021
through 4024

Models 4121
through 4122

Pressure Drop

See figure below

See figure below

Instrument Temp.
Range

Operation, Ambient
Storage, Ambient

0to 50°C
-20 to 60°C

0to 50°C
-20 to 60°C

Gas Calibrations

Flowmeter must be
calibrated to the
specified gas. Consult
factory.

Flowmeter must be
calibrated to the
specified gas. Consult
factory.

Physical

Dimensions

External Dimensions

Inlet/Outlet Options

Weight

Flow Body Material
Wetted materials

See Chapter 3.

See Chapter 3.
170 grams

Polycarbonate
Polycarbonate, gold,
platinum, alumina, Sn/Pb
solder

See Chapter 3.

See Chapter 3.
63 grams

Polycarbonate
Polycarbonate, gold,
platinum, alumina,
Sn/Pb solder

Power
Requirements

Power supplied through
interface connector.

5.0 VDC +0.25 V, 300
mA maximum

Power supplied through
interface connector.

5.0 VDC +0.25V, 300
mA maximum.
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1  Accuracy stated at standard conditions of 21.1°C and 101.3 kPa.
¢ Add an additional 0.075% of reading per 1°C away from standard conditions
when operating within the range of 0°C to 50°C.
¢ Add an additional 0.015% of reading per 1 kPa above 101.3 kPa when pressure
compensated and operating within the pressure range of 70 kPa to 170 kPa.
¢ Add an additional 0.022% of reading per 1 kPa below 101.3 kPa when pressure
compensated and operating within the pressure range of 70 kPa to 170 kPa.
2 Accuracy stated with gas temperature and flow body temperature within £10°C of
one another.

3 Accuracy stated measuring dry gas (less than 10% R.H.). Consult factory if % RH
> 10%

Includes +£0.5% of reading repeatability.

5  Volumetric flow rate (L/min) is calculated from the mass flow measurement (Std
L/min). The accuracy of the volumetric flow rate depends in part on the flow tube
pressure reading that is supplied to the device or assumed by the device. Consult
factory for more information.

6  Add 1mV additional uncertainty for analog output. Note that the analog output can
be rescaled to reduce the effect of this error

Specifications subject to change without notice.
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Appendix A - Back-Pressure and Barometric
Pressure - Effect on Accuracy

Even though thermal flowmeters are inherently mass flowmeters (flow
is independent of gas density), there is a pressure component related
to Mach number which cannot be accounted for without knowing the
gas pressure. The 4000/4100 High Performance Linear OEM Mass
Flowmeters accept an external pressure signal that the flowmeter can
use to perform pressure compensation. The flow rates measured by
these devices assume a flow tube pressure of 101.3 kPa (14.69 psia).
Deviation from this pressure may require a correction for optimum
accuracy. Common causes of pressure deviation include normal
system backpressure and changes in barometric pressure due to
weather and altitude.

If the typical deviation from this “standard pressure” is minor, you may
not need to make any correction. See the following chart to determine
the additional uncertainty due to changing pressure.

If your application requires improved accuracy, the correction for
pressure can be done in two ways:
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1. Store a fixed pressure value in the instrument. If the typical actual
pressure is known and relatively constant, you can store the
estimated pressure in the instrument’'s memory. You can enter this
fixed pressure via any of the serial protocols. Examples of this
method include a relatively constant backpressure caused by
downstream hardware or a correction for high altitude operation.
The default pressure is 101.3 kPa. This pressure cannot be saved
in the nonvolatile memory—your system must refresh this data
each time the flowmeter is powered up or reset. See command
SPnnn.nn in Appendix C for more information. See the Command
Set sections.

2. Supply a real-time pressure signal to the flowmeter. If you need the
best possible accuracy or if the pressure fluctuates greatly during
normal operation, you should supply the flowmeter with a signal
from a calibrated, user-supplied pressure sensor. This pressure
information can be supplied to the instrument via any of the serial
interfaces. The meter also accepts an analog pressure input
signal. See the Command Set section.

See the graphs on the following page for the effects of pressure at
various flow rates.
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Error due to pressure
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Appendix B - Standard Flow Rate vs.
Volumetric Flow rate

Since thermal flow sensors are sensitive to changes in air density and
air velocity, all thermal flowmeters indicate flow rates with reference to
a set of standard conditions. For TSI instruments, standard conditions
are defined as 21.1°C (70°F) and 101.3 kPa (14.7 psia). Other
manufacturers may use different values.

Standard flow rate is the flow rate the air would be moving if the
temperature and pressure were at standard conditions. It is usually
the most useful measure of airflow because it defines the heat-
carrying capacity of the air.

Volumetric flow rate is the true volume flow of the gas exiting the
flowmeter.

In some instances, volumetric flow rate rather than standard flow rate
may be of interest. To output the volumetric flow rate, the instrument
will multiply the standard flow measurement by the following density
correction factor:
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Where Q = Standard flow rate
T = Absolute temperature of gas in flow tube
P = Absolute pressure in flow tube

TSI flowmeters use Tstd = 21.11°C and Pstd = 101.3 kPa
absolute

Example:

The mass flow rate measured by the flowmeter is 100 Std L/min at

15°C and 117.0 kPa. The flowmeter calculates and outputs the
volumetric flow as follows.

o
VolumetricFlow = (100 std L/min)[ 273.15+15°C )[101-3 kPa

=84.78L/ min
273.15+21.11°C \ 117.0kPa
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Appendix C - Digital Serial Interface

Command Set Summary

Data Format
The serial interface settings are fixed as follows:

Baud Rate............... 38,400

Data Bits ................. 8

Parity......ccoccveenne None

Stop BIitS ....cvveeeeee 1

Flow Control............ None
Buffering

The flowmeter has an internal software buffer for both transmit and
receive operations. Both buffers are 50 bytes long.

Command Format

The serial interface commands in this appendix are designated by the
larger bold font (ex. DmMFTPnnnn). The commands are case
sensitive. Upper case letters are used throughout the command set
except as designated.
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These flowmeters use ASCII characters as the input command set.
Each command sent to the flowmeter must be terminated by a
carriage return (CR = 0x0d). Line feeds (LF = Ox0a ) are ignored.

Some commands allow you to choose either ASCII or binary format
for the returned data. Binary data transfers allow for faster operation.

Some operating parameters can be stored in nonvolatile memory to
serve as the new power-on defaults (example: sample rate, gas
calibration, etc). After selecting the new operating parameter value,
initiate the SAVE command to permanently store this new value. If
the SAVE command is not initiated, the change to the operating
parameter will be lost when the flowmeter is turned off. The factory
default operating parameters can always be reset by initiating the
DEFAULT command.

The meter send an acknowledge sequence to confirm that the
command was received. For ASCII commands, the acknowledge
sequence is “OK” <CR> <LF>. For binary commands, a single byte,
0x00 is returned.
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Commands for Flow Rate, Volume, and
Temperature Measurement

DmFTPnnnn Returns Flow rate and Temperature data at an
interval equal to the sample rate.

Vmnnnn Returns a volume measurement by integrating
flow rate over time.

Measurement Setup Commands

SBTxtnnn.nn  Sets the begin-trigger level for starting data

acquisition.

SETxxnnn.nn  Sets the end-trigger level for stopping data
acquisition.

CBT Clears the begin-trigger level.

CET Clears the end-trigger level.

SSRnnnn Sets the sample rate at which the data is returned.

SGn Sets the gas output to be used.

SUn Select either Standard or Volumetric units of flow.

SPnnn.nn Sets the pressure to be used for internal pressure
compensation.
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SASnnn
SAZnnn
SSRnnnn

Rxx

SAVE

DEFAULT

SN
MN
REV
DATE
?

Setup Commands for Analog Output

Sets the full-scale flow rate of the analog output.
Sets the zero intercept for the analog output.
Sets the sample rate at which the data is returned.

Miscellaneous Commands

Reads the current values of the changeable
operating parameters.

Saves the current values of changeable operating
parameters to nonvolatile memory.

Restores the values of changeable operating
parameters to factory default settings.

Returns the serial number of the flowmeter.
Returns the model number of the flowmeter.

Returns the internal firmware revision of the
flowmeter.

Returns the date of the last calibration.

Ping command used to tell if the flowmeter is
communicating. Returns “OK”.
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Command Set

DmFTPnnnn

Returns Flow, Temperature, and Pressure data at an interval equal to
the sample rate.

The data is returned in the order of Flow, Temperature, and Pressure.
All three measurements may be requested or a combination of the
three as indicated below.

D
m

Denotes data transfer.

Denotes data format: A = ASCIl (comma delimited),

B = binary, C = ASCII (<CR> delimited).

Requests a flow reading (replace with lower case ‘X’ if a flow
reading is not desired).

Flow data is returned in units of Standard L/min or L/min (see
SUs command).

Requests a temperature reading (replace with a lower case
‘X" if a temperature reading is not desired). Temperature data
is returned in units of °C.
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P Requests a pressure setting (replace with a lower case ‘X’ if a
pressure reading is not required). Pressure data is returned in
units of kPa. This is the pressure set for compensation.
Default value is 101.32 kPa.

nnnn  Denotes maximum number of samples to return, range is 1 to
1000. (‘0500’ denotes 500 readings, leading zeros must be
included.)

Example 1) DAFxP0250 Request 250 readings of flow and
pressure data in comma delimited ASCII
format.

Example 2) DBxTx1000 Request 1000 readings of temperature in
binary format.

Example 3) DCFxx0500 Request 500 readings of flow in comma /
<CR> delimited ASCII format.

Before initiating this command, the sample interval, gas calibration,
and flow units should be set using the SSRnnnn, SGn, and SUs
commands.

The data can be returned in two different ASCIl modes or in binary.
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ASCII Modes

Mode A — ASCIl, comma delimited

If the comma delimited ASCII mode is chosen, the acknowledge
sequence of “OK” <CR> <LF> is sent followed by the data. The
readings returned are separated by commas and the termination
sequence is a <CR> <LF>.

If the command generated an error, an error code “ERRn” <CR>
<LF> will be returned where n represents an error code 0 through 9.
See the end of this section for a list of possible error codes.

Mode C — ASCII, comma/<CR> delimited

This mode is useful if the captured data will be imported into a
spreadsheet program. If Mode C is chosen, the acknowledge
sequence of “OK” <CR> <LF> is sent followed by the data. If you
requested only one parameter, the returned data will be separated by
<CR> <LF>. If you requested more than one parameter, these
parameters will be separated by a comma. Each group of readings
will then be separated by <CR> <LF>. The termination sequence is
<CR> <LF>.

If the command generated an error, an error code “ERRn” <CR>
<LF> will be returned where n represents an error code 0 through 9.
See the end of this section for a list of possible error codes.
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Binary Mode

If binary mode is chosen, a single byte, 0x00, will be returned, as a
command acknowledgment. If a command generated an error, then a
single byte will be returned in place of the acknowledgment byte. See
the end of this section for a list of error codes. Each reading returns
two bytes. The most significant byte is returned first. Flow rate and
pressure data are returned as an unsigned integer (0 to 65535) that
has been multiplied by 100. Temperature data is returned as a signed
integer (-32768 to 32767) that has been multiplied by 100. To convert
the returned data, back to its original form, divide the data by 100.
Binary transfers terminate, by returning two bytes, in the form OxFF
OxFF. Check the first reading in each block of data returned (flow,
temperature, and pressure), from the unit, for the terminating
sequence. No termination sequence will be sent if an error condition
occurred. Special note: a temperature reading of—0.01°C would be
transmitted as OxFF OxFF and could signal an early termination if flow
readings were disabled.

Data Acquisition for flow, temperature, and pressure

If no begin-trigger is set, the data acquisition begins immediately
upon processing of the command. If a begin-trigger is set (set with
SBTxtnnn.nn), the data acquisition begins as soon as the begin-
trigger condition is detected. If no end-trigger is set, nnnn samples will
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be used in the integral. If an end-trigger is set (set with
SETxxnnn.nn), the acquisition will stop either when the end-trigger
condition is detected or when nnnn samples has been acquired,
whichever comes first. After the command is finished, a termination
sequence is sent to signal the end of the transfer.

Example 4) DAFxx0005 Request 5 samples of flow in comma
delimited ASCII format (assume begin-trigger is not
set).

Flowmeter returns the acknowledgement “OK” <CR>
<LF> followed by the flow data and termination
sequence 1.10,1.20,1.25,1.23,1.20,1.10 <CR> <LF>

Example 5) DCFTxx0003 Request 3 samples of flow and
temperature in comma / <CR> delimited ASCII format
(assume begin trigger is not set).

Flowmeter returns the acknowledgement “OK” <CR>
<LF> followed by (flow) comma (temperature) <CR>
<LF> (flow) comma (temperature) <CR> <LF> (flow)
comma (temperature) <CR> <LF>

After importation into a spreadsheet it might look like
this:
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(flow)

(temperature)

61.22

19.02

60.01

19.00

59.10

19.00

59.24

18.96

59.38

18.95

Example 6) DBFxx0005 Request 5 samples of flow in binary
format (assume begin-trigger is not set).

Flowmeter returns the single byte acknowledgement
0x00 followed by the flow data and termination
sequence: 0x33 0x09 0x33 Ox1f 0x33 0x25 0x33
0x2d 0x33 0x2e OxFF OxFF

After conversion, the data would look like this:
130.65 130.87 130.93 131.01 131.02

Vmnnnn

Returns a volume measurement by integrating flow rate over time.

\Y Denotes volume measurement.
m Denotes data format: A = ASCII, B = binary.
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nnnn  Denotes maximum number of flow samples to integrate,
range is 1 to 9999. (‘0500’ denotes 500 readings, leading
zeros must be included.)

Example 1) VA2000 Request a single volume reading by integrating
a maximum of 2000 flow samples and return data in ASCII format.

Volume data is returned in units of standard liters or volumetric liters.
The units of standard or volumetric is set using the SUs command.
The most common units are volumetric liters.

Before initiating this command, the sample interval, gas calibration,
and volume units should be set.

The sample interval between data points is set using the SSRnnnn
command.

The gas calibration is set using the SGn command.
The data can be returned in either ASCII or binary.

If the ASCII mode is chosen, the acknowledge sequence is “OK”
<CR>< LF>. Data acquisition begins as soon as the begin-trigger
condition is detected. The termination sequence is a <CR> <LF>. If
the command generated an error, instead of “OK” <CR> <LF> being
returned, an error code “ERRn” <CR> <LF> will be returned where n
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represents an error code 0 through 9. See the end of this section for a
list of possible error codes.

If the binary mode is chosen, the acknowledge sequence is a single
byte 0x00. Data acquisition begins as soon as the begin-trigger
condition is detected. The reading is represented by 2 bytes. The
most significant byte is returned first. The data is represented as an
unsigned integer (0 to 65535) that has been multiplied by 100.
Therefore, you must divide the integer that is returned by 100 to get
the correct result. The termination sequence for binary is OxFF OxFF.
If the command generated an error, instead of 0x00 being returned a
single byte error code will be returned. See the end of this section for
a list of possible error codes.

Data Acquisition for Volume

If a begin-trigger has not been set, the data acquisition begins
immediately upon processing of the command. If a begin-trigger has
been set (set with SBTxxnnn.nn), the data acquisition begins as
soon as the begin-trigger condition is detected. If no end-trigger is
set, then nnnn samples will be used in the integral. If an end-trigger is
set (set with SETxtnnn.nn), the acquisition will stop either when the
end-trigger condition is detected or when nnnn samples has been
acquired which ever comes first. After the command is finished, a
termination sequence is sent to signal the end of the transfer.
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Example 2)

Example 3)

VA1000 Request volume measurement with at most
1000 samples, data returned in ASCII.

Flowmeter immediately returns the acknowledgement
OK <CR> <LF>. After the end of the data acquisition
period when the end-trigger condition is detected or
when the specified number of samples have been
collected, volume data is transmitted followed by the
termination sequence: 130.651 <CR> <LF>

VB1000 Request volume measurement with at most
1000 samples with the data returned in binary.

Flowmeter returns the single byte acknowledgement
0x00. At the end of the data acquisition period when
the end-trigger condition is detected or when the
specified number of samples have been collected,
volume data is transmitted followed by the
termination sequence: 0x33 0x09 OxFF OxFF. After
conversion, the data would look like: 130.65
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SBTx£nnn.nn
Sets the begin-trigger level for starting the data acquisition.

SBT  Denotes set begin-trigger.

X Denotes trigger source: F = flow, P = pressure.
+ Denotes positive or negative trigger: + = positive, - =
negative.

nnn.nn Set trigger level (‘001.00’ could denote 1.00 Std L/min,
leading and trailing zeros must be included).

The set trigger level stays in effect until cleared using the CBT
command. The trigger level is also cleared when the flowmeter is
turned off or the DEFAULT command is initiated. The SAVE
command does not save this parameter

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent. If the command generated an error instead of
“OK” <CR> <LF> being sent, an error code of “ERRn” <CR> <LF> will
be sent. See the end of this section for a list of possible error codes.

Example 1) SBTF+002.00 Sets a begin-trigger level at a flow of 2.00
Std L/min with positive slope.
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SETxxnnn.nn
Sets the end-trigger level for stopping data acquisition.

SET Denotes set end-trigger.

Denotes trigger source: F = flow.

Denotes positive or negative trigger: + = positive, - =

negative.

nnn.nn Sets trigger level (‘001.00’ could denote 1.00 Std L/min,
leading zeros must be included).

H+ X

The set trigger level stays in effect until cleared using the CET
command. The trigger level is also cleared when the flowmeter is
turned off or the DEFAULT command is initiated. The SAVE
command does not save this parameter.

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent. If the command generated an error instead of
“OK” <CR> <LF> being sent, an error code of “ERRn” <CR> <LF> will
be sent. See Appendix A for a list of possible error codes.

Example 1) SETF-002.00 Sets an end-trigger level of a flow of 2.00
Std L/min with negative slope.
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CBT

Clears the begin-trigger level that was set with SBTx+nnn.nn. Begin-
trigger function is disabled. The flowmeter will return an acknowledge
sequence of “OK” <CR> <LF> as a response.

Example 1) CBT

CET

Clears the end-trigger level that was set with SETxtnnn.nn. End-
trigger function is disabled. The flowmeter will return an acknowledge
sequence of “OK” <CR> <LF> as a response.

Example 1) CET

SSRnnnn

Sets the sample rate at which the data is returned.

SSR  Denotes set sample rate.

nnnn  Denotes humber of milliseconds per sample, range 1 to 1000.

(‘0005’ denotes 5 milliseconds per sample, leading zeros
must be included).
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In addition to setting the sample rate at which data is accessed
through the serial port, this command also controls the update rate of
the D/A for the linearized analog flow output signal.

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent. If the command generated an error, an error code
of “ERRN” <CR> <LF> will be sent. See the end of this section for a
list of possible error codes.

Use the SAVE command to permanently store the selected sample
rate as the new power-on default.

Example 1) SSR0010 Sets the sample rate to 10 ms per sample

SGn

Sets the gas calibration to be used. Air meters can output signals for
more than one gas (see Chapter 1). This command is used to select
the desired gas signal output. The default value is specified by the
model number. e.g., 4024-6, the default value is nitrogen. Note:
oxygen meters will only output oxygen and other meter cannot output
oxygen. Also, nitrous oxide is only available on 20 L/min maximum
flow rate versions.
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SG Denotes set gas.
n Denotes the gas calibration desired. 0=Air, 1=100% O,,
2=100% N,0, 6=100% N,.

300 L/min meter air and nitrogen meter can output either air or
nitrogen signals.

20 L/min air, nitrous oxide and nitrogen meters output air, nitrous
oxide and nitrogen signals.

Both 300 L/min and 20 L/min oxygen meter can only output oxygen
signal.

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent. If the command generated an error instead of
“OK"” <CR> <LF> being sent, an error code of “ERRn” <CR> <LF> will
be sent. See the end of this section for a list of possible error codes.
Use the SAVE command to permanently store the selected gas
calibration as the new power-on default.

Example 1) SGO Sets the gas calibration to air.
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SuUn

Select either Standard or Volumetric units of flow for data received
through the serial port.

SuU Denotes whether flow is measured in Standard units or
Volumetric units.
n Denotes which units. S = Std L/min, V = Volumetric L/min.

The 4000 and 4100 series flowmeters are designed to measure flow
in units of standard L/min. When selecting volumetric L/min, they
perform a flow correction as shown below by measuring gas
temperature and pressure. Flow output in volumetric L/min is less
accurate due to additional uncertainties encountered when measuring
gas temperature and pressure.

VolumetricFlow = Q * ( Tm j( Pstdj

Tstd )\ Pm

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent. If the command generated an error instead of
“OK” <CR> <LF> being sent, an error code of “ERRn” <CR> <LF> will
be sent. See the end of this section for a list of possible error codes.
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Use the SAVE command to permanently store the selected flow units
as the new power-on default.

Example 1) SUS Selects units of Std L/min for flow rate

SPnnn.nn

Sets the pressure to be used for internal pressure compensation and
for conversion from standard L/min to volumetric L/min. The unit will
default to 101.3 kPa on power up.

SP Denotes Set Pressure.
nnn.nn Denotes pressure in kPa.

For units with an analog pressure input, setting this SP parameter to
0 kPa will enable the analog pressure input.

The SAVE command will only save whether the analog pressure
input is enabled or disabled. The unit will always power up either with
analog pressure input enabled or to the default value of 101.3 kPa.

Example 1) SP108.00 Sets pressure value for calculation to 108.00
kPa

Example 2) SP000.00 Enables analog pressure input
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SASnnn
Sets the full-scale flow rate of the analog output.

SAS Denotes set scaling factor.

nnn Sets full-scale flow rate output (range: 1 to 300 Std L/min) =
4.0 Volts output. (‘010" denotes 10 Std L/min, leading zeroes
must be included.)

The linearized analog output can be configured for various full-scale
flow rate values. The factory default is the full scale for of the meter.
This value can be changed to improve the resolution of the analog
signal by narrowing the range of flow.

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent. If the command generated an error instead of
“OK” <CR> <LF> being sent, an error code of “ERRn” <CR> <LF> will
be sent. See the end of this section for a list of possible error codes.

Use the SAVE command to permanently store the new full-scale flow
value as the new power-on default.

Example 1) SAS100 Sets scaling of analog output to 100 Std L/min
= 4.0 Volts
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SAZnnn

Sets the zero intercept for the analog output. The zero intercept nnn
is in units of mV. If nnn = 010, at zero flow the analog output will be
10 mV. This command will accept a negative offset formatted as
SZ-nnn. The zero adjustment range is =100 mV to 100 mV. Note that
this command sets the zero intercept only and is not a true “zero
adjust.” The analog output cannot go negative.

SAZ  Denotes Set Analog Zero intercept.
nnn Denotes number of mV for the zero flow intercept.

Use the SAVE command to permanently store the new zero intercept
value as the new power-on default.

Example 1) SAZ030 Sets zero intercept of zero flow to +30 mV

Example 2) SAZ-050 Sets zero intercept of zero flow to —=50 mV.
Note that the analog output cannot go negative.

SSRnnnn
Sets the sample rate that the data is returned at.

SSR  Denotes set sample rate.
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nnnn  Denotes number of milliseconds per sample, range 1 to 1000.
(‘0005’ denotes 5 milliseconds per sample, leading zeros
must be included.)

In addition to setting the sample rate at which data is accessed
through the serial port, this command also controls the update rate of
the D/A for the linearized analog flow output signal.

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent. If the command generated an error, an error code
of “ERRN” <CR> <LF> will be sent. See the end of this section for a
list of possible error codes.

Use the SAVE command to permanently store the selected sample
rate as the new power-on default.

Example 1) SSR0010 Sets the sample rate to 10 ms per sample

Rxx
Reads the current values of changeable operating parameters.

R Denotes read current values.
XX xx = AS Read analog flow rate scaling factor (returns 1 to
300).
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XX =AZ
xx =BT
XX =ET
xx =G
XX =P
XX = SR
xx=U

Read analog zero intercept (returns —100 to 100)
Read begin-trigger value (returns xxnnn.nn).

Read end-trigger value (returns xxnnn.nn).

Read gas calibration (returns 0 to 6).

Read the current pressure setting (returns 0 to 200)
Read rate (returns 0 to 1000).

Read flow units (returns S or V).

Returns current values in ASCII format. Leading zeroes are not

returned.

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent followed by the data and by the termination
sequence <CR> <LF>. If the command generated an error instead of
“OK” <CR> <LF> being sent, an error code of “ERRn” <CR> <LF> will
be sent. See the end of this section for a list of possible error codes.

Example 1) RU Read flow units. Returns “OK” <CR> <LF> “S”

<CR> <LF>
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SAVE

Saves the current values for changeable operating parameters to the
internal nonvolatile memory. The flowmeter will be restored to this
configuration when powered up. The following parameters are saved:

Analog Pressure Input enable (see SPnnn.nn command)
Analog full scale flow rate (SASnnn)

Analog zero intercept (SAZnnn)

Gas (SGn)

Sample Rate (SSRnnn)

Flow Units (SUnN)

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent. If the command generated an error, an error code
of “ERRn” <CR> <LF> will be sent. See the end of this section for a
list of possible error codes.

DEFAULT

Returns the values for sample rate, calibration gas,
standard/volumetric flow units, and analog output scaling to the
default factory settings. To make these values the new power-on
default, the SAVE command must be executed following the
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DEFAULT command. This command also clears both the begin- and
end-trigger values.

Example: The normal factory default parameter settings are:
Analog Pressure Setting: 101.3 kPa
Sample Rate: 10 ms
Gas Calibration: 0 = Air
Flow Units: Standard
Analog Output Scaling: The full scale flow rate of the
meter.
Analog Zero Intercept: 0 mV
Beginning Trigger Disabled
End Trigger Disabled

Depending on the configuration of your flowmeter, these default
settings may be different.

After the command is processed, an acknowledge sequence of “OK”
<CR> <LF> is sent. If the command generated an error, an error code
of “ERRN” <CR> <LF> will be sent. See the end of this section for a
list of possible error codes.
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SN

Returns the serial number of the flowmeter in ASCII. The serial
number is an alpha-numeric string terminated by a <CR> <LF>. The
string can be a maximum of 16 characters in length plus the
terminating <CR> <LF>. If the command generated an error, an error
code of “ERRNn” <CR> <LF> will be sent. See the end of this section
for a list of possible error codes.

Example 1) SN Returns “40249806004" <CR> <LF>

MN

Returns the model number of the flowmeter in ASCII. The model
number is an alpha-numeric string terminated by a <CR> <LF>. The
string can be a maximum of 12 characters in length plus the
terminating <CR> <LF>. If the command generated an error, an error
code of “ERRNn” <CR> <LF> will be sent. See the end of this section
for a list of possible error codes.

Example 1) MN Returns “4024” <CR> <LF>
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REV

Returns the internal firmware revision of the flowmeter in ASCII. The
revision is an alpha-numeric string terminated by a <CR> <LF>. The
string can be a maximum of 3 characters in length plus the
terminating <CR> <LF>. If the command generated an error, an error
code of “ERRNn” <CR> <LF> will be sent. See the end of this section
for a list of possible error codes.

Example 1) REV Returns “1.0” <CR> <LF>

DATE

Returns the date of the last calibration in ASCII. The format of the
string is “month/day/year.” The date is an alpha-numeric string
terminated by a <CR> <LF>. The string can be a maximum of 8
characters in length plus the terminating <CR> <LF>. If the command
generated an error, an error code of “ERRn” <CR> <LF> will be sent.
See the end of this section for a list of possible error codes.

Example 1) DATE  Returns “12/24/03” <CR> <LF>
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?

This is a ping command used to tell if the flowmeter is
communicating. The flowmeter will return an acknowledge sequence
of “OK” <CR> <LF> as a response.

Example 1) ? Returns “OK” <CR> <LF>

Error Codes

1

Unrecognizable command — The flowmeter uses the length
of the command and the first few letters (how many letters
depends on the command) to recognize a valid command.

Number out of range — The number entered as the operand
to a command was out of the specified range or
unrecognizable.

Invalid mode — One or more requested options to a
command were invalid.

Command not possible — The supplied operands describe a
command that is beyond the functional capability of the
flowmeter.

Internal error — An internal failure was detected.
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Seller warrants the goods sold hereunder, under normal use and service as
described in the operator's manual, shall be free from defects in workmanship and
material for (12) months, or 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:

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. 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.

c. 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.

d. 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.

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 NO EVENT SHALL SELLER BE LIABLE FOR ANY SPECIAL,
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 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's Customer Service department at 1-800-874-2811
(USA) or (651) 490-2811.
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Safety

This section provides instructions to ensure safe and proper
operation and handling of the Model 3772/3771 Condensation
Particle Counter (CPC).

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

Laser Safety

The Model 3772/3771 CPC 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 light can cause blindness.

Take these precautions:

O Do not remove any parts from the CPC unless you are
specifically told to do so in this manual.

O Do not remove the CPC housings or covers while power is
supplied to the instrument.

WARNING

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

Chemical Safety

The Model 3772/3771 CPC uses n-butyl alcohol (butanol) as a
working fluid. Butanol is flammable. Butanol is also toxic if
inhaled. Refer to a Material Safety Data Sheet for butanol and take
these precautions:

U Use butanol only in a well-ventilated area. Under normal
operating conditions butanol is exhausted into the air at
approximately 0.015 g per minute.
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U Butanol vapor is identified by its characteristically strong odor
and can easily be detected. If you smell butanol and develop a
headache, or feel faint or nauseous, leave the area at once.
Ventilate the area before returning.

Caution

Butanol is flammable. Butanol is also potentially toxic if inhaled. Use butanol only
in a well-ventilated area. If you smell butanol and develop a headache, or feel
faint or nauseous, leave the area at once. Ventilate the area before returning.

WARNING

Although the CPC is appropriate for monitoring inert process gases such as
nitrogen or argon, it should not be used with hazardous gases such as hydrogen
or oxygen. Using the CPC with hazardous gases may cause injury to personnel
and damage to equipment.

Description of Safety Labels

This section acquaints you with the advisory and identification
labels on the instrument and used in this manual to reinforce the
safety features built into the design of the instrument.

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.
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Caution or Warning Symbols

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

Warns you that uninsulated voltage within the instrument 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 contains a laser and that important
information about its safe operation and maintenance is included.
Therefore, you should read the manual carefully to avoid any
exposure to hazardous laser radiation.

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

©p> >~

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

Labels

Advisory labels and identification labels are attached to the outside
of the CPC housing and to the optics on the inside of the
instrument. Labels for the Model 3772/3771 CPC are described

below:

1. Serial Number label (back panel)

C € Model |377200
Date [JANUARY 2006

SN; T
R
800 C gan Road
St. Paul, Minnesota 88124

18008742811
6514902811 Made In V.BA.

optics housing)

2. Laser Radiation label (located internally on the

LASER RADIATION WHEN
OPEN AVOID DIRECT
EXPOSURE TO BEAM

3.Electrical shock caution label

CAUTION

To avold elecirical shock, the
power cond protective grounding
conductor must be connected
10 sarth ground.

4. Laser device compliance label

Class I Laser Produot
This product Is In complete
COm)|

pllance with
21 CFR 1040.10 and 1040.11

Safety






5. Caution label

6. WEEE Directive label (Waste Electrical and

Electronic Equipment). (Item must be recycled

properly.) —

7. French language electrical safety and laser IMPORTANT Laser de Classe I

compliance labels Pour éviter Pélectrocution, le Ce prodult répond
connecteur du cAble de masse aux normes
kil 21 CFR 1040.10 et 1040.11

8. ETL label for safety certification ETL LISTED

SAFETY REQUIREMENTS FOR
!l!l:l'ﬂlﬂl E“IIII’HEIIHUH

m onfnn USE
s NERAL

2003359

L I!EIITIHEIITIIEIIIGSII‘.H!II for0.

9. TSI Service label

For Service and Information
Contact TSI Customer Service
www.tsi.com

— 500 Cardigan Road

Shoreview, MN 55126
U.S.A.

10. Saturator Wick Removal caution label
CAUTION

Pull out inlet tube
prior to removing saturator
wick
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About This Manual

Purpose

This is an operation and service manual for the Model 3772/3771
Condensation Particle Counter (CPC).

Organization

The following is a guide to the organization of this manual:

a

Chapter 1: Product Overview

This chapter gives an introduction to the Model 3772/3771
Condensation Particle Counter, a list of features, and a brief
description of how the instrument works.

Chapter 2: Unpacking and Setting Up the CPC
This chapter gives a packing list and the step-by-step procedure
for getting the CPC ready to operate.

Chapter 3: Instrument Description

This chapter describes features and controls that run the CPC,
including the components on the front-panel, back-panel,
bottom-panel, cover and inside the instrument. It also covers
the basic functions of the instrument.

Chapter 4: Instrument Operation
This chapter describes the operation of the instruments.

Chapter 5: Technical Description
This chapter details the principle of operation, theory, and
performance of the condensation nucleus counter.

Chapter 6: Particle Counting
This chapter describes the particle counting modes.

Chapter 7: Computer Interface and Commands
This chapter describes the computer interface hardware,
associated firmware commands, and flash memory card.

Chapter 8: Maintenance and Service
This chapter describes the recommended practices and
schedule for routine cleaning, checking and calibration.
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a

Q

Appendix A: Specifications
This appendix lists the specifications of the Model 3772/3771
Condensation Particle Counter.

Appendix B: Firmware Commands
This appendix lists all the serial commands for communications
between the CPC and the computer.

Appendix C: References

This chapter lists all of the references that have been used
within the text of the manual. In addition, a general list of
references pertaining to condensation nucleus counters is
included.

Related Product Literature

W]

a

Model 3007 Condensation Particle Counter Operation and
Service Manual (part number 1930035) TSI Incorporated

Model 3010D Condensation Particle Counter Instruction
Manual (part number 1900064) TSI Incorporated

Model 3775 Condensation Particle Counter Operation and
Service Manual (part number 1980527) TSI Incorporated

Model 3776 Ultrafine Condensation Particle Counter
Operation and Service Manual (part number 1980522) TSI
Incorporated

Model 3781 Water-based Condensation Particle Counter
Operation and Service Manual (part number 1930111) TSI
Incorporated

Model 3782 Water-based Condensation Particle Counter
Operation and Service Manual (part number 1930073) TSI
Incorporated

Model 3785 Water-based Condensation Particle Counter
Operation and Service Manual (part number 1933001) TSI
Incorporated

Model 3786 Ultrafine Water-based Condensation Particle
Counter Operation and Service Manual (part number
1930072) TSI Incorporated

Model 376060 Particle Size Selector Instruction Manual
(part number 1930013) TSI Incorporated

This manual contains operating instructions for the Model
376060 Particle Size Selector, an accessory for the Model 3772,
3771, 3781 and 3782 CPCs. The Model 376060 is a separating
device that removes small particles from an aerosol while
passing larger particles.
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Q Aerosol Instrument Manager® Software for CPC and EAD
Instruction Manual (part number 1930062) TSI Incorporated
This manual contains operating instructions for Aerosol
Instrument Manager Software for CPC and EAD, a software
program that monitors, calculates, and displays particle
concentration data collected by a CPC or an EAD.

Getting Help

To obtain assistance with the Model 3772/3771 Condensation
Particle Counter contact Customer Service:

TSI Incorporated

500 Cardigan Road

Shoreview, MN 55126 USA

Fax: (651) 490-3824

Telephone: 1-800-874-2811 (USA) or (651) 490-2811
E-mail Address: technical.service@tsi.com

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 your
comments on another sheet of paper to:

TSI Incorporated

Particle Instruments

500 Cardigan Road

Shoreview, MN 55126

Fax: (651) 490-3824

E-mail Address: particle@tsi.com
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CHAPTER 1
Product Overview

This chapter contains an introduction to the Model 3772/3771
Condensation Particle Counter (CPC) and provides a brief
explanation of how the instrument operates.

Product Description

The Model 3772/3771 Condensation Particle Counter is a compact,
rugged, and full-featured instrument that detects airborne particles
down to 10 nanometers in diameter at an aerosol flow rate of 1.0
liter per minute, over a concentration range from O to 10" particles
per cubic centimeter. These CPCs are ideally suited for applications
that do not require measurement of high concentrations, such as
basic aerosol research, filter and air-cleaner testing, particle
counter calibration, environmental monitoring, mobile aerosol
studies, particle shedding and component testing, and atmospheric
and climate studies. The Model 3772 CPC is also compatible with
TSI Scanning Mobility Particle Sizer™ (SMPS™) spectrometers for
particle size distribution measurements.

The successor to the Model 3010, 3760A, and 3762 CPCs, the
Model 3772 and 3771 CPCs offer many new features and
improvements:

O Fast response to rapid changes in aerosol concentration (T,, = 3
seconds)

0 Butanol-friendly features, including anti-spill design, water-
removal system, and improved resistance to optics flooding

Removable saturator wick for easy transport and maintenance
USB and Ethernet available

Auto recovery from power failure

The Model 3772 CPC offers the following additional features:
O Built-in SMPS compatibility

O Particle concentration, total counts, instrument status or user
settings shown on enhanced front panel LCD display

O Built-in data logging and storage capability with removable
memory card
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How it Works

1-2

In the Model 3772/3771 Condensation Particle Counter (CPC), an
aerosol sample is drawn continuously through a heated saturator
in which butanol is vaporized and diffuses into the sample stream.
Together, the aerosol sample and butanol vapor pass into a cooled
condenser where the butanol vapor becomes supersaturated and
ready to condense. Particles present in the sample stream serve as
condensation nuclei. Once condensation begins, particles that are
larger than a threshold diameter quickly grow into larger droplets
and pass through an optical detector where they are counted easily.

The Model 3772/3771 CPC detects particles as small as 10
nanometer in diameter and employs single-particle-count-mode
operation to measure concentrations up to 10" particles per cubic
centimeter. The detector counts individual pulses produced as each
particle (droplet) passes through the sensing zone. A high signal-to-
noise ratio and continuous, live-time coincidence correction provide
great measurement accuracy, even at very low concentrations. An
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external vacuum pump is required to draw the aerosol sample into
the CPC. The 1.0 L/min aerosol flow rate is controlled accurately
and reliably using an internal critical orifice.

The CPCs use a laser-diode light source and diode photodetector to
collect scattered light from particles. An internal microprocessor is
used for instrument control and data processing.

Model 3772 CPC has a two-line LCD display which presents real-
time number concentration, totalizer function, and enables easy-to-
use menus for control operation functions and presents instrument
status information and user settings. A variety of communication
options for computer data acquisition are available. The 3772 CPC
also includes on-board data logging and storage using a removable
flash memory card. Model 3771 has no display and no memory
card.
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CHAPTER 2

Unpacking and Setting
up the CPC

Use the information in this chapter to unpack the Model
3772/3771 Condensation Particle Counter (CPC) and set it up.

Packing List

Tables 2-1 and 2-2 show the components shipped with the Model
3772 and 3771 CPCs.

Table 2-1
Model 3772 CPC Packing List

Qty.

Description
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Model 3772 CPC and Operation Manual
Power cable

Aerosol Instrument Manager® Software
Fill Bottle

Drain Bottle

Bottle Bracket

Vacuum Drain Bottle Cap

RS-232 Cable (9-pin M/F, 12 ft)

USB I/O Cable A/B 6 ft

SanDisk ImageMate 5-in-1 Card Reader
Data Memory Card

Saturator Wick CPC 3772

Water Removal Filter Inline, 25 micron 716" barb
Butanol Fill/Drain Filter Inline, 73 micron /8" barb
Saturator Base O-Ring FVMQ 1-010
Saturator Base O-Ring FVMQ 1-030
Saturator Base O-Ring EPDM 1-027
Ziploc® Bag 6” x 6” (for saturator wick)
Krytox® O-ring Grease

Checkout Data Sheet

Certificate of Conformance

®Zip10c is a registered trademark of SC Johnson & Son, Inc.
®Kryt0x® is a registered trademark of DuPont.
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Table 2-2
Model 3771 CPC Packing List
Qty. Description
Model 3771 CPC and Operation Manual
Power cable

Aerosol Instrument Manager® Software

Fill Bottle

Drain Bottle

Bottle Bracket

Vacuum Drain Bottle Cap

RS-232 Cable (9-pin M/F, 12 ft)

USB I/0 Cable A/B 6 ft

Saturator Wick CPC 3771

Water Removal Filter Inline, 25 micron /6" barb
Butanol Fill/Drain Filter Inline, 73 micron %" barb
Saturator Base O-Ring FVMQ 1-010

Saturator Base O-Ring FVMQ 1-030

Saturator Base O-Ring EPDM 1-027

Ziploc® Bag 6” x 6” (for saturator wick)

Krytox® O-ring Grease

Checkout Data Sheet

Certificate of Conformance
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Note: Some items above and those for future maintenance are
available for purchase as kits from TSI. A complete list of
replacement part kits is included in the maintenance section in

Chapter 8.

Unpacking

2-2

The Model 3772/3771 CPC comes fully assembled with protective
coverings on the inlet sample port, exit ports, and analog
connectors. The CPC comes packaged with the accessory kit. Use
the packing list (Table 2-1 or Table 2-2) to make certain that there
are no missing components.

The CPC box contains special foam cutouts designed to protect the

instrument during shipment. Save the original packaging materials
for future use should you need to ship the instrument or return the
instrument to TSI for service. Also keep the protective coverings for

ports for shipping.

To avoid contaminating the instrument or the environment the CPC

is monitoring, do not remove the protective covers until you are
ready to install the instrument.
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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 (651) 490-2811. Chapter 8, “Maintenance and Service,”
gives instructions for returning the CPC to TSI Incorporated.

Setting Up

This section contains instructions for setting up the Model
3772/3771 CPC. Follow the instructions in the order given.

Remove Protective Caps

Remove all protective caps from the inlet sample port and exit flow
ports at the back of the instrument, also remove covers from the
BNC connectors.

Mounting the Bracket and Fill Bottle

Mount the black anodized aluminum Bottle Bracket to the back
panel using two 8-32 x ¥%-inch screws and two no. 8 lock-washers
found in the mounting hole locations. Refer to the location of the
bottle bracket shown in Figure 2-1.

Find the Fill Bottle in the accessory kit. Connect the bottle tube
fitting to the Butanol Fill port at the back panel of the instrument.
Position the bottle with the fitting oriented for minimal stress on the
tubing connector on the back panel and place the bottle in the
bracket. Both mated fittings are leak-tight when disconnected.

Rk _-

Figure 2-1
View of Fill Bottle Bracket Mounting
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Filling the Fill Bottle with Butanol

The Model 3772/3771 CPC uses reagent-grade n-butyl alcohol
(butanol) as the working fluid for particle growth. Pour the butanol
into the Fill Bottle to at least one-third full. Because of the leak-
tight fittings and internal solenoid valve, liquid will not flow into the
CPC until the connections are made, the instrument is switched on,
and warm-up cycle is complete.

Note: Due to shipping regulations on flammable materials, n-butyl
alcohol (butanol) is not supplied with the CPC. Butanol may be
purchased from scientific chemical supply houses. Reagent
grade of butanol is required.

Connecting the Butanol Drain Bottle

A drain bottle should be connected to the Liquid Drain port at the
back panel of the CPC. The drain bottle collects butanol drained
from the CPC prior to transport and holds condensed water and
butanol removed from the condenser when the water removal
system is turned on (see note below). Draining butanol is described
in Chapter 8 “Maintenance and Service”.

Note: The water removal system will not work without a drain bottle
connected to the drain port. Refer to Chapter 4 for more details
on water removal system.

Caution
Butanol is flammable. Butanol is also potentially toxic if inhaled. Use butanol
only in a well-ventilated area. If you smell butanol and develop a headache,
or feel faint or nauseous, leave the area at once. Ventilate the area before
returning.

Apply Power to the CPC

Plug the power cord into the receptacle on the back panel of the
CPC and then plug it into the AC power source. The instrument
uses a universal power supply that accepts a variety of input
voltages identified below.

Power 100 - 240 VAC, 50/60 Hz, 210 W maximum

Note: Make certain the power cord is plugged into a grounded power
outlet. Position the CPC so the power connector is easily
accessible.

Apply power to the CPC by turning on the switch next to the power
cord on the back panel.
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The instrument begins a warm-up sequence which typically lasts
ten minutes at room temperature. On the 3772, a ten-minute
countdown is displayed on the front panel. Particle concentration
will not be accurately measured during warm-up. After warm-up
completes, the fluid begins to fill the internal butanol reservoir in
the saturator.

Supply External Vacuum to the CPC

An external vacuum port is located in the lower right-hand corner
of the CPC back panel. An external vacuum must be connected to
this port before the CPC can count particles. Vacuum source, either
a central building vacuum or a stand-alone vacuum source (e.g.,
TSI Model 3032 Vacuum Pump), should provide at least 60 kPa

(18 in. Hg) vacuum and 1.0 L/min critical flow at the inlet of each
CPC. Details of vacuum specifications are given in Chapter 5.

Positioning the CPC

Place the CPC on a level surface. Ensure the cooling fan on the
back panel of the CPC is exposed to ambient air.

Note: If the CPC has n-butyl alcohol (butanol) in the reservoir, be very
careful when moving the CPC. See “Moving and Shipping the
CPC” section for details.
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CHAPTER 3
Instrument Description

Use the information in this chapter to become familiar with the
location and function of controls, indicators, and connectors on the
Model 3772 and 3771 Condensation Particle Counters (CPC).

Model 3772 Front Panel

The main components of the 3772 front panel include the two-line
LCD display, six-key push button keypad, flash memory card slot,
aerosol inlet, two LED indicator lights (particle and status). These
are identified in Figure 3-1 and described below.

LCD Display and Keypad

The two-line backlit LCD provides continuous real-time display of
sample data and is used in conjunction with the keypad to display
option menus, instrument status information, and user settings.
Refer to Chapter 4 for details on how to make selections and
change options on the menus.

i

¥ | Condensation
Ir' Particle Counter
I| IM"ISI!Z

Figure 3-1
View of the Model 3772 Front Panel
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Aerosol Inlet

The aerosol inlet is located on the front panel. The inlet consists of
a 4" OD tube suitable for use with common tube fittings.
Permanent fittings with metal locking ferrules should be avoided
since this can deform the tube when overtightened, leading to
leaks.

Status Light

The status light indicates the working status of the CPC. It will light
only when the key performance parameters of the CPC fall within
an acceptable range. More information on the status light is
provided in Chapter 4.

Particle Light

The particle light flashes each time a particle is detected. At high
particle counting levels (>10 counts per second) the light appears
continuously on.

Flash Memory Card Slot

The Model 3772 CPC provides storage of particle concentration data
using a standard flash memory card. A flash memory card is
included. Refer to Using the Flash Memory Card in Chapter 4 for
more on how to use the Flash Memory Card. Technical information
is also found in Chapter 7.

Model 3771 Front Panel

The main components of the 3771 front panel include the aerosol
inlet and two LED indicator lights (particle and status). These are
identified in Figure 3-2 and operate the same as described above for
the 3772.
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Figure 3-2
View of the Model 3771 Front Panel

Model 3772/3771 Back Panel

As shown in Figure 3-3, the back panel of the 3772/3771 CPC has
power and data connections, analog input/output connections,
external vacuum port, butanol fill and drain ports, and cooling fan.
The function of the ports and connectors are clearly labeled.

AC Connector and Switch

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

USB Communication Port

The Model 3772/3771 CPC provides a USB port for use with the
TSI Aerosol Instrument Manager® software included with the
instrument. When USB communications are used with the
software, the computer automatically recognizes the CPC as a TSI
instrument. Additional information on USB communications is
found in Chapter 7 and also in the Aerosol Instrument Manager
software manual.

Note: Up to three CPCs can be simultaneously connected to one
computer running Aerosol Instrument Manager software with
USB connections.
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Figure 3-3
Back Panel of the Model 3772/3771 CPC

RS-232 Serial Connections

The Model 3772/3771 CPC provides two standard 9-pin RS-232
serial ports that allow communication between a computer and the
CPC. Serial commands are sent to and from the computer to
monitor instrument status information, to retrieve and monitor
data, and to provide a variety of control functions such as turning
the water removal system on and off (Serial 1 only). Aerosol
Instrument Manager software may be used with Serial 1 as well as
USB. Information on RS-232 communications can be found in

Chapter 7, “Computer Interfaces and Commands”.
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Analog Inputs

The CPC can monitor the analog voltages from two external sources
via the analog input BNC connectors on the back panel, labeled
Analog Input 1 and Analog Input 2. The input voltage range for
these ports is O to 10 volts. On the 3772 the analog voltages can be
displayed on the LCD display and saved to the removable Flash
Memory Card or a computer. Voltages from external pressure, flow,
or temperature transducers can be correlated to particle
concentration in real time.

Amplification must be supplied by the user to bring low voltage
signals to the appropriate O to 10 volt range for best resolution.

DMA/Analog Output and Pulse Output

The DMA/Analog Output port provides an analog 0-10 V signal
linearly proportional to particle concentration. This particle
concentration is corrected for coincidence and equals the
concentration displayed on the front panel of the CPC and the
concentration saved to the Flash Memory Card or computer. Refer
to Chapter 4 for details. In addition, on the 3772 this port can be
configured by the Aerosol Instrument Manager software to provide
the ramped voltage signal needed when the 3772 CPC is used as
part of the Scanning Mobility Particle Sizer'” (SMPS™) spectrometer.
Although this port on the 3771 is also labeled DMA/Analog Output,
the DMA function is not available for the 3771.

Pulse Output port provides a 5-volt (50-ohm termination) digital
pulse for each particle detected. This enables you to use your own
counting electronics hardware or provides a particle trigger for
special applications. The width of the pulse depends on both the
shape of the photodetector pulse and the trigger-level of the pulse
threshold. Typical (nominal) pulse widths are 350 nanoseconds (see
Figure 3-4) for the 3772/3771 CPC. To provide accurate pulse
counts, use a counter that is capable of counting pulses with a width
of 50 nanoseconds or less.

Particle concentrations calculated based on the particle counts
from the counting electronics hardware are not corrected for particle
coincidence. Thus, the concentration obtained this way might be
slightly lower than the displayed concentration when particle
concentration is high. Refer to Chapter 6 “Particle Counting” for
coincidence correction for pulse output.

The Pulse Output is a way to get raw particle count information.
This information is also available through serial command. Using
the SSTART,2 command, described in Appendix B, you can read
raw, uncorrected, particle counts. TSI recommends using the
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SSTART,2 command for raw counts as then all the information is
shipped which is used to calculate the corrected concentration, and
there are no issues with the counters ability to accurately count the
pulses.

Figure 3-4
Sample Digital Pulse from Pulse Output Port at the Back Panel of the CPC

Ethernet Communication Port

Instrument status including particle concentration of the Model
3772/3771 CPC can be monitored remotely from a local area
network or over the internet using the Ethernet communication
port. Ethernet communications are described further in Chapter 7,

“Computer Interfaces and Commands”.

Butanol Fill Port

Butanol is supplied from the butanol fill bottle to the instrument at
the Butanol Fill port quick connect fitting.

External Vacuum Port

By attaching an external vacuum to this port, critical flow is
established through the critical orifice described in Chapter 5. The
flow through this port contains butanol vapor so the external
vacuum must be properly vented away from work areas or use
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charcoal filter to absorb the butanol vapor. Charcoal filters can be
ordered through TSI (P/N 1031492 and P/N 1031493). See
Chapter 8 “Maintenance and Service.”

Drain Port

This port is used to drain the working fluid (butanol) from the 5 cm’
liquid reservoir and is used when collecting water extracted using
the Water Removal system. See Chapters 3 and 4 for more on the
water removal feature.

Instrument Cooling Fan

This fan cools internal electronics and dissipates heat generated
during cooling of the condenser. The fan is provided with a guard
and a removable filter that should be cleaned of dust periodically.

Cover

The cover refers to the removable section of the chassis covering the
top and sides of the CPC. It is secured to the chassis with four
screws on the bottom and two on the top and it can be removed for
access to the interior of the Model 3772/3771 CPC. Refer to
Chapter 8 for details.
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Bottom Panel

The bottom portion of the ‘.m
chassis provides access to —_— e n
the saturator wick. As ! .

shown in Figure 3-5, the

saturator base, which is

attached to the wick, is et
visible above the centrally
located 2.5-inch diameter
hole on the bottom panel.
The base and wick can be
removed for maintenance
and transport, as described

in Chapter 8. o w

Figure 3-5
Bottom Panel Showing Removable Saturator
Base

Internal Instrument Components
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Internal components are described in this section and identified in
Figure 3-6 and Figure 3-7.
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1. Sensor assembly 5. Critical orifice

2. Water removal pump 6. Pressure transducers
3. Butanol fill filter 7. Power supply

4. Fan

Figure 3-6

Internal Components of the Model 3772/3771 CPC

Water Removal Pump

The Model 3772/3771 CPC uses a micro-flow Water Removal Pump
to remove condensate from the condenser. The Water Removal
Pump draws condensed butanol and water from the condensate
collection reservoir. Water removal prevents contamination of the
butanol during operation in a high humidity environment. When
activated, the pump runs continuously. A drain bottle must be
connected for water removal to occur. For information on operating
the water removal pump refer to Chapter 4, “User Settings.”

Filters

The CPCs use three liquid filters. One liquid filter is used to filter
butanol supplied from the fill bottle while a second filters the
butanol drain line. The third is used to filter the condensed water
and butanol mixture before it passes through the Water Removal
Pump.
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Valves

Solenoid fill and drain valves enable butanol to be added or
removed from the liquid reservoir. The fill valve is actuated when
the Auto-Fill is turned ON and the level sensor indicates a low
butanol level in the liquid reservoir. When the butanol fill bottle is
connected, butanol flows into the reservoir until the level sensor
indicates a full state. On the 3772, the drain valve is activated
through the front panel or through serial command. On the 3771,
the drain valve is activated through serial command. Butanol is
drained prior to shipment or removal of the saturator wick. See
“User Settings” in Chapter 4 and “Maintenance and Service” in
Chapter 8.

Pressure Transducers

The Model 3772/3771 CPC uses three pressure transducers for
monitoring instrument flows. The differential pressure across the
Critical Orifice is measured to verify that a critical pressure is
maintained across the orifice. Differential pressure across the
nozzle is measured and verifies the nozzle in the optics block is free
from obstruction. The ambient pressure is also measured. These
pressure transducers are mounted to the main PC board. On the
3772, pressure information is viewable via the front panel display.
On both 3772 and 3771 CPCs, pressure information is available
through serial commands.

Electronics Boards

Four electronics boards identified in Figure 3-7, are used in Model
3772/3771 CPC. The boards include main PC board, laser board,
detector board, and communication connector board. The 3772 also
includes a fifth board—flash memory board.
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Figure 3-7
Electronics Boards inside the Model 3772/3771 CPC

1. Main PC board 4. Communication connector board
2. Laser board 5. Flash memory board (3772 only)
3. Detector board

Basic Instrument Functions

This section describes basic instrument functions.

Concentration Measurement

Particle concentration is presented as particles per cubic centimeter
(p/cc). For the 3772, the particle concentration is displayed on the
front panel LCD in numeric form. For both CPCs, data is collected
using the Aerosol Instrument Manager software or other terminal
program (such as HyperTerminal). Particle concentration is
determined from the count rate (particles counted per tenth of a
second) and the aerosol flow rate, nominally 1000 cubic
centimeters per minute (cm’/min). The concentration is also live-
time corrected for coincidence. Refer to Chapter 6 “Live-Time
Counting” for more information.
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Total Count Mode (3772 only)

Total Count Mode (also called totalizer mode) counts number of
particles in a given time period. This mode is used to improve
counting resolution at very low particle concentrations. Time and
number of counts are shown on the front panel display of the 3772.

Water Removal

When the aerosol sample has a dew point above the condenser
temperature of 22°C, water vapor may condense on the walls of the
condenser and run back into the saturator, contaminating the
butanol over time. Unlike its predecessor, the Model 3010, 3760A,
or 3762 CPC, the Model 3772/3771 CPC is able to capture
condensed water vapor and remove it, significantly reducing
butanol contamination in high humidity environment. The water
removal process increases the butanol consumption. For additional
information refer to Chapter 4.

Internal Data Logging (3772 only)

A removable Flash Memory Card can be inserted in the slot on the
3772 front panel to store data including particle concentration and
analog input data. Data can then be transferred to a computer for
further data processing. Refer to Chapter 4 for more details. It is
not recommended you use a Flash Memory Card and Aerosol
Instrument Manager software or terminal program to collect data
simultaneously to avoid data transfer interference.

Remote Access of Instrument

The Model 3772/3771 CPC provides an Ethernet port to connect
the instrument to a network for monitoring status information.
Status information includes saturator, condenser, optics
temperatures, laser power, and particle concentration, etc. The data
is updated once every five seconds. Refer to Chapter 7 for more
details.
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External Vacuum Pump or Source

The external vacuum pump or source must provide sufficient
vacuum to maintain a critical pressure across the critical orifice,
while providing an aerosol flow of 1.0 L/min. At an atmospheric
pressure of 100 kPa (1 atm), an external pump or other vacuum
source must provide at least 60 kPa (18 in. Hg) of vacuum and
1.0 L/min inlet volumetric flow for each CPC supported. TSI offers
Model 3032 Vacuum Pump for one CPC and Model 3033 Vacuum
Pump for multiple CPCs. Contact TSI technical support for more
information on use of an external vacuum pump.

Flow Rate Control

The Model 3772/3771 CPC uses a critical orifice to accurately
control the air flow in the instrument. The critical orifice operates at
or below a critical pressure to control the 1.0 L/min volumetric
aerosol flow. More is found in Chapter 5 “Technical Description.”

Problems with the aerosol flow can be detected by monitoring the
pressure drop across the nozzle, and verifying that the critical
orifice pressure is maintained.

Temperature Control

The temperatures of the condenser, saturator, and optics are
maintained at 22 °C, 39°C, and 40 °C, respectively, with specified
ambient temperatures in the operating range of 10 to 35°C. The
temperatures are controlled through feedback circuits on the main
electronics board and are viewable via firmware commands. For the
3772, the temperatures are also viewable with the Status display
screen. If the temperatures are out of range on either CPC, the
status indicator LED on the front panel will be off. For ambient
temperatures outside the instrument operating range, the
instrument temperature performance may not be maintained.
Moderate increases in saturator temperature and optics are
tolerated in some instances, depending on measurement
requirements.

Inlet Pressure Measurement

With adequate external vacuum, the instrument is capable of
operating at inlet pressures in the range of 75 to 105 kPa. The inlet
pressure is measured by an absolute pressure sensor, and is
essentially the barometric pressure if no inlet restriction is present.
Inlet Pressure is accessible through firmware commands on both
3772 and 3771 CPCs and it is also viewable via the Status display
screen for the 3772. Refer to Chapter 4 for more details.
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CHAPTER 4
Instrument Operation

This chapter describes the basic operation of the Model 3772/3771
Condensation Particle Counter (CPC) and provides information on
the use of controls, indicators, and connectors found on the front
and back panels.

Operating Precautions

Read the following before applying power to the 3772/3771 CPC:
U Review the operating specifications for the CPC in Appendix A.

U Do not operate the CPC outside the range of 10 to 35°C. If the
CPC is operated outside this range, the displayed concentration
may be inaccurate.

U If the CPC reservoir contains butanol, be very careful when
moving the CPC. Refer to “Moving and Shipping the CPC” for
more details.

WARNING

Although the CPC is appropriate for monitoring inert process gases such as
nitrogen or argon, it should not be used with hazardous gases such as hydrogen
or oxygen. Using the CPC with hazardous gases may cause injury to personnel
and damage to equipment.

Power Switch

The power switch is found on the back panel of the CPC. The switch
is combined with the power cord receptacle.

Warm-up

When the CPC is turned on, the saturator, condenser, and optics
have to reach set operating temperatures. This “warm-up interval”
takes about 10 minutes at room temperature. The Status LED
indicator on the front panel will remain unlit during this time.
Under extremes in ambient temperature, it may take considerably
longer for the instrument to warm-up.
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On the 3772 front panel display, a countdown is also displayed
during the warm-up time, as shown in Figure 4-1.

WARMING UP
9:54 REMAINING

Figure 4-1
Model 3772 Display During Warm-Up

When warm-up is complete, the concentration is automatically
displayed for the 3772 as shown in Figure 4-2. The concentration
can also be displayed before the warm-up is complete by pressing
the ESC key Esc|at any time.

CONCENTRATION
3.43E+03 p/cc
IFigure 4-2

Model 3772 Display After Warm-Up is Completed

Status Indicator

A status LED indicator on the front panel of the Model 3772/3771
CPC indicates the overall status of the CPC. It will remain unlit if a
key parameter falls outside of the acceptable operating range.
Parameters monitored include instrument temperatures, pressures,
and liquid level. Generally it will light after warm-up time is
complete, an external vacuum is applied, and butanol has filled the
reservoir. See Chapter 8 for troubleshooting instructions if the
Status indicator LED does not turn on.

Particle Indicator

A particle LED indicator light on the front panel of the CPCs
indicates particle counts.

Communication

4-2

CPC measurement data, instrument status, and user settings are
available through firmware communication for both Models 3771
and 3772 and also viewable through the front panel for

Model 3772. For more information on firmware communication, see
Chapter 7 and Appendix B.
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Model 3772 LCD Display and Keypad

In addition to firmware communication, Model 3772 presents
measurement data, instrument status, and user settings on a 2-
line, 16-character, alphanumeric LCD display. You can navigate the
menu options using the six-button keypad. The display and keypad
are shown in Figure 4-3.

CONCENTRATION
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Figure 4-3
Model 3772 Front Panel LCD Display and Keypad

Model 3772 Keypad Navigation

As shown in Figure 4-3, the keypad has six keys: scroll left « |,
scroll right » |, scrollup 4 |, scrolldown ¥ | Enter < |, and
ESC Esc|. Detailed navigation instructions are described below.
Generally,

O The up and down arrows are used to scroll through a given
menu.

0 The left and right arrows are used to configure user settings.
The new setting becomes active immediately after the setting is
selected.

The Enter +« | key displays submenus.

The ESC Esc| key returns the display out of a submenu.

The control menu has a two-tier hierarchy. There are four primary
functions: Concentration, User Settings, Status, and Total Count
Mode. By pressing the up A |or down ¥ |arrow, the display will
scroll through these four functions.

Two of the primary functions, User Settings and Status, have
submenus. A submenu can be accessed by pressing the Enter + |
key. Once inside a submenu, the up 4 |or down ¥ |arrow can be
used to scroll through the features. The submenu for User Settings
contains all the options for configuring the CPC. The submenu for
Status contains all the parameters for monitoring the CPC. The
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primary functions are summarized below along with their
submenus. These are described in detail in the following sections.

Primary Function

Secondary Submenu

Concentration
Aerosol concentration
measured in [p/cc]

No submenu available.

User Settings

Data Logging, Water Removal, Totalizer

Displays operating
parameters and status of
CPC

Displays features Time, Auto Fill, Analog Out, Data Averaging,
available for configuration | and Drain.
Status Saturator Temperature, Condenser

Temperature, Optics Temperature, Cabinet
Temperature, Ambient Pressure, Orifice
Pressure, Nozzle Pressure, Laser Current,
Liquid Level, Analog Input 1, Analog Input
2, Flash Status, USB status, Firmware
Version

Total Count Mode
Accumulates particle
counts and clock time

No submenu available.

Concentration

The CPC measures aerosol concentration in particles per cubic

centimeter. The 3772 displays a Concentration screen as shown in
Figure 4-3. This is the default display. Pressing ESC Eesc| twice from
any other screen returns the display to Concentration screen. The
LCD is updated once per second. For both 3771 and 3772,
concentration data can be accessed through firmware
communication using “RD” command. Refer to Chapter 7 and
Appendix B for more information on firmware commands. The
maximum concentration limit for the 3772/3771 is 10,000
particles/cm®.

When concentration exceeds 10,000 particles/cm® for a 3772, two
exclamation marks appear on the LCD main display, one in front of
the concentration value and one after. For both 3772 and 3771
CPCs, measurements with concentrations that exceed 10,000 are
flagged and the status LED will be turned off.

Total Count Mode (3772 only)

4-4

Total Count Mode allows particle counts to be accumulated and
displayed as shown in Figure 4-4. Total Count Mode is generally
useful for tests at very low particle concentrations (e.g., below 10.0
particles/cm?®), such as evaluation of high efficiency filters.
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To access Total Count Mode from the default Concentration screen,
press the down ¥ | arrow once. When first accessed, the display
appears as shown in Figure 4-5. By pressing Enter + |, the screen
changes to Figure 4-5. Pressing Enter +< |again at this screen will
cycle between Start, Stop, and Reset. The CPC will count time and
total particles once Start is set. The sample automatically stops
when the time is equal to the Totalizer Time. Totalizer Time can be
set in the User Setting submenu.

COUNTS: O
TIME: 00:00:00
IFigure 4-4

Total Count Mode Data Screen

TOTAL COUNT MODE
«- TO START/STOP

Figure 4-5
Initial Total Count Mode Data Screen

User Settings

User settings can be configured through firmware commands on
both 3772 and 3771. Refer to Chapter 7 and Appendix B for
information on firmware commands. On the 3772, User Settings is
also accessible from the front panel display. It is a primary function
accessible from the default Concentration screen by pressing the up
arrow A |once. The screen appears as in Figure 4-6. Pressing
Enter < |once brings up the submenu. Once inside the submenu,
theup A |ordown V¥ |arrow can be used to scroll through a list
of configurable settings. To change a setting, use the left « |or
right » | arrow. The setting takes effect immediately after it is
selected. Pressing ESC Esc| once returns the display to User
Settings as shown in Figure 4-6. User settings in the menu are
described under individual headings below, beginning with the
Data Logging.

USER SETTINGS
<« TO VIEW

Figure 4-6
User Settings Display
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Data Logging (3772 only)

Data can be saved on a Flash memory card on the 3772. By default
Data Logging is “OFF.” To initiate data logging, switch the Data
Logging user setting to “ON” by pressing the left < |or right » |
arrow once. Logging will begin immediately. Press the arrow again
to toggle Data Logging to “OFF” to stop. More information on data
logging is provided under “Using the Flash Memory Card.” Use the
Data Averaging option in User Settings to set the data averaging
interval for data collection.

Water Removal

The Water Removal option provides ON/OFF control for the water
removal feature of the CPC. The default setting is “OFF.” On the
3772 it can be set from the Water Removal option in the submenu
of User Settings. Pressing the left <« |or right » | arrow toggles
Water Removal system on or off. On either 3772 or 3771 CPC, it
can be turned on using the “SAWR” firmware command. See
Chapter 7 and Appendix B for information on firmware commands.

Water Removal system is used in hot/humid environments to
eliminate contamination of the butanol working fluid by condensed
water vapor. Water removal keeps the CPC operating at peak
performance.

Water removal is achieved by collecting all condensate from the
cooled condenser before it has a chance to return and remix with
the butanol in the heated saturator. The collected condensate is
pumped to the Drain port and flows into the supplied Drain Bottle.

Important Note: The Drain Bottle must be connected for the water
removal system to work properly.

Butanol The water removal feature removes condensed
Consumption butanol as well as water, increasing butanol
consumption. The operator may elect not to use
water removal in cool/dry environments to preserve
butanol. When water removal is not used, butanol is
recycled. A full bottle of butanol (1 liter) lasts
approximately 7 days with the water removal system
ON and last 15 days with the water removal system
OFF.

Totalizer Time (3772 only)

The Totalizer Time feature is available from the User Settings
submenu. Use this feature with the Total Count Mode function to
select the time period for accumulating counts. Three options are
available: 1 minute, 60 minutes, and Continuous. The default
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setting is “Continuous.” Pressing the left « |or right » |arrow will
cycle through these three options. Time and count accumulation
stops once the time is complete. The accumulation can also be
ended manually prior to the end of a sampling period from the Total
Count Mode display.

Auto Fill

When the Auto-Fill option is ON, the instrument fills with butanol
automatically when the liquid level indicator in the butanol
reservoir detects a low butanol level condition. Selecting Auto-Fill
OFF prevents the fill valve from opening despite a low butanol level.
Note that a Drain command will turn Auto-Fill to OFF. Auto-Fill
can be turned back on by using the Auto-Fill setting or by
restarting the CPC.

On the 3772, an Auto Fill option is available in the User Setting
submenu. Pressing the left « |or right » | arrow will toggle Auto-
Fill ON or OFF. On both 3771 and 3772, Auto-Fill can be set ON or
OFF with the “SFILL” firmware command. See Chapter 7 and
Appendix B for more information on firmware commands.

Analog Out

The Analog Out setting configures the signal from the “DMA/Analog
Output” port on the back panel. This analog signal is from O to 10
V. There are five options available to select: OFF, 1E+1, 1E+2,

1E+3, 1E+4. The analog signal is linearly proportional to particle
concentration when it is turned on. The relationship between
voltage output and particle concentration is listed below.

Option | Concentration Range for Analog Output 0-10 V Relation
OFF 0 V independent of concentration -
1E+1 0 to 10 particles/cm’ linear
1E+2 | 0 to 100 particles/cm’ linear
1E+3 | 0 to 1,000 particles/cm’ linear
1E+4 0 to 10,000 particles/cm’ linear

OFF 0 V independent of concentration -

On the 3772, the Analog Out option is available in the User
Settings submenu. Pressing the left <« |or right » | arrow will
cycle through the options. The scaling and OFF options are
available to the 3771 and 3772 through the “SAO” firmware
command. See Chapter 7 and Appendix B for more information on
firmware commands.
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Data Averaging (3772 only)

When Data Logging is set to “ON”, data is averaged over selected
Data Averaging Period for saving to the flash memory card. The
Data Average Periods available are 1, 2, 3, 4, 5, 6, 10, 12, 15, 20,
30, or 60 seconds. By default the Data Average Period is 1 second.

To change the Data Average Period, the Data Logging option first
must be set to “OFF.” Then in the Data Average Period display,
press the right » | or left « |arrow to cycle through the available
Data Average Periods. When the desired period is displayed, press
ESC Esc| to return to the User Settings screen.

The Aerosol Instrument Manager software provides more choices for
data average period. See the software manual for details. It is not
recommended you use a Flash Memory Card and Aerosol
Instrument Manager software or terminal program to collect data
simultaneously to avoid data transfer interference.

Drain

The Drain feature is used as part of the process to drain butanol
from the reservoir. It opens the drain valve and turns Auto-Fill
mode OFF. When the drain is complete, Auto-Fill must be turned
back on by using Auto-Fill setting or by restarting the CPC. For
specific instructions on draining butanol, refer to the section

“Draining Butanol from the Butanol Reservoir” in Chapter 8.

On the 3772 the Drain feature is available from the User Settings
submenu. Pressing the left « |or right » | arrow toggles Drain ON
or OFF. On the 3771 the Drain feature is controlled through the
“SDRAIN” firmware command. Refer to Chapter 7 and Appendix B
for further information on firmware commands.

Status

4-8

Status information provides data from instrument sensors useful to
confirm basic performance and for troubleshooting. The Status
parameters are described below, beginning with Saturator
Temperature.

Status parameters are accessible through firmware commands for
both CPCs. Refer to Chapter 7 and Appendix B for further

information on firmware commands.

On the 3772, the parameters are also available from the Status
menu. To access the Status menu on 3772, start at the default
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Concentration screen and press the up A | arrow twice. The Status
screen appears as shown in Figure 4-7. Press the Enter < | key to
view the submenus for Status. Toggle through submenus (status
parameters) with the up A |or down ¥ |arrow. Pressing ESC Esc|
once returns the display to the Status screen as shown in

Figure 4-7. If any of the status parameters deviates from the
normal condition, the status light is off and there are two
exclamation marks around the parameter: one before and one after,
as shown in Figure 4-8.

STATUS
<« TO VIEW

Figure 4-7
Status Display

LIQUID LEVEL
INOT FULL!

Figure 4-8
Status Parameter Display for Diagnostics

Saturator Temp (Temperature)

Saturator temperature is 39.0 °C when the instrument warm up is
complete and the instrument has stabilized. The saturator provides
saturated butanol vapor that mixes with aerosol particles in the
condenser.

Condenser Temp (Temperature)

Particle growth occurs in the condenser as butanol vapor from the
saturator is cooled, supersaturated, and condenses on sampled
aerosol particles. The condenser temperature is maintained at
22.0°C.

Optics Temp (Temperature)

The optics temperature is maintained at 40.0°C. This is above the
saturation temperature and prevents butanol from condensing on
the lenses and other internal components in the particle detection
optics.

Cabinet Temp (Temperature)

The cabinet temperature measures the temperature inside the CPC.
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Ambient Pressure

Ambient pressure is the barometric air pressure in kPa. Inlet air
pressure is very close to the barometric pressure when sampling
directly from the ambient environment. A restriction at the inlet will
change the inlet air pressure. The instrument is designed to operate
with an inlet pressure between 75 and 105 kPa.

Orifice Pressure

Orifice pressure is the differential pressure across the aerosol flow
critical orifice in kPa. Identification of the orifice is found in the flow
schematic Figure 5-1.

Nozzle Pressure

Nozzle pressure is the differential pressure across the nozzle
between the condenser and the optics chamber in kPa.
Identification of the nozzle is found in the flow schematic
Figure 5-1.

Laser Current

Laser power is monitored by an internal detector in the diode laser
package. If laser light energy drops and the laser current is below
35 mA, an Error is indicated and the Status light is OFF.

Liquid Level

FULL is indicated if adequate butanol is present in the liquid
reservoir. Liquid level is detected by a heated RTD (Resistance
Temperature Detector) level detector. If the liquid level is low, NOT
FULL is indicated.

Analog Inputs

Analog Input 1 and 2 display voltages supplied to the BNC
connectors at the back panel of the instrument. These analog data
inputs have a range of O to 10 volts. Voltages can come from a
variety of sources at the operator’s discretion. Signals should be
gained up or down so the outputs fall into the 0-to-10-volt window
with maximum resolution. On both 3772 and 3771 CPCs, analog
input data is saved along with concentration data through firmware
commands or to a computer running Aerosol Instrument Manager
software. On the 3772 analog input data can also be saved to the
Flash Memory Card when a card is present and data logging is ON.
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Flash Status (3772 only)

When a flash memory card is present, READY is indicated. When a
flash memory card is present and data logging is ON, LOGGING is
indicated. When there is not a flash memory card, REMOVED is
indicated. See more details below.

USB Status

When the USB port on the back panel of the 3772/3771 CPC is
connected, the status indicates CONNECTED. The status indicates
DISCONNECTED when there is no connection to the USB port.

Firmware Version

This option shows the current firmware version of the instrument.

Using the Flash Memory Card (3772 only)

Particle concentration data and analog input data can be saved to a
Flash Memory Card inserted in the slot at the middle right of the
front panel. Insert the card with the label facing right.

Data logging is initiated (turned ON) from the front panel under the
User Settings Menu. A file having a .DAT extension is created and
will sample one hour of CPC data. Additional files will be created
automatically each hour, i.e., having one hour of data. A shorter file
is created if the test is stopped by turning Data Logging OFF. Data
is lost if an open file is improperly closed, by turning the
instrument off or removing the flash memory card.

To read saved data to computer, connect the supplied card reader
to your computer using the USB cable. Insert the flash card in the
reader. Your computer will recognize the card reader and display a
window showing several options. Select the option Open folder to
view files to access the test files on the installed memory card. The
file names are based on the date and time when the test was
initiated.

The Aerosol Instrument Manager® software described below
retrieves files from the flash memory card for data display. Refer to
your Aerosol Instrument Manager software instruction manual for
information on importing .DAT data files.

Additional technical information on the flash memory card is found
in Chapter 7.

Instrument Operation 4-11





Notes: Data cannot be saved to the flash memory card and to the
computer through Aerosol Instrument Manager software
simultaneously.

Keep the amount of data stored in the flash memory card
under 64 MB to avoid long overhead time before generating
a new data file each hour in the card.

Caution

Remove the flash memory card following the correct procedures:

1. Use Safely Remove Hardware option in Windows to disconnect the card
reader from the computer—stop USB Mass Storage Device.

2. After the message Safe To Remove Hardware: The “USB Mass Storage
Device” device can now be safely removed from the system appears,
physically remove the flash memory card from the card reader.

Failure to follow these procedures may result in failure to log data with the flash

memory card.

Aerosol Instrument Manager® Software

Aerosol Instrument Manager® software is supplied with the
3772/3771 CPCs. This program provides many useful data
acquisition, display, processing, and download functions used in
particle measurements. Review the supplied Aerosol Instrument
Manager software manual for complete information on software
functions.

Moving and Shipping the CPC

Make sure the Model 3772/3771 CPC is turned off and remains
upright while moving the instrument. There is no need to drain the
CPC before moving the CPC. Prior to shipping, however, it is
necessary to drain butanol from the instrument and to dry the
instrument. Refer to “Draining Butanol from the Butanol Reservoir”
in Chapter 8 to drain the CPC. Remove the saturator wick to
expedite the drying process. The Model 3772/3771 CPC was
designed so that the wick is easily removed. Refer to “Removing and
Installing the Saturator Wick” in Chapter 8. To dry the instrument
without taking the wick out, run the CPC continuously with
vacuum on at least overnight. During drying, place a HEPA filter at
the inlet. It may take up to 20 hours to completely dry the
instrument so the particle concentration reads zero.

TSI recommends that you keep the original packaging (carton and
foam inserts) of the CPC for use whenever the CPC is shipped,
including when it is returned to TSI for service. Always seal off the
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sampling inlet to prevent debris from entering the instrument and
drain and dry the CPC before shipping.

Caution
With the vacuum on and butanol in the reservoir, do not tip the counter more
than 10° in any direction. It is recommended to turn off the CPC and disconnect
the butanol fill bottle before the CPC is being moved or tilted for longer than a
few seconds to prevent flooding the sensor.

Instrument Operation 4-13










CHAPTER 5
Technical Description

The Model 3772/3771 CPC is a continuous-flow condensation
particle counter that detects particles as small as 10 nanometers
(50% detection efficiency) in diameter. This section describes the
function of the CPC, its subsystems and its components. A
discussion of operation theory and history is given first.

Theory

The CPC acts very much like an optical particle counter. However,
the particles are first enlarged by a condensing vapor to form easily
detectable droplets. The science behind the counter, therefore, is
focused on how to condense the vapor onto the particles. Portions
of the following discussion are taken from a paper by Keady et al.
[1986].

When the vapor surrounding particles reaches a certain degree of
supersaturation, the vapor begins to condense onto the particles.
This is called heterogeneous condensation. If supersaturation is too
high, condensation can take place even if no particles are present.
This is referred to as homogeneous nucleation or self-nucleation,
whereby molecules of the vapor form clusters due to the natural
motion of the gas and attractive van der Waals forces to form
nucleation sites. This condition is avoided by accurately controlling
operating temperatures. The CPC operates below the
supersaturation ratio to avoid homogenous nucleation.

The degree of supersaturation is measured as a saturation ratio
(P/Py), which is defined as the actual vapor partial-pressure divided
by the saturation vapor pressure for a given temperature:

P
supersaturation =—
P

For a given saturation ratio, the vapor can condense onto particles
only if they are large enough. The minimum particle size capable of
acting as a condensation nucleus is called the Kelvin diameter and
is evaluated from the following relationship:

P 4
saturation ratio =— = exp(LM)
Py PRTd
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where y = surface tension of the condensing fluid
M = molecular weight of the condensing fluid
p = density of the condensing fluid
R = universal gas constant
T = absolute temperature
d = Kelvin diameter

The higher the saturation ratio, the smaller the Kelvin diameter.

The saturation vapor pressure P; is defined for a flat liquid surface.
For a round liquid surface, such as the surface of a droplet, the
actual saturation vapor pressure is greater. In other words, the
smaller the droplet, the easier it is for the vapor molecules to
escape the liquid surface. The Kelvin diameter defines the critical
equilibrium diameter at which a pure droplet is stable—there is
neither condensation nor evaporation. Smaller liquid particles will
evaporate and larger particles grow even larger by condensation.
The larger particle will grow until the vapor is depleted, causing the
saturation ratio to fall until it is in equilibrium with the particle
droplet.

If the saturation ratio is controlled to a level below the critical
saturation ratio—the point at which homogeneous nucleation takes
place—condensation will not take place in a particle-free
environment.

The lower size sensitivity of the counter is determined by the
operating saturation ratio. For the counter this ratio is several
hundred percent, whereas in the atmosphere, this ratio is only a
few percent for water.

History

5-2

Historically, the counter has been called a condensation nucleus
counter (CNC). CNC technology uses three techniques to cool and
supersaturate the condensing vapor: adiabatic expansion, two-flow
mixing, and diffusional thermal cooling. The Model 3772/3771 CPC
uses the latter.

Adiabatic Expansion CNC

The first CNC was developed over a century ago by John Aitken
[1888]. His simple and completely mechanical device cooled water-
saturated air by adiabatic expansion using a pump. The droplets
were counted as they fell onto a counting grid and a calculation was
made to determine the concentration of dust particles in the sample
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volume. He made several improvements to his invention and his
portable dust counter was used for many years (Aitken [1890-91]).

Other significant developments in adiabatic-expansion CNCs
include the use of electrical photodetectors to measure the light
attenuation from cloud formation (Bradbury and Meuron [1938],
Nolan and Pollak [1946], Rich [1955], Pollak and Metneiks [1959]);
the use of under- and overpressure systems; and automation using
electrically controlled valves and flow systems. The amount of light
attenuated from the droplet cloud is monotonically related to the
concentration of particles and is calibrated either by manual
counting techniques, calculated from theory of particle light-
scattering, or by using an electrical classification and counting
method (Liu and Pui [1974]). A historical review of the expansion
CNCs is given by Nolan [1972], Hogan [1979], and Miller and
Bodhaine [1982].

Two-Flow Mixing CNC

Another cooling method turbulently mixes two vapor-saturated
flows, one hot and one cold, to rapidly cool and supersaturate the
vapor (Kousaka et al. [1982]). The condensation and droplet growth
are fairly rapid and uniform. The flows can be passed continuously
(that is, non-pulsating) through the mixing chamber onto a single-
particle-counting optical detector.

Diffusional Thermal CNC

A continuous-flow, diffusional, alcohol-based, thermal-cooling CNC
(Bricard et al. [1976], Sinclair and Hoopes [1975], Agarwal and Sem
[1980]) first saturates the air sample with alcohol vapor as the
sample passes over a heated pool of liquid alcohol. The vapor-
saturated air stream flows into a cold condenser tube where the air
is cooled by thermal diffusion. The alcohol condenses onto the
particles and the droplets grow to about 10 to 12 micrometers. The
droplets are counted by a single-particle-counting optical detector.

Continuous-flow, diffusional, water-based CPCs (TSI Model 3781,
3782, 3785, and 3786 WCPCs) were developed between 2003 and
2006. Using a patented technique (Technology from Aerosol
Dynamic Inc., U.S. Patent No. 6,712,881), an aerosol sample is
drawn continuously through a cooled saturator and then into a
heated condenser, where water vapor diffuses to the centerline of
the condenser faster than heat is transferred from the warm walls,
producing supersaturated conditions for water vapor condensing
onto the particles.
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Model 3760, 3762, and 3010 was introduced in early 90s and was
replaced by Model 3772/3771 in 2005. Both the 3772/3771 CPC
and the 3782 WCPC work only in the single count mode at
relatively high aerosol flow rates of 1.0 and 0.6 L/min respectively.
The 3772/3771 CPC uses n-butyl alcohol as the working fluid and
an external vacuum pump or source to drive the 1 L/min aerosol
flow rate. The 3782 WCPC uses water as the working fluid and uses
an internal vacuum pump to drive the 0.6 L/min aerosol flow. Both
3772/3771 and 3782 can detect 10 nm particles at 50% detection
efficiency. The 3782 can also be set to have a D, of 20 nm.

For high-concentration measurements, a classical photometric
light-scattering technique is used. The first commercial version of
this type of CNC (TSI Model 3020) used n-butyl alcohol as the
condensing fluid and has a flow rate of 0.3 L/min. TSI's Model 3020
CNC was replaced in 1988 by the Model 3022A, which was replaced
again in 2005 by the Model 3775 CPC. Both the Model 3775 CPC
and the 3785 WCPC use the photometric mode of operation to
monitor high particle concentrations up to 107 particles/cm3. These
CPCs are general-purpose instruments suitable for a wide variety of
applications.

The Model 3025 Ultrafine Condensation Particle Counter (UCPC)
was developed in 1989 and was replaced by the Model 3776 UCPC
in 2005. The 3776 has a lower size detection limit and a higher
aerosol flow rate compared to the 3025A. Both the 3776 UCPC and
3786 UWCPC utilize sheath-air-flow design to lower the size
detection limit. When growing the particles in the condenser
chamber, the highest saturation ratio occurs on the centerline of
the flow stream at some distance down the condensing tube
(Stolzenburg [1988]). Although the saturation ratio is not uniform
across the flow profile due to thermal gradients, the lower size-
sensitivity can still be predicted and measured. Using sheath air,
the UCPC confines the aerosol to the centerline of the condenser
tube where level of supersaturation is the highest. The result is very
high detection efficiency for small particles. The high sensitivity of
the Model 3776 UCPC and the Model 3786 UWCPC makes them the
only instruments of their kind that can detect particulates down to
2.5 nm. This makes them useful for atmospheric studies,
nucleation, cleanroom monitoring, and basic aerosol research, etc.
The sheath-air-flow design of the two CPCs also significantly
reduces the response time for particle detection and particle
diffusion losses. This occurs because aerosol particles are routed
directly from the inlet to the condenser and optics, not through the
saturator.

The Model 3781 WCPC is a small size and light weight instrument
that detects particles down to 6 nm and operates in single count
mode for concentrations up to 5 x 10° particles/cm®.
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The Model 3007 CPC was developed in 2001. It is a hand-held,
battery powered instrument with a size detection limit of 10 nm. It
uses isopropyl alcohol as the working fluid.

Currently, six CPCs (Models 3772, 3775, 3776, 3782, 3785, and
3786) are also commonly used with submicron size-distribution
measurement systems such as the Scanning Mobility Particle
Sizer™ (SMPS™) Spectrometers (TSI Model 3936).

Design of the

CPC

The basic instrument consists of three major subsystems: the
sensor, the microprocessor-based signal-processing electronics,
and the flow system. The sensor and the flow system are described
below.

Sensor

The sensor is made up of saturator, condenser, and optical
detector, shown schematically in Figure 5-1. The sensor grows the
sampled aerosol particles into larger droplets and detects them
optically. The laminar aerosol flow enters the saturator section
where it passes through a heated, liquid-soaked cylindrical wick.
The liquid evaporates and saturates the air flow with butanol vapor.
Butanol is replenished from a reservoir and a fill bottle.

The flow of combined aerosol and butanol vapor is then cooled
using a thermoelectric device (TED) in the condenser. The vapor
becomes supersaturated and condenses on the aerosol particles
(condensation nuclei) to form larger droplets. The droplets pass
from the condenser tube through a nozzle into the optical detector.
Liquid that condenses on the walls of the condenser tube runs back
down and is removed by the water removal system into the drain
bottle when the system is ON. Otherwise, the liquid goes back into
the saturator and is absorbed into the wick for reuse.

The sensor’s optical detector is comprised of a laser diode,
collimating lens, cylindrical lens, collection lenses, and photodiode
detector. The laser and collimating lens form a horizontal ribbon of
laser light above the aerosol exit nozzle. The collection lenses and
detector incorporate a pair of aspheric lenses that collect the light
scattered by the droplets and focus the light onto a low-noise
photodiode. A reference photodiode is used to maintain constant
laser power output. The surface temperature of the optics housing
is maintained at a higher level than the saturator to avoid
condensation on the lens surfaces.
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The Model 3772/3771 CPC operates in single particle count mode
up to 10* particles/cm’. Rather than simply counting individual
electrical pulses generated by light scattered from individual
droplets, the CPC uses a continuous, live-time coincidence
correction to improve counting accuracy at high particle
concentrations. Coincidence occurs when the presence of one
particle obscures the presence of another particle creating an
undercounting error. “Live-Time Counting” is discussed later in
Chapter 6. This option can be turned OFF by firmware command
“SCC,0".
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Figure 5-1

Flow Schematic of the Model 3772/3771 CPC
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Critical Flow

To achieve the 1.0 L/min critical aerosol flow through the sensor,
an orifice is used, operated at the critical pressure ratio to provide a
critical flow. Critical flow is very stable and is a constant volumetric
flow, assuring accurate concentration measurements despite varied
inlet pressure.

The critical pressure ratio is found by dividing the absolute
pressure downstream of the orifice P,, by the absolute pressure
upstream of the orifice P,. This ratio must be below 0.528 for air.

Critical pressure = i—D <0.528
U

Values for pressures impacting CPC flow can be obtained using
firmware commands for both 3772 and 3771 CPCs. They are also
found on the Status menu on the front panel display for 3772.
These pressures are identified as the Ambient pressure, the Orifice
pressure, and the Nozzle pressure. The ambient pressure is
typically the barometric pressure at the inlet. The orifice pressure is
the differential pressure across the aerosol flow orifice. The nozzle
pressure is the differential pressure across the nozzle. Figure 5-1
identifies the location of the pressure transducer sample ports.

To verify that critical pressure (therefore critical flow) is achieved
under extremes in inlet resistance, determine the orifice upstream
pressure from (A - N). The downstream pressure is the upstream
pressure minus the orifice differential pressure (A - N - O).

Flow is critical if the following is true:

A-N-0O
A-N

<0.528 (5-1)

Vacuum source, either a central building vacuum or a stand-alone
vacuum source (e.g., TSI Model 3032 Vacuum Pump), should
provide at least 60 kPa (18 in. Hg) vacuum and 1.0 L/min critical
volumetric flow at the inlet of each CPC supported. The flow in the
CPC is regulated by a critical orifice. Changes in the inlet pressure
will not affect the flow rate through the instrument. A vacuum
source that can provide a higher volumetric flow (e.g., TSI Model
3033 Vacuum Pump) is needed when running multiple CPCs.
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Counting Efficiency and Response Time of
the 3772/3771 CPC
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Counting Efficiency, %

The 3772/3771 CPC has a D,, of 10 nm. D, is defined as the
particle diameter at which 50% of particles are detected. The curve
fit shown in Figure 5-2 is based on testing of three 3772/3771
CPCs using sucrose particles generated by TSI Model 3480
Electrospray Aerosol Generator and size classified with TSI Model
3080 Electrostatic Classifier and Model 3085 Nano Differential
Mobility Analyzer (DMA) . The counting efficiency is calculated by
comparing the CPC readings to TSI Model 3068A Aerosol
Electrometer readings.

Note the particle concentration measured by the CPC is the total
number concentration of all particles that a CPC can detect. This
measurement provides no size differentiation and it is not corrected
using the CPC counting efficiency curve. When the 3772 CPC is
used as part of a Scanning Mobility Particle Sizer (TSI Model 3936
SMPS), the counting efficiency curve is used to correct particle
count data to provide particle size distribution.

The 3772/3771 CPC has a fast response time. T,,, defined as the
time it takes for the CPC reading to reach 95% of a concentration
step change, is about 3 sec for the 3772/3771 CPC. Figure 5-3
shows the response time curves. The curves are based on averaging

of three CPCs.

110
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Figure 5-2
Counting Efficiency Curve of 3772/3771 CPC
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Response Time of 3772/3771 CPC

Technical Description

Time, Sec

10

5-9










CHAPTER 6
Particle Counting

This chapter discusses specific aspects of particle counting and
particle count measurements performed using the Model
3772/3771 Condensation Particle Counter (CPC).

The Model 3772 CPC has two modes for particle counting:

O Concentration mode, where data is presented as particle
concentration in p/cc, updated each second on the display (the
maximum time resolution is tenth of a second).

O Total Count Mode (Totalizer Mode), where total particle counts
are accumulated and presented each second.

The Model 3771 CPC has the Concentration mode and is capable of
Total Count Mode using the Aerosol Instrument Manager software.
Concentration mode is commonly used for most applications. Total
Count Mode is used at very low particle concentrations. Particles
can be accumulated until a desired statistical accuracy is achieved.
Refer to the section below discussing total count accuracy.

In the concentration mode, the CPC operates in the single count
mode with continuous, live-time coincidence correction over the
range between O and 10" particles per cubic centimeter.

Optical Detection

Submicrometer particles are drawn into the counter and enlarged
by condensation of a supersaturated vapor into droplets that
measure several micrometers in diameter. The droplets pass
through a lighted viewing volume where they scatter light. The
scattered-light pulses are collected by a photodetector and
converted into electrical pulses. The electrical pulses are then
counted and their rate (live-time corrected) is a measure of particle
concentration.
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Total Count Accuracy

At very low concentrations, the accuracy of the measurement in the
single-particle-counting mode is limited by statistical error. If the
total number of particles counted in each time interval is very
small, the uncertainty in the count is large. The relative statistical
error of the count o; is related to the total count n by

In total count mode (or totalizer mode), the accuracy of the
concentration is increased by sampling for a longer period and
counting more particles. The concentration is calculated by:
total counts _n
volumeof aerosol flow inthesensor Qxt

concentration =

where
Q = Aerosol flow rate, nominally 1000 cm’/min (16.7 cm’/sec).
t = sample time in sec.

Live-Time Counting

6-2

Coincidence occurs when more than one particle occupies the
optical sensing region simultaneously. The optical detector cannot
discriminate between the particles and multiple particles are
counted as a single particle. At higher particle concentrations,
particle coincidence begins to significantly impact the measured
concentration.

The CPC corrects for coincidence continuously with the instrument
electronics performing a “live-time” correction. Live-time refers to
the time between electrical pulses. This is the total measurement
time interval minus the time during which the counter is disabled
with one or multiple particles in the optical sensing volume (the
Dead Time). The dead time should not be included in the sample
time since particles can’t be counted during this time interval
except the ones that are already in the viewing volume. The actual
particle concentration therefore equals the number of counted
particles divided by the live time and the aerosol flow rate.

To measure live time, a high-speed clock and accumulator are
used. The accumulator adds up the live time and the counter adds
up pulse counts. The particle concentration is then calculated by
_ number of counted particles 1

accumulated live- time aerosol flow rate

C

a
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This option can be turned off by firmware command “SCC,0”.

Coincidence Correction for Pulse Output

Live-time coincidence correction is not available if you are using the
pulse output from the CPC which only provides raw counts of the
particles. Concentration can be calculated using raw counts and
the aerosol flow rate of the CPC. This concentration is only accurate
for low particle concentrations when coincidence level is low, e.g., in
clean air or after a filter. If the pulse output is used for higher
concentration up to 10* particles/cm’, the following calculation
improves the accuracy of the particle concentration obtained from
pulse output:

N, = N,exp (N,Qr)

where N, = the actual concentration (particles/ cm?)
N, = the indicated concentration (particles/ cm’)
Q=16.67 cm’/s
T, = 0.35 microsecond is the nominal effective time each
particle resides in the viewing volume

The N, in the exponent can be approximated by Ni.

Table 6-1 shows the calculated coincidence for several
concentrations. Coincidence is 1-Na/Ni.

Table 6-1
Coincidence Levels Based on 0.35 psec Pulse Width
Concentration Calculated Coincidence
(particles/cm®) (%)
10 >.01
100 .06
1000 .59
5000 3.05
10000 6.4

Concentrations obtained from pulse width and coincidence-
corrected with the above equation are slightly different from the
live-time corrected concentrations on the front panel display. The
former concentration is corrected based on nominal pulse width but
the latter is corrected based on the actual pulse widths for
particles. For concentrations above those in Table 6-1, contact TSI
Incorporated for a more suitable particle counter.

Caution

At concentrations above 10,000, two exclamation marks appear at the sides of
the concentration reading on the front panel of the 3772. If this occurs, the
number of particles shown on the display could be lower than the actual
concentration.
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Particle Size Selector

6-4

The particle size selector (Model 376060 PSS) is an accessory (not
included) to the Model 3772/3771 CPC to let you choose any of 11
cutoff sizes between 0.010 and 0.122 micrometer. The PSS uses a
series of fine-mesh screens to remove small particles by diffusional
capture. An additional set of diffusion screens (available separately,
Model 376061) lets you select cutoff diameters up to 0.25
micrometer. The cutoff sizes listed below are calculated using
efficiencies for 3772/3771 CPC and diffusion screens.

Diffusion Particle size cut,
screens um (50%)

0.010
0.020
0.031
0.041
0.052
0.062
0.072
0.083
0.092
0.102
0.112
0.122

— = OO NOUbd WN~=O

— O
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CHAPTER 7
Computer Interface

and Commands

This chapter provides computer interface and communications
information for the Model 3772/3771 Condensation Particle
Counter (CPC). Information on the Flash Memory Card for the 3772
is also provided.

Computer Interface

This section includes descriptions on USB, Ethernet connections,
RS-232, and the Flash Memory Card (3772 only).

USB

USB communications are provided with the 3772/3771 CPC, for
use with the supplied Aerosol Instrument Manager® software.
Simply connect the supplied USB cable to the instrument and
computer having Windows’-based operating system and the Aerosol
Instrument Manager software. Refer to the Aerosol Instrument
Manager manual for specific system requirements, including
operating system version.

Ethernet

The Ethernet port on the CPC can provide system status
information over the internet and is updated every five seconds.
Your web browser must support java plug-ins.

Network Setup

1. Connect the CPC to the network using an Ethernet cable and
turn the instrument on.

2. On the computer that is connected to the same network using
another Ethernet cable, run the device discovery program
Discovery.exe found on the supplied Aerosol Instrument
Manager Software CD or in the folder where the Aerosol
Instrument Manager software is installed. This Discovery.exe
program will find CPC devices on the network.

7-1





Note: This program will only find CPCs that are on the same
subnet. Example: If the computer is at IP address
10.1.3.1, the device discovery program will find all CPCs
on 10.1.3.x. Also, if the Windows® firewall is enabled (on
by default in service pack 2), the device discovery will not

find any CPCs. Once the IP address is known, you can
access the CPC from another subnet.

3. Select the device and choose Configure network settings.

22 Digi Device Discovery

1P Address MAC Address

00:40:90: 24:E5:F1

Device

Device Tasks

Digi Conneckt ME

Open web interface
Configure network settings

Restart device

Other Tasks

Refresh view
Help and Support:

Details

Digi Connect ME
Configured (Statich

1P address: 10.1.3.172
Subnet mask: 255.255.0.0
Default gateway: 0.0.0.0
Serial ports: 1
Firmware: §2000556_E

1 device

Iy Device MNetwork

Figure 7-1
Digi Device Discovery Screen

4. Talk with your network administrator to verify the correct
network settings this device should operate at. If needed, the
MAC address can be located on the back of the instrument or in
this pop-up window. Fill in the appropriate information and
click Save.

®Windows is a registered trademark of Microsoft Corporation.
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Configure Network Settings §|

The network settings can be aszigned automatically if your network,
supports this capability. Otherwise, vou need to azk your network
administrator for the appropriate network, settings.

Device: Diigi Connect ME
MALC Address: 00:40:90: 24:E8:F1
() Obkain network zettings automatically

(%) Manually configure network settings

IP Address: m. 1 .03 172
Subnet Mask; 285.285 .0 .0
Default Gateway: o.o0.0.0
I Save l [ Cancel
Figure 7-2

Configure Network Settings Screen

5. Close the device discovery program and restart the CPC. It takes
about a minute for the Ethernet to initialize.

6. If the CPC is in the same subnet as the computer, start the
device discovery program Discovery.exe and click on Open web
interface. The username and password are “tsicpe” as shown
below in Figure 7-3. If the CPC is not in the same subnet as the
computer, type in the IP address in your web browser. Work
with your network administrator to make sure the IP address is
accessible from the network your computer is in.

< Digi Connect ME Configuration and Management - Microsoft Internet Explorer EI@E|
#

File Edt ‘Wiew Favorites Tools  Help

QBacK M > ) lﬂ |§| _;‘J /..7\’ Search ‘:;/“T'\';:’Favorites é-‘\t = = ﬁ ‘i‘i

fiddress ] hetp:/10.1.3.200flogin. htm vB e ks
1'“- i Digi Connect ME Configuration and Management
Conneclware™
© Help

Wwelcome to the Configuration and )
Management interface of the Digi Username: ||

Connect ME
Password:

Please specify the username and

password to login to the web interface.

See the User Guide and documentation
for more information on logaging in or
retrieving a lost password,

Copyright ® 1996-2005 Digi International, Inc All rights reserved.
www, digi com

Figure 7-3
Digi Connect ME Configuration and Management Screen
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7. From the web interface of the device discovery program or the
web browser, you can monitor the status of the CPC.

2 Main Screen HTML Page - Microsoft Internet Explorer
File Edit View Favorites Tools Help

@Back x: \J & @ f;j )..__jSearrh k./:'xf Favorites e‘ L‘v _,’.. _ﬁ] = | Ji

Address | &] http://10. 1. 12. 162/FS/WEB/index. htrmi

Model 3772
Serial Number 70310456

Saturator Temperature 139.0°C
Condenser Temperature :220°C

Optics Temperature 401°C
Armbient Temperature 1 25.0°C
Pressures (kPa) “AI100.0 O:82.4 N:2.501
Laser Current 168 mA

Sample Flowrate :1000 cc/min
Liguid Level “FULL (2494)
Concentration 12.31e+04 plec
Analog In 1 :0.00V

Analog In 2 0.00V
Firmware Version 12,31

To view configuration options, click on Configuration

#&] Applet TSIApplet started

Figure 7-4
Main Screen HTML Page

Flash Memory Card Specification (3772 only)

A file is created on the Flash Memory Card when the Data Logging
option is turned ON from the front panel of the 3772. Each file will
contain one hour of data, unless if the run is stopped early with the
STOP option. See Chapter 4.

Each file has this format:
LINE 1: “TSI CPC DATA VERSION 1~
LINE 2: start time of this file (the first number is the total number

of seconds elapsed from midnight Jan. 1, 1970)
LINE 3: data average interval in seconds
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LINE 4: Instrument model number, firmware version number,
instrument serial number (result of the “RV” command)

LINE 5: first data set

LINE 6: second data set

LINE X: last data set

The data sets are defined as counts, concentration, analog input 1,
analog input 2, status. These data sets are saved every average
interval so if the average interval was one minute, the counts would
be total counts (coincidence-corrected) over the last minute, etc.
Instrument operates in normal condition if the status bit shows
zero. A nonzero status indicates that some operating parameters
deviate from normal conditions. See RIE command in Appendix B.

Every time a user begins a new run, a unique file will be created
with the date and time as the file name.

Www_Mmm_dd_hh_mm_ss_yyyy

Where Www is the weekday, Mmm the month in letters, dd the day
of the month, hh_mm_ss the time, and yyyy the year.

Disclaimer: Due to the fact that the FAT file systems are by design not
power fail-safe, if power is lost, part or all of the file system may be lost.

Note: Keep the amount of data stored in the flash memory card
under 64 MB to avoid long overhead time before generating a
new data file each hour in the card.

Caution

Remove the flash memory card following the correct procedures:

1. Use Safely Remove Hardware option in Windows to disconnect the card
reader from the computer—stop USB Mass Storage Device.

2. After the message Safe To Remove Hardware: The “USB Mass Storage
Device” device can now be safely removed from the system appears,
physically remove the flash memory card from the card reader.

Failure to follow these procedures may result in failure to log data with the flash

memory card.

RS-232 Serial Communications

The communications ports are configured at the factory to work
with RS-232-type devices. RS-232 is a popular communications
standard supported by many mainframe computers and most
personal computers. The Model 3772/3771 CPC has two 9-pin, D-
type subminiature connectors on the back panel labeled Serial 1
and Serial 2. Figure 7-5 shows the connector pins on the serial
ports; Table 7-1 lists the signal connections.
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Note: This pin configuration is compatible with the standard IBM PC
serial cables.

COM Port . o Male Connector

Figure 7-5
RS-232 Connector Pin Designations

Table 7-1
Signal Connections for RS-232 Configurations
Pin Number RS-232 Signal
1 GND
2 Transmit Output
3 Receive Input
4 (Reserved)
5 GND
6 J—
7 J—
8 J—
9 —

An external computer is connected to Serial 1 for basic instrument
communications and when Aerosol Instrument Manager software is
used. Serial 2 is used for attaching another instrument. Read and
write commands are sent and received from Serial 2 by the
computer connected to Serial 1. Serial 1 and Serial 2 can have
different baud rates and communications protocols. Normally, only
Serial 1 is used.

Commands
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All commands and responses, unless specified as binary-encoded,
are sent or received as ASCII characters. All messages are
terminated with a <CR> (0x0OD) character. All linefeeds (0x0A)
characters are ignored and none are transmitted. Commands are
case insensitive. Backspace character (0x08) will delete previous
characters in buffer.

In this specification, values enclosed by “<>” indicate ASCII
characters/values sent/received. For example, <,> indicates the
comma was sent or received via the communications channel.

Integers are 32-bit values. Floating point are IEEE() 32-bit values.

Integer and floating point values are ‘C’ string compatible ASCII-
encoded. For example, an integer value of
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<11011100101110101001100001110110> binary, would be sent
as <3703216246>.

When char, integer or hex-decimal data is sent with more than
one digit, leading zeros should always be left off. If the value of
the data is zero, then one zero must be sent. An exception is the
value zero in real format, it should be sent as O0000EO.

The firmware commands are divided into the following categories:
0 READ Commands
SET Commands

a
O MISC (MISCELLANEOUS) Commands
0 HELP Commands

READ commands are used to read parameter from the
instrument (flow rates, pressures, temperatures, 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 “<,>”. SET commands can be identified by a leading "S". The
instrument will reply to all set commands with the string “OK”
<CR>.

MISC (MISCELLANEOUS) commands will be used for calibration
and SMPS mostly.

HELP commands. A list of firmware commands are accessible
using the HELP command sent to Serial 1 of the CPC. The
firmware commands are also listed in Appendix B. The commands
can be used to read CPC data, instrument statuses, set
instrument operating parameters, and send and receive data from
another instrument attached to the Serial 2 port.

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

To use the HELP commands and the firmware commands, a
program capable of sending and receiving ASCII text commands can
be used. A terminal program such as “HyperTerminal” (supplied
with Windows®) is appropriate.

Connect to Serial 1 of the Model 3772/3771 CPC and perform the
following steps:

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

2. Enter a name for the connection, for example, TSI-3772.
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“¢ New Connection - HyperTerminal

File Edit View Call Transfer Help

(E—3= A LMY o hnection De ptio

% New Connection

Enter a name and choose an icon for the connection

Name:
Ts1-3774 i

lcon:

HSsBeRBxeBs.

ok || cancel

Disconnected Auto detect Auto detect SCROLL  CAPS NUM Capture  Print echo

Figure 7-6
Connection Description Screen

3. Enter the communications (COM) port.

Connect To

TSI-3772

Enter details for the phone number that you want to dial:

Countryiregion: United States (1)

Phone nurmber: ‘ ‘

Connect using:

[ oK ” Cancel l

Figure 7-7
Connect To Dialog Box

4. Enter the port settings described below and click OK.
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COM1 Properties

Port Settings

Bits per second: | 115200 v
Data bits: |8 v
Barity. |None v

Stop bits: |1 v

Flow control:

[ Bestore Defaults l

oK H Cancsl H Apply l

Figure 7-8
Port Settings Dialog Box

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

# TS1-3772 - HyperTerminal

File Edit View Call Transid -
T51-3772 Properties ? X

3 ASCH Sending
[l Send ine ends with line feeds

B —_—
d  © Echo typed characters locally
Line delay |0 aliseconds
E r
Aum Character delay 0 | milliseconds

Tel] ASCHl Recenng

[v] Append line feeds to incoming line ends

Bac [¥] Eorcs incoming data to 7-bit ASCI|
= [¥] Wrap ines that exceed terminal width
[ ok [ concet |
o o= ]
Connected 0:01:49  Auto detect Auto detect “(1011  CAS NUM Conliee Sl e B

Figure 7-9
ASCII Setup Dialog Box
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6. Now select FilelSave As and save the file to the desktop for

€asy access.

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

8. Type in firmware commands to communicate with the CPC. A

list of firmware commands can be obtained using the HELP
commands or from Appendix B. To obtain the list from HELP
command, 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.
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CHAPTER 8
Maintenance and

Service

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

Regular maintenance of the Model 3772/3771 Condensation
Particle Counter (CPC) will help ensure years of useful operation.
The frequency of service depends on the frequency of use and the
cleanliness of the air measured. This section describes how to
check and service some components of the CPC.

You are encouraged to call TSI for assistance in performing special
maintenance. It may also be helpful to have the technician, tools,
and the CPC close to the telephone when discussing the problem
with a TSI technician. Refer to this chapter for directions on
contacting a technical resource at TSI.

WARNING
Procedures described below may require removal of the instrument cover. The
instrument must be unplugged prior to service to prevent possible electrical
shock hazard.

WARNING

Unplug the instrument prior to removing the cover to avoid potential of exposure
to laser radiation.

Caution

Whenever performing service on internal components avoid damage to the CPC
circuitry by not stressing internal wiring, through bumping, snagging or pulling.
Also use electrostatic discharge (ESD) precautions:

O Use only a table top with a grounded conducting surface.

O Wear a grounded, static-discharging wrist strap
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Replacement Parts Kits

In addition to replacement parts found in your supplied accessory
kit, replacement items are also available from TSI to keep your CPC
operating for many years. Parts are available in kits listed below.
Please contact your TSI representative for details and purchase of
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these items.

Table 8-1
3772/3771 CPC Maintenance and Replacement Kits
TSI Part No. Name Description
1031513 Replacement Kit of all filters
Filter Kit, CPC used within the
3772 and 3771 CPC.
1031514 Replacement Two (2)
saturator wick replacement
kit, CPC 3772 wicks and O-
and 3771 rings for the
removable
saturator base.
1031515 Maintenance Kit All items listed
Model, CPC 3772 | above.
and 3771.
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TSI Part No.

Name

Description

1031548

Fill/Drain Bottle
Kit, CPC 3772
and 3771

Fill and drain
bottles,
bracket,
vacuum drain
cap, tubing and
fittings.

1031492

Kit, Charcoal
Filter, large, CPC

Five (5) large
charcoal filters
used to remove
butanol from
exhaust (~ten-
day
effectiveness for
each filter).

1031493

Kit, Charcoal
Filter, small, CPC

Five (5) small
charcoal filters
used to remove
butanol from
exhaust (~two-
day
effectiveness for
each filter).

Maintenance and Service
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Draining Butanol from the Butanol

Reservoir

8-4

Butanol must be drained from the butanol reservoir prior to
removing the saturator base and wick from the bottom of the CPC.
To drain the butanol reservoir:

1.

Connect butanol drain bottle (from the accessories) to the drain
fitting on the back of the CPC using the mating quick-connect
fitting.

Place the drain bottle on the floor.

3. The Drain can be initiated by using the “SDRAIN” firmware

command on 3771 or by using the User Settings menu on the
3772. Detailed instructions for initiating the manual Drain for
the 3772 are provided in Chapter 4.

The butanol drain valve will open. Often there is not a
significant column of liquid in the butanol drain line to initiate
flow from the butanol reservoir. Tipping the instrument toward
the drain port and squeezing the butanol drain bottle will
sometimes help start flow. When releasing the squeezed drain
bottle, plug the hole on the bottle cap to create a vacuum and to
initiate draining.

A special vacuum drain bottle cap is provided in the accessory
kit to facilitate butanol draining using a vacuum source.

Figure 8-1 shows the special cap, which consists of a vacuum
port and a Balston filter. The Balston filter provides a bypass
flow path. Connect the external vacuum source to the vacuum
port. Connect the drain line to the Drain port on the CPC. When
drain valve is open and vacuum is applied, the vacuum helps to
pull excess butanol from the internal butanol reservoir and the
wick. Exhaust from the external vacuum source contains
butanol vapor and must be directed away from work spaces.

The butanol reservoir in the 3772 and 3771 CPCs is much
smaller than the reservoir in predecessor models 3010, 3760, or
3762. The total volume drained from the reservoir and tubing is
typically less than 7 ml. During draining, Auto-Fill is
automatically turned off.
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Figure 8-1
Vacuum Drain Cap Assembly

Note: When draining is stopped, the Auto-Fill must be turned on
again by selecting this option from the User Settings menu
Jor 3772 or through “SFill” firmware command for 3772
and 3771. Restarting the CPC can also turn Auto-Fill on.

Caution

Whenever the instrument is turned on, the Auto-Fill is activated. Do not
run the instrument with the saturator base and wick removed to prevent
spilling butanol from the butanol reservoir.

Changing the Filters

The CPCs use three liquid filters. The liquid filters are for butanol
fill, butanol drain, and the water removal system. The filter in the
water removal system is called Micro-pump filter. These filters may
require replacement at intervals that depend on usage. As a general
estimate the butanol fill filter needs to be replaced after every 2000
hours of usage, while the other two are replaced only as

needed. Replacement filters are supplied in the accessory kit and
are available from TSI as maintenance kits. Refer to the earlier
section Replacement Parts Kits.
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Butanol Fill and Drain Filters

The butanol fill filter is found in the fill line leading from the
butanol fill bottle to the fill solenoid valve. The butanol drain filter
is found in the line between the reservoir and the drain solenoid
valve (Figure 8-2).

1. Read warnings and cautions at the beginning of this chapter.

2. Unplug the instrument and lift off the cover by first removing
the cover screws.

Find the filter shown in Figure 8-2.

Remove the tubing from the barbed fittings at the back and
front of the filter.

5. Replace the filter with the 73 pm filter (P/N 1602088) found in
the accessory kit. This filter has no preferred direction.

Drain Filter

Figure 8-2
Replacing the Butanol Fill and Drain Filters

Micro Pump Filter

The Micro-pump is used to remove condensed water vapor before it
contaminates butanol in the saturator. The micro-pump filter
protects the pump from contamination which could impede its
performance. This filter should generally be replaced only if it
becomes blocked. A blocked micro-pump filter prevents condensate
from being extracted.

When using the water removal feature it is advisable to check the

drain tubing to the drain bottle to verify liquid movement. The
liquid column will pulse a small amount toward the drain bottle,
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approximately once per second as the micro-pump actuates. If no
pulsing occurs, first verify that the water removal feature is on (see
User Settings in Chapter 4). If the feature is on and no liquid flows
in the liquid column, the micro-pump filter needs to be changed.

1. Read the warnings and cautions at the beginning of this
chapter.

2. Unplug the instrument and lift off the cover by first removing
the cover screws.

3. Find the filter shown in Figure 8-3.

Remove the tubing from the barbed fittings at the back and
front of the filter.

5. Replace the filter with the 25 pm filter (P/N 1500192) found in
the accessory kit. This filter has no preferred direction.

-

X

N

Figure 8-3
Replacing the Micro Pump Filter

Removing and Installing the Saturator
Wick

Saturator wick can be removed to facilitate drying prior to shipping
the instrument. It is no longer necessary to wait overnight to let the
saturator wick dry out as for the predecessor Model 3760, 3762, or
3010 CPC.
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Caution

Removing the saturator wick will cause butanol (butyl-alcohol) vapors to diffuse
into the work space. Wick replacement operations must be performed in a well
ventilated area, ideally under a fume hood. If unfamiliar with butanol, refer to the
Chemical Safety information at the front of this manual.

Caution

Whenever the instrument is turned on, the Auto-Fill is activated. Do not run the
instrument with the saturator assembly removed to prevent spilling butanol from
the butanol reservoir.

Tools Needed

6” plastic bag with seal, Phillips-head screwdriver, and paper
towels. Refer to figures that follow.

To remove and reinstall the saturator wick, follow the instructions
below.

1. Find a plastic bag with seal, suitable to hold the 3” x 1.75”
saturator wick. The 6” x 6” sealable plastic bag (P/N 1380024)
included in the accessory kit can be used for this purpose. The
wick will likely be wet with butanol when removed and needs to
be placed in the bag immediately to reduce release of butanol
vapors.

2. Connect the Drain Bottle to the drain port at the back of the
instrument.

3. Initiate the Manual Drain option as described in “Draining
Butanol from the Butanol Reservoir” section.

4. Once drained, turn the CPC off and remove the vacuum source
from the external vacuum port.

5. Remove the inlet screw indicated in Figure 8-4 on the front
panel and pull out the inlet tube. The inlet tube will not pull all
the way out. It will stop when it has cleared the saturator block,
approximately half an inch.
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Figure 8-4
Inlet Tube

6. To access the saturator base on the bottom panel, tilt the CPC
on its side so it is lying on the table. Place paper towels on the
table under the saturator base to absorb any butanol that spills
out. Do not turn it upside down.

7. Remove the three screws which hold the base in the saturator
block as shown in Figure 8-5. Release the handle in the base by
loosening the thumbscrew.

Remove these screws

Release saturator
handle

Figure 8-5
Wick Removal
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8. Using the saturator handle, pull the saturator base straight out.
The wick is attached and will be removed with the base. It will
be snug but avoid using a twisting motion.

9. Remove the 2-inch screw securing the wick to the base as
indicated in Figure 8-6. Pull the wick straight off the base.
Avoid using a twisting motion because the wick is keyed onto
the base with dowel pins and the soft wick material can rip.

Remove Screw

/ Saturator Wick

Saturator Base

Figure 8-6
Removing the Wick from the Saturator Base

10. Place the wick in the plastic bag and seal the bag. Replace the
saturator base in the CPC prior to shipping. This will prevent
the aerosol path from becoming contaminated. Resecure the
inlet tube. The wick can be dried by putting it in a vacuum for
three hours. However, it is not necessary to dry the wick before
putting it back into the saturator block after the shipment.

11.To install a wick back into the CPC, confirm that four O-rings
on the saturator base are in place and undamaged.
Replacement O-rings are provided in the accessory kit if an O-
ring on the saturator base becomes lost or damaged. Figure 8-7
shows the two outer O-rings (P/N 2501172, 2501569) and
Figure 8-8 shows the two inner O-rings (P/N 2500021).
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O-Ring (P/N 2501172)

O-Ring (P/N 2501569)

Figure 8-7
O-Rings on Saturator Base (P/N 2501172 and 2501569)

» O-Rings (P/N 2500021)

Figure 8-8
O-Rings on Saturator Base (P/N 2500021)

12. Slide the wick back onto the saturator base using the two dowel
pins to key it. This will keep the holes aligned as the wick is
replaced in the CPC. Replace the 2-inch screw and washer.

13.Keep the CPC turned off and the vacuum supply disconnected
from the external vacuum port on the back panel. Tilt the CPC
on its side to access the bottom panel. The CPC can lie flat on
its side but do not turn it upside down.
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14. Reinsert the wick and base and secure to CPC using the three
screws indicated in Figure 8-5. In case the wick does not insert
easily, follow these tips:

i. If the CPC has recently been turned off, the saturator may
still be warm. Let the saturator cool down to room
temperature before inserting the wick.

ii. Apply Krytox O-ring grease (accessory Kkit) to the bottom O-
ring only. Do not use silicon-based O-ring grease.

15. Reinsert the inlet tube and secure the sleeve with the screw
indicated in Figure 8-4.

16.Turn on the instrument and use the Auto-Fill option to refill the
reservoir with butanol. See “User Settings” in Chapter 4.

Verifying Flow Rate

To measure the instrument sample flow rate, connect a low
pressure-drop flowmeter to the CPC inlet. A bubble flowmeter or a
thermal flowmeter works best. A TSI mass flowmeter also works
because it is corrected for atmospheric pressure to give volumetric
flow. The flow rate should be 1.0 L/min (0.035 cfm) +5 percent. If
the flow rate is too low, the orifice or nozzle may be plugged, the
vacuum may be less than 18 inches of mercury, or the pressure
drop of the test flowmeter may be too high. A clogged orifice or
nozzle can be further verified by the pressure drop across the orifice
or nozzle which can be read on the front panel display for the 3772
or through serial command for both 3772 and 3771. If you suspect
a clogged orifice or nozzle, contact TSI for instructions.

Calibration

Aside from the optics alignment, the initial factory checkout of the
electronics, and the periodic flow verification, the CPC requires no
calibration. The flow is controlled by a critical orifice, and thus, no
adjustments are needed. The minimum detectable particle size is
controlled by the supersaturation ratio of the fluid vapor in the
condenser. Since the fluid droplets grow to nearly the same size,
there is no particle size discrimination by electrical pulse-height.
Finally, the CPC is a single-particle counter, there is no photometric
calibration for concentration.

Model 3772/3771 Condensation Particle Counter





Correcting Flooded Optics

Due to the nature of the reservoir in the CPC, the inlet tube must
not be plugged for more than a couple seconds when the
instrument is in operation. In addition, the instrument should not
be tilted more than 10° when it is in operation. In these events the
vacuum flow can draw fluid from the reservoir through the entire
flow path, including the optics.

Usually the first sign of flooding is the particle concentration
decreases or changes erratically. In addition, the vacuum may have
trouble functioning, you may see fluid in the vacuum lines, or you
may hear a slurping sound coming from the CPC.

If you suspect the CPC is flooded, shut off the vacuum pump or
disconnect the vacuum system. Follow these steps to dry out the
instrument:

1. Drain the reservoir following the steps in the “Draining Butanol
from the Butanol Reservoir” section in this chapter.

3. Remove the cover from the CPC.

Inspect all tubing to make sure that no fluid is in the lines. If
there is, remove the tubing and blow out any fluid with clean,
compressed air. Tubing needs to be removed prior to cleaning to
avoid other parts, e.g., pressure transducer, that could be
damaged by compressed air.

7. With fill bottle disconnected, run the CPC for 48 hours with
vacuum to thoroughly dry out the optics.

Refill the CPC with clean working fluid.

9. While sampling room air, use an oscilloscope to check the pulse
height of the analog pulses from the CPC. See the “Viewing
Analog Pulses” procedure next in this chapter.

10.If the pulse height is not within a normal range, the CPC should
be returned to TSI to have the optics cleaned. Refer to
“Returning the CPC for Service” later in this chapter for
directions on returning the CPC to TSI.

Viewing Analog Pulses

You may want to observe the pulse shape of droplets passing
through the CPC optics by looking at the electronic signal produced
in the photodetector. This signal is produced when detecting
scattered light from the droplets passing through the laser beam. In
general, the pulses will be fairly uniform in shape and size
regardless of the initial size of the particles detected.
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Notes: U Viewing analog pulses should only be attempted by
someone who is_familiar with the operation of the CPC
and who is technically qualified.

Q When removing the cover of the CPC, observe the laser
warning label on the inside of the instrument.

WARNING

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

Caution

Whenever performing service on internal components avoid damage to the CPC
circuitry by not stressing internal wiring, through bumping, snagging or pulling.
Also use electrostatic discharge (ESD) precautions:

U Use only a table top with a grounded conducting surface.
O Wear a grounded, static-discharging wrist strap

Using an oscilloscope, observe the analog electrical pulses from the
photodetector by following these steps:

1. Remove power from the CPC.

2. Remove the CPC cover.

3. Connect a “SMC Plug to BNC male” cable (not included) from
J101 on the detector board to an oscilloscope as shown in
Figure 8-9. The oscilloscope should be 50-ohm terminated.
When viewing the signal on the scope, the signal height should
be scaled down by a factor of 10. For a typical pulse of 3 volts,
the scope will read only 300 mV.

Figure 8-9
Connecting SMC Plug to Detector Board
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4. Apply power to the CPC.

A typical analog pulse trace for 3772/3771 CPC is shown in
Figure 8-10. The minimum pulse amplitude is about 1 volt
(100 mV on the oscilloscope) and the pulse width is about
0.30 microseconds. The pulse amplitude may range as high as
3.5 volts (350 mV on the oscilloscope).
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Figure 8-10
Typical Analog Pulse Trace

False Count C

heck

If you find that the CPC is continually counting a lot of particles
even with a high efficiency (HEPA or ULPA) filter on the inlet, the
CPC may have developed a leak or the aerosol flow path may have
become contaminated with butanol.

To eliminate the possibility of butanol contamination, follow the
directions for “Correcting Flooded Optics” in this chapter. If the
false count problem continues, it is most likely due to a leak. If the
wick has recently been replaced, confirm that the aerosol inlet is
secured on the front panel.

If the false count problem continues, return the CPC to TSI for
service.
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Error Messages and Troubleshooting

The table below provides basic information on the errors generated
by the Model 3772/3771 CPC, and suggestions for corrective

Table 8-2
Troubleshooting

action.

When an error occurs, the status LED on the front panel of the CPC
turns off. Status parameters can provide information for
troubleshooting the error. On the 3772/3771, the RIE firmware
command will list instrument errors. On the 3772, in addition, refer
to the Status Screen for status errors (see Figure 4-8). An
exclamation mark will appear next to the parameter which is out of
range. For both CPCs, refer to the table below to help identify the

problem.

When called upon to remove the cover for service in the
troubleshooting table, follow instructions below:

1. Read warnings and cautions at the beginning of this chapter.

2. Unplug the instrument and remove the instrument cover screws
before lifting off the cover.

Problem

Description

Problems/Suggestions

Concentration out of
range

Concentration is higher than
10* particles/cm’®

Concentration entering the CPC is too high.
Dilute the aerosol before it enters the CPC.

Saturator temp out
of range

Saturator temperature out of
range ~+0.5 degrees C.

Warm up is not complete, instrument is operating in
an environment outside its specified operating range
(10 to 35°C), or instrument was removed recently
from a temperature extreme.

Place instrument in an appropriate environment,
allow temperature to stabilize.

Condenser temp out
of range

Condenser temperature out of
range ~+0.5 degrees C.

Warm up is not complete, instrument is operating in
an environment outside its specified operating range
(10 to 35°C), instrument was removed recently from
a temperature extreme, or fan flow is impaired.

Place instrument in an appropriate environment,
allow temperature to stabilize. Clean or replace fan
filter, remove object blocking fan flow

Optics temp out of
range

Optics temperature out of
range =2 degrees C.

Warm up is not complete, instrument is operating in
an environment outside its specified operating range
(10 to 35°C), or instrument was removed recently
from a temperature extreme.

Place instrument in an appropriate environment,
allow temperature to stabilize.
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Problem

Description

Problems/Suggestions

Nozzle or orifice
pressure getting
near to out of range;
aerosol flow rate
getting near to out of
range — Indicated by
a ‘? instead of a
on the display.

The orifice and/or nozzle flow
is getting close to being out of
range. This uses tighter
criteria than the “Nozzle or
orifice pressure out of range”
condition described in the next
row, so it is a warning and not
an error.

Apply sufficient external vacuum.

Contact a TSI service technician.

Nozzle or orifice
pressure out of
range; aerosol flow
rate is out of range

Orifice pressure is <10 or >90
kPa; Nozzle pressure is <1 or
>6 kPa.

Apply sufficient external vacuum.

Contact a TSI service technician.

Flooded instrument

Butanol liquid is present in the
instrument optics causing a
variety of problems including
erratic or very low
concentration readings and/or
changes in transducer
pressure measurements.

Although the 3772 and 3771 CPCs have been
designed to resist flooding, it can occur if the
instrument is shipped without properly drying or
removing a wet wick. Flooding can also occur if the
inlet is blocked or the instrument is tipped during
operation.

Once the instrument cover is removed, evidence of
flooding is seen by examining tubing for the
presence of liquid. Start by looking at tubing
connected to the pressure transducers. Carefully
remove and dry out wet tubing then replace. Note:
Don’t dry the tubing in place to avoid damaging other
parts in the CPC.

If flooding has occurred, it will be necessary to dry
the optics block.* Begin by draining the butanol and
removing the wick as described earlier. Replace the
saturator base without replacing the wick. Turn the
instrument on and make sure the external vacuum
is on and the fill bottle is disconnected. Allow the
instrument to operate for at least 20 hours. Refer to
“Correcting Flooded Optics” for detailed
instructions.

Status: Laser power
low

Detector in the laser indicates
low laser power.

Contact a TSI service technician.

Status: Liquid level
low

Liquid level sensor in the
reservoir does not detect the
presence of butanol.

Verify that no liquid is present in the reservoir by
taking off the cover of the CPC and looking through
the reservoir window. If it is difficult to identify the
liquid level, using a flash light and tipping the CPC
a couple degrees are helpful. If no liquid level line is
seen, check carefully to confirm that it is not
overfilled, indicating a problem in the butanol level
detection circuitry.

Add butanol to the fill bottle and connect the bottle
at the quick connect fitting.

Make sure the Auto Fill Enable is selected ON in the
User Settings menu (Figure 4-6).

Watch the reservoir to confirm that it fills then
stops. If filling does not occur, the fill filter may need
to be replaced. Refer to “Changing the Filters”
presented earlier.

*Flooding can contaminate the lens surfaces in the optics block reducing signal strength and instrument
sensitivity. Lens cleaning is performed at the factory if flooding occurs. A noticeable change in instrument
performance characteristics (e.g., lowered detected concentration) can indicate the need to return the
instrument to TSI for maintenance.
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Technical Contacts

U If you have any difficulty installing the CPC, or if you have
technical or application questions about this instrument,
contact an applications engineer at TSI Incorporated, (651)
490-2811.

Q If the CPC fails, or if you are returning it 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 001 (651) 490-2811
E-mail: technical.service@tsi.com

Website: http://service.tsi.com

Returning the CPC for Service

8-18

Before returning the CPC to TSI for service, visit our website at
http://rma.tsi.com or call TSI at 1-800-874-2811 (USA) or

(651) 490-2811 for specific return instructions. Customer Service
will need this information when you call:

1 The instrument model number
The instrument serial number
A purchase order number (unless under warranty)

A billing address

0O 00 Do

A shipping address.

TSI recommends that you keep the original packaging (carton and
foam inserts) of the CPC for use whenever the CPC is shipped,
including when it is returned to TSI for service. Always seal off the
sampling inlet to prevent debris from entering the instrument and
drain and dry the CPC before shipping. See "Moving and Shipping
the CPC" in Chapter 4 for detailed instructions.

If you no longer have the original packing material, first protect the
CPC by placing it inside a plastic bag. Then package the unit with
at least 5" (13 cm) of shock absorbing/packaging material around
all six sides of the CPC. The packaging material must be sufficient
to completely protect the integrity of the CPC when dropped from a
height of 30 inches (76 cm).
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APPENDIX A
Specifications

Table A-1 contains the specifications for the Model 3772/3771
Condensation Particle Counter (CPC). These specifications are
subject to change without notice.

Table A-1

Model 3772/3771 CPC Specifications

Particle size range

Min. detectable particle (D,)...

Max. detectable particle .........

Particle concentration range.....

Particle concentration accuracy

Response time..........c...ocooeennnen

Aerosol flow rate ..........ccoeeuneens
Flow source...........cccevvvevennnnnn.

Flow control............ccceevevnenn.

Operating temperatures
Saturator..........coeeeviiiiiiniinn.

False background counts.........

Aerosol medium.......................

Environmental operating
conditions ............ccoeeiinii

10.0 nm, verified with DMA-classified sucrose
particles

>3 um

0 to 1 x 10" particles/cm®, single particle counting
with continuous, live-time coincidence correction that
can be turned off

+10% at <1 x 10" particles/cm’

=3.0 sec to 95% in response to concentration step
change

1000 * 50 cm®/min
External vacuum

Volumetric flow control of aerosol flow by internal
critical orifice; Differential pressure across critical
orifice is monitored.

39°C +0.2°C
22°C £0.2°C
40°C +0.2°C
<0.001 particle/cm’, based on 12-hr average

Recommended for use with air; safe for use with inert
gases such as nitrogen, argon, and helium
(performance specifications are for air)

Indoor use

Altitude up to 2000 m (6500 ft)

Inlet pressure 75 to 105 kPa (0.75 to 1.05 atm)
Operating temperature range 10 to 35°C

Safe temperature range 5 to 40°C

Storage temperature range -20 to 50°C.
Ambient humidity 0-90% RH noncondensing
Pollution degree II

Overvoltage category II





Table A-1
Model 3772/3771 CPC Specifications

Condensing liquid
Working fluid.........ccceeeveeennnien
Filling system..........cc.cceeennene.

Water removal .............ccc.ueneen.

Communications
Protocol......ccoovvviiiiiiiiiiieinnns

Interface........cocovvviviviniinininnn,

Data logging and storage (3772)
Averaging interval...................

Inputs

Outputs
Digital display .....c...ccoceuennnenn.

Physical features
3772 front panel.....................

3771 front panel.....................

Back panel ............ccocoieienenie.

Dimensions (HWD)
(mominal) ....cocoveviiiiiiiiiiiine,

Reagent-grade n-butyl alcohol (butanol, not included)

Electronic liquid-level sensor initiates automatic filling
as needed, requires connection to fill bottle

All condensate is collected and removed automatically
by a constant-flow-rate micropump, may be switched
on for use in humid environments

Command set based on ASCII characters
USB, type B connector, USB 2.0 compatible at 12 MB

RS-232, 9-pin, “D” subminiature connector, pinouts
compatible with standard IBM-style serial cables and
interfaces

Ethernet, 8-wire RJ-45 jack, 10/100 BASE-T, TCP/IP

SD/MMC flash memory card (3772 only)

1,2, 3,4,5, 6, 10, 12, 15, 20, 30, or 60 seconds (set
from front panel of 3772), software provides more
averaging options

Two BNC connectors, O to 10 volts (data recording for
external sensors)

Concentration, time and total counts, status
(temperatures, pressures, laser power, liquid level,
etc.), and user settings

BNC connector, O to 10 volts, user-selectable function
output (linear concentration, also DMA voltage control
for 3772, DMA voltage control function is not available
for Model 3771 CPC)

BNC connector, TTL level pulse, 50-ohm termination,
nominally 350 nanoseconds wide

Aerosol Instrument Manager® software (USB and
RS-232 compatible)

LCD display, aerosol inlet, LED particle indicator light,
LED status indicator light, six-button keypad, flash
memory card slot

Aerosol inlet, LED particle indicator light, LED status
indicator light.

Power connector, USB, Ethernet, two 9-pin D-sub
serial connectors, two BNC inputs, two BNC outputs,
fan, butanol-fill connector, butanol-drain connector,
external vacuum port, fill bottle and bracket

26 cm x 18 cm x 25 cm (10 in. X 7 in. x 10 in.), not
including fill bottle and bracket

5.5 kg (12 Ibs)
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Model 3772/3771 CPC Specifications

100-240 VAC, 50/60 Hz., 210 W maximum
4.0A FB/250V (internal-—not replaceable by operator)

Specifications
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APPENDIX B
Firmware Commands

The firmware commands are be divided into the following
categories:

0 READ Commands
SET Commands

a
QO MISC (MISCELLANEOUS) Commands
0 HELP Commands

READ commands are used to read parameter from the
instrument (flow rates, temperatures, 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>. Also, if no parameter is supplied, the command will return
the current set value.

MISC (MISCLLANEOUS) commands will be used for calibration
and SMPS mostly.

HELP commands. Type “HELP” in a HyperTerminal window or a
similar program and it will explain how to use it. All the command
descriptions that follow 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

RFV Read the firmware version number

Returns: A string in the format of X.X.X where X are
numbers from 0-9

Example: 2.3.1
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RSF

RIF

RTS

RTC

RTO

RTA

RCT

Read the aerosol flow rate in cc/min
Returns: A floating point number from 0.0 to 9999.9
Example: 1000

Read the inlet flow rate setting in liters per minute
Returns: A floating point number from 0.0 to 9999.9
Example: 1.0

Read the saturator temperature in degrees Celsius
Returns: A floating point number from 0.0 to 50.0
Example: 39.0

Read the condenser temperature in degrees Celsius
Returns: A floating point number from 0.0 to 50.0
Example: 22.0

Read the optics temperature in degrees Celsius
Returns: A floating point number from 0.0 to 50.0
Example: 40.0

Read the cabinet temperature in degrees Celsius
Returns A floating point number from 0.0 to 50.0
Example 23.8

Read the current time

Returns: Www Mmm dd hh:mm:ss yyyy
where
Www is the weekday
Mmm is the month in letters
dd is the day of the month
hh:mm:ss is the time
yyyy is the year

Example: Mon Jun 11 11:05:08 2006
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RIE

RSN

Read the instrument errors

Returns: 16-bit integer in hexadecimal format.
The parameter is in error if the bit is set.
Bit 0x0001 => Saturator Temp
Bit 0x0002 => Condenser Temp
Bit 0x0004 => Optics Temp
Bit 0x0008 => Inlet Flow Rate
Bit 0x0010 => Aerosol Flow Rate
Bit 0x0020 => Laser Power
Bit 0x0040 => Liquid Level
Bit 0x0080 => Concentration
Bit 0x0100 => Unused
Bit 0x0200 => Unused
Bit 0x0400 => Unused
Bit 0x0800 => Unused
Bit 0x1000 => Unused
Bit 0x2000 => Unused
Bit 0x4000 => Unused
Bit 0x8000 => Unused

Read the absolute pressure transducer in kPa
Returns: A floating point number from 15.0 to 115.0
Example: 100.1

Read the orifice pressure transducer. Units are in kPa

Returns: A floating point number from 0.0 to 99.9
Example: 82.4

Read the nozzle pressure transducer. Units are in kPa
Returns: A floating point number from 0.000 to 10.0
Example: 2.50

Read the serial number
Returns: A string of up to 20 characters
Example: 70514396

Read the analog input voltages

00

Returns: XY where X is analog input 1 and Y is analog

input 2.

X and Y are floating point numbers from 0.00

to 10.00
Example: 5.22,3.65

Firmware Commands
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RALL

RMN

RO

R1

R2

R3

R5

RV

Read a set of current values

Returns  Concentration, instrument errors, saturation
temp, cond temp, optics temp, cabinet temp,
ambient pressure, orifice press, nozzle press,
laser current, liquid level

Reads the laser current in milliamps
Returns: An integer from O to 150
Example: 70

Reads the liquid level

Returns: FULL or NOTFULL and the corresponding
ADC reading. The ADC reading is an integer
from O to 4095

Example: FULL (2471)

Read the model number
Returns: 3771,3772,3775,3776,3790 or 100
Example: 3772

Legacy command to read the liquid level
Returns: FULL or NOTFULL

Legacy command to read the condenser temperature in
degrees Celsius

Legacy command to read the saturator temperature in
degrees Celsius

Legacy command to read the optics temperature in
degrees Celsius

Legacy command to read the instrument status.
Returns: READY or NOTREADY

Legacy command to read the concentration in p/cc

Read the version string.
Returns: Model 377x Ver B.B.B S/N AAAAAAAA
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SET Commands

SAV

SSTART

Set analog output full scale voltage

Params 1=>0-1 Volt
2 =>0-2Volt
3 =>0-5Volt
4 =>0-10 Volt
Example SAV,4 (A full scale concentration will equal

10V)

Start a new sample

Params O - Stop

1 - Start, data type 1

2 - Start, data type 2
Example SSTART,1 (Starts new sample)

Unit returns once/sec
Data Type 1:

UXx,Db,D,D,D,D,D,D,D,D,D,C,C,C,C,C,C,C,C,C,C,AN1,AN2,RIE

UX => elapsed time(sec), integer

D => tenth sec corrected counts, integer
C => tenth sec concentration, float

AN1 => analog input 1, float

AN2 => analog input 2, float

RIE => See help cmd for RIE

Data Type 2, 3776:

ux,c,c,c.c,c,C,C,C,C,C,R, R R R,RRRRRRFFFFFFFFFFTTTTTTTTTT

UX => elapsed time(sec), integer

C => tenth sec concentration, float
R => tenth sec raw counts, integer
F => flowrate(cc/0.1sec), float

T => tenth sec deadtime(sec), float
Data Type 2, 3771/72/75:

ux,c,c.c.c.c.Cc.C,.C,C,CRRRRRRRRRRFDTCTTTTTTTTTT

Firmware Commands

UX => elapsed time(sec), integer

C => tenth sec concentration, float
R => tenth sec raw counts, integer
F => flowrate(cc/sec), float

DTC => deadtime correction, float

T => tenth sec deadtime(sec), float
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SCM

STS

STC

STO

SAWR

SVO

SAO

Set the operating mode

Params: O => Concentration
1 => Totalizer
2 => SMPS

Example: SCM,O (sets operating mode to concentration)

Set saturator temperature
Params: c¢ =>0.0-50.0

Example: STS,39.0 (changes the saturator set point to
39.0 degrees C)

Set condenser temperature
Params: c¢ =>0.0-50.0

Example: STC,22.0 (changes the condenser set point to
22.0 degrees C)

Set optics temperature
Params: ¢ =>0.0-50.0

Example: STO,40.0 (changes the optics set point to
40.0 degrees C)

Set the auto water removal function on/off
Params: 0-Off
1-On

Example: SAWR,1 (turns on water removal)

Set analog output voltage
Params: v =>0.000-10.000

Example: SVO0,4.482 (sets the output voltage at 4.482
volts)

Set analog output voltage proportional to concentration.
The analog output is O to 10V.

Params: O => Off
1=>1E1
2 =>1E2
3 =>1E3
4 => 1E4
5 => 1E5 (CPC100 only)

Example: SAO,4 (A concentration reading of 1E4 will
equal 10V)
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SCOM Setup auxiliary comport

Params: Port=>1,2,3
Baud =>
2400,4800,9600,14400,19200,28800,38400,
57600,115200
Bits => 5,6,7,8
Parity => E, O, N
Stop=>1,1.5,2

Example: SCOM,2,9600,7.E,1 (Set 2nd serial port to
9600, 7 bits, Even Parity, 1 Stop bit

SHOUR  Set the Real Time Clock Hours (24 hour mode)
Params: hour => 0-23
Example: SHOUR,13 (sets the hour to 13)

SMINUTE Set the Real Time Clock Minutes
Params: min => 0-59
Example: SMINUTE,45 (sets minutes to 45)

SSECOND Set the Real Time Clock Seconds
Params: sec => 0-59
Example: SSECOND,O (sets seconds to zero)

SYEAR Set the Real Time Clock Year
Params: year => 0-99
Example: SYEAR,6 (sets the year to 2006)

SDAY Set the Real Time Clock Day of the Month
Params: day => 1-31

Example: SDAY,23 (sets the day to the 23rd of the
month)

SMONTH Set the Real Time Clock current Month
Params: month => 1-12
Example: SMONTH,2 (sets the month to February)

SFILL Turn on/off auto fill

Params: 0 => Off
1=>0n

Example: SFILL,1 (turns on auto fill)
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SDRAIN Turn drain on/off (3771 only)

SCC

0 => Off
1 =>0On

Example: SDRAIN,1 (turns drain on)

Params:

Turn coincidence correction on/off

0 => Off
1=>0On

Example: SCC,1 (turns coincidence correction on)

Params:

MISC (MISCELLANEOUS) Commands

ZB

ZE

T

VAN

VYA

COM2

Begin SMPS scan based on the ZT, ZV and ZU
parameters (except 3771)

End SMPS scan (except 3771)

Set the scan time in tenth second increments (except
3771)

Params: delay => 0-255 (0-25.5 seconds)
up => 10-6000 (1-600 seconds)

down => 10-6000 (1-600 seconds)
Example: ZT0,600,100

Note: This command does not need a comma

separating the first parameter from the
command

Scan using up direction instead of down (except 3771)

Set the scan voltages (except 3771)
Params: start => 10-10000 Volts

end => 10-10000 Volts
Example: ZV10,10000

Note: This command does not need a comma
separating the first parameter from the

command

Data after the “:” will be transmitted to serial port 2

Example: COM2:RFV (“RFV” will be transmitted to com
port 2)
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D Legacy command to read accumulative time (sec) and
accumulative counts since the last time this command
was sent.

DEL Delete Flash File, path\filename (except 3771)

FORMAT Format the flash drive. This will also erase all the data
stored on the drive (except 3771).

DIR Read the flash card directory (except 3771)

CD Change the active flash card directory (except 3771)

HELP Commands

Help,Read
Help,Set
Help,Misc

Help,x where x=Command Name
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about this manual, xvii
AC connector and switch, 3-3
accuracy, 6-2
adiabatic expansion CNC, 5-2
aerosol flow rate, A-1
aerosol inlet, 3-2

3772, 3-2

IndeXx

Aerosol Instrument Manager software, 3-3, 4-12,

7-1, A-2

Aerosol Instrument Manager Software manual, xix

aerosol medium, A-1
altitude, A-1
ambient humidity, A-1
ambient pressure, 4-10, 5-7
Analog Input 1, 3-5
Analog Input 2, 3-5
analog inputs, 3-5, 4-10
connection, 3-3
analog out, 4-7
analog output, 3-5
connection, 3-3
analog pulses
viewing, 8-13
applying power, 2-4
ASCII setup button, 7-9
ASCII setup dialog box, 7-9
auto fill, 4-7
auto recovery, 1-1

B

back panel, 3-3, 3-4
Balston filter, 8-4
basic instrument functions, 3-11
bottle bracket
mounting, 2-3
bottom panel, 3-8
butanol, vii, 1-1, 2-4, 3-6, 5-5
caution, 2-4
drain port, 3-7
draining, 4-12, 8-4
vapor, 3-7
butanol consumption, 4-6
butanol drain bottle, 2-4
butanol fill bottle, 3-6
butanol fill filter, 3-9
replacing, 8-6
butanol fill port, 2-3, 3-3, 3-6
quick connect fitting, 3-6
butanol filter
replacing, 8-6
butanol reservoir
draining, 8-4

bypass flow, 5-7
C

cabinet temperature, 4-9
calibration, C-2, C-3
caution

butanol, 2-4

symbol, ix
caution label, x
charcoal filter, 3-7, 8-3
chemical safety, vii
cleanroom, 5-4
CNC technology, 5-2
coincidence, 5-6
coincidence correction, 5-6

pulse output, 6-3
coincidence levels, 6-3
commands, 7-1, (see also firmware commands)
communication, 4-2, A-2
communication connector board, 3-10, 3-11
computer interface, 7-1
concentration, 4-3, 4-4
concentration measurement, 3-11
concentration mode, 6-1
condensation nuclei, 5-5
condensation nucleus counter. (see also CNC)

Model 3020, 5-4
condensation particle counter

manuals, xviii

Model 3007, 5-5

Model 3010, 5-4, 8-7

Model 3022A, 5-4

Model 3025, 5-4

Model 3025A, 5-4

Model 3760, 5-4, 8-7

Model 3762, 5-4, 8-7

Model 3771, 5-4

Model 3772, 5-4, 5-5

Model 3775, 5-4, 5-5

Model 3776, 5-4, 5-5

Model 3781, 5-4

Model 3782, 5-4, 5-5

Model 3785, 5-4, 5-5

Model 3786, 5-4

related product literature, xviii
condenser, 5-3, 5-4
condenser temperature, 4-9
condensing liquid, A-2
configure network settings, 7-2

screen, 7-3
connect to dialog box, 7-8
connecting SMC plug to detector board, 8-14
connection description screen, 7-8
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connector pin designations, 7-6
cooling fan, 2-5, 3-3

counting efficiency, 5-8
counting efficiency curve, 5-8
cover, 3-7

critical flow, 5-7

critical orifice, 3-9, 3-10
cylindrical wick, 5-5

D

dat extension, 4-11
data average period

3772, 4-8
data connection, 3-3
data logging

3772, 4-6

option, 4-8
data logging and storage, A-2
dead time, 6-2
description, 3-1
design of CPC, 5-5
detector board, 3-10, 3-11
differential pressure, 3-10
diffusion battery (see references), C-3
diffusion screen

Model 376061, 6-4
diffusional thermal CNC, 5-3
Digi connect ME configuration and management

screen, 7-3

Digi device discovery screen, 7-2
dimensions, A-2
diode Photodetector, 1-3
DMA output, 3-5
DMA/analog output port, 4-7
drain, 4-8
drain bottle, 8-8
drain butanol, 4-12, 8-4
drain filter

replacing, 8-6
drain port, 3-3, 3-7, 8-8
drain valve, 3-10
drying instrument, 4-12

E

electrical shock caution label, ix
electronics boards, 3-10, 3-11
environment, 5-2
environmental operating conditions, A-1
error messages, 8-16
ethernet, 1-1, 7-1

communication port, 3-6, 3-12
ETL label, x
external vacuum, 2-5
external vacuum port, 3-3, 3-6
external vacuum pump, 3-13

F

false background counts, A-1
false count check, 8-15
fan, 3-9

features, 1-1
fill bottle, 2-3
bracket mounting, 2-3
fill drain bottle kit, 8-3
filling fill bottle with butanol, 2-4
filter, 3-9
firmware commands, 7-7, B-1
firmware communication, 4-2
firmware version, 4-11
flash memory board
3772, 3-10, 3-11
flash memory card, 3-5, 3-12, 4-6
3772, 4-11, 7-1
flash status, 4-11
specification
3772, 7-4
flash memory card slot
3772, 3-2
flash status
3772, 4-11
flooded optics, 8-13
flow rate
verifying, 8-12
flow rate control, 3-13
flow schematic, 5-6
front panel
3771, 3-2, 3-3
3772, 3-1
fuse, A-3

G
getting help, xix

H

hazardous gases
warning, 4-1
help command information, 7-7
HELP commands, 7-7, B-1, B-9
history, 5-2
Model 3007 CPC, 5-5
Model 3010 CPC, 5-4
Model 3020 CNC, 5-4
Model 3022A CPC, 5-4
Model 3025 UCPC, 5-4
Model 3025A UCPC, 5-4
Model 3760 CPC, 5-4
Model 3762 CPC, 5-4
Model 3771 CPC, 5-2
Model 3772 CPC, 5-2
Model 3775 CPC, 5-4
Model 3776 UCPC, 5-4
Model 3782 WCPC, 5-4
Model 3785 WCPC, 5-4
Model 3786 UWCPC, 5-4
hot/humid environments, 4-6
how the instrument works, 1-2
HyperTerminal, 3-11, 7-7
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initial total count mode
screen, 4-5
inlet pressure, A-1
inlet pressure measurement, 3-13
inlet screw, 8-8
inlet tube, 8-8, 8-9
inputs, A-2
instrument cooling fan, 3-7
instrument description, 3-1
instrument operation, 4-1
internal components, 3-8, 3-9
internal data logging
3772, 3-12

K

Kelvin diameter, 5-1, 5-2
keypad

3772, 3-1, 4-3
keypad navigation

3772, 4-3
Krytox, 8-12

L

labels, ix
laminar aerosol flow, 5-5
laser board, 3-10, 3-11
laser current, 4-10
laser device compliance label, ix
laser radiation label, ix
laser safety, vii
laser-diode light source, 1-3
LCD display, 1-3

3772, 3-1, 4-3
liquid drain port, 2-4
liquid filter, 3-9
liquid level, 4-10
live-time counting, 6-2

main pc board, 3-10, 3-11
main screen HTML page, 7-4
maintenance, 8-1
calibration, 8-12
correcting flooded optics, 8-13
draining butanol, 8-4
error messages, 8-16
false count check, 8-15
kits, 8-2
micro pump filter, 8-6
saturator wick, 8-7
troubleshooting, 8-16
verifying flow rate, 8-12
viewing analog pulses, 8-13
maintenance and replacement kits, 8-2
makeup flow, 5-7
manual drain, 8-8
manual history, v
memory card, 1-1, 1-3

Index

micro pump filter
replacing, 8-7
micro pump filter replacement, 8-6
microprocessor, 5-5
MISC (MISCELLANEOUS) commands, 7-7, B-1, B-8
Model 3007 Condensation Particle Counter manual,
Xviii
Model 3007 CPC, 5-5
history, 5-5
Model 3010 CPC, 1-1, 3-12
history, 5-4
Model 3010D Condensation Particle Counter
manual, xviii
Model 3020 CNC
history, 5-4
Model 3022A CPC
history, 5-4
Model 3025 UCPC
history, 5-4
Model 3025A UCPC, 5-4
Model 3032 Vacuum Pump, 2-5, 3-13, 5-7
Model 3033 Vacuum Pump, 3-13, 5-7
Model 3068A, 5-8
Model 3080, 5-8
Model 3085, 5-8
Model 3480, 5-8
Model 3760 CPC
history, 5-4
Model 376060 Particle Size Selector, 6-4
Model 376060 Particle Size Selector manual, xviii
Model 376061 Diffusion Screen, 6-4
Model 3760A CPC, 1-1, 3-12
Model 3762 CPC, 1-1, 3-12
history, 5-4
Model 3771 CPC
history, 5-2
Model 3772 CPC, 5-5
history, 5-2
Model 3775 Condensation Particle Counter manual,
xviii
Model 3775 CPC, 5-5
history, 5-4
Model 3776 UCPC, 5-5
history, 5-4
Model 3776 Ultrafine Condensation Particle
Counter manual, xviii
Model 3781 Water-based Condensation Particle
Counter manual, xviii
Model 3781 WCPC, 5-4
Model 3782 Water-based Condensation Particle
Counter manual, xviii
Model 3782 WCPC, 5-5
history, 5-4
Model 3785 Water-based Condensation Particle
Counter manual, xviii
Model 3785 WCPC, 5-5
history, 5-4
Model 3786 Ultrafine Water-based Condensation
Particle Counter manual, xviii
Model 3786 UWCPC, 5-5
history, 5-4
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Model 3936 SMPS, 5-5, 5-8
monitoring instrument flow, 3-10
moving instrument, 4-12

N

n-butyl alcohol, vii, 2-4

network setup, 7-1

nozzle pressure, 4-10, 5-7

nucleation, homogeneous, 5-1, 5-2
self-nucleation, 5-1

(0]

on-board data storage, 1-3
open web interface, 7-3
operating precautions, 4-1
operating temperature range, A-1
operating temperatures, A-1
optical detection, 6-1
optical detector, 1-2, 5-5
optics

flooding, 8-13
optics housing, 5-5
optics temperature, 4-9
organization of manual, xvii
orifice pressure, 4-10, 5-7
O-rings on saturator base, 8-11
outputs, A-2
overvoltage degree, A-1

P-Q

packing list, 2-1

particle concentration accuracy, A-1

particle concentration range, A-1
particle counting, 6-1
particle indicator, 4-2
particle light
3772, 3-2
particle size range, A-1
particle size selector, 6-4
Model 376060, xviii, 6-4
photodetector, 3-5, 6-1
physical features, A-2
pollution degree, A-1
port settings dialog box, 7-9
positioning CPC, 2-5
power, 2-4, A-3
power connection, 3-3
power supply, 3-9
power switch, 4-1
pressure transducer, 3-9, 3-10
primary function, 4-4
product description, 1-1
product overview, 1-1
protective cap, 2-3
pulse output, 3-5
pump, 5-2

R
READ commands, 7-7, B-1

reader’s comments (Reader’s Comments Sheet)

Index-4

real-time number concentration, 1-3
references, C-1

diffusion battery, C-3
remote access of instrument, 3-12
replacement

filter kit, 8-2

saturator wick, 8-2
replacement parts

kits, 8-2

resistance temperature detector (RTD), 4-10

response time, 5-8, 5-9, A-1
returning CPC for service, 8-18
RS-232
communications, 3-4
configurations, 7-6
connector pin designations, 7-6
serial communications, 7-5
serial connection, 3-4
serial ports, 3-4
signal, 7-6
RV command, 7-5

S

safe temperature range, A-1
safety, vii
safety label, viii
sample pulse, 3-6
saturation ratio, 5-1, 5-2, 5-4
saturator, 2-5, 5-5
saturator base, 3-8
saturator temperature, 4-9
saturator wick, 4-12
caution, 8-8
installing, 8-7
removal label, x
removing, 8-7
schematic, flow, 5-6

self-nucleation (see nucleation, homogeneous), 5-1

sensor, 5-5

sensor assembly, 3-9

serial number label, ix
service, 8-1

service policy, vi

SET commands, 7-7, B-1, B-5
setting up, 2-1, 2-3

shipping CPC, 8-18

shipping instrument, 4-12

signal connections for RS-232 configurations, 7-6

SMPS compatibility, 1-1

SMPS spectrometer, 1-1

solenoid fill, 3-10

source, 3-13

specifications, A-1

static prevention measures, 8-1

status, 4-3, 4-4, 4-8
display, 4-9
parameter display, 4-9
parameters, 4-9
screen, 3-13

status indicator, 4-2
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status light

3772, 3-2
storage temperature range, A-1
submenu, 4-4
subminiature connector, 7-5
submitting comments, xix
sucrose particle, 5-8
supersaturation, 5-1

T

technical contacts, 8-18
technical description, 5-1
temperature control, 3-13
theory, 5-1, 5-3
thermoelectric device (TED), 5-5
total count accuracy, 6-2
total count mode, 3-12, 4-3, 4-4, 6-1, 6-2
3772, 4-4
data screen, 4-5
screen, 4-5
totalizer function, 1-3
totalizer mode, 3-12, 6-1, 6-2
totalizer time
3772, 4-6
troubleshooting, 8-16
TSI service label, x
two-flow mixing CNC, 5-3
typical analog pulse trace, 8-15

U

UCPC, 5-4
unpacking, 2-1, 2-2
USB, 1-1, 7-1

communication port, 3-3
USB status, 4-11
user settings, 4-3, 4-4, 4-5
display, 4-5
UWCPC, 5-5

\'

vacuum drain bottle cap, 8-4
vacuum drain cap assembly, 8-5
vacuum port, 2-5, 3-6
vacuum pump, 3-13

Model 3032, 2-5, 5-7

Model 3033, 5-7
vacuum source, 2-5
verifying flow rate, 8-12
viewing analog pulses, 8-13
viewing volume, 6-2

W-X-Y-Z
warm-up, 2-5, 4-1
warning

symbol, ix
warranty, vi
water removal, 3-12, 4-6
water removal pump, 3-9
WCPC, 5-3, 5-4
WEEE directive label, x
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weight, A-2
wick removal, 8-9
working fluid, 2-4, A-2
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Reader’s Comments Sheet

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 3772 /3771 Condensation Particle Counter P/N 1980529 Rev C

1. Was the manual easy to understand and use?

U Yes 4 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 d d a
Accuracy a a a
Completeness (is everything there?) a a a
Organization (finding what you need) a a a
Quality and number of illustrations a a a
Quality and number of examples a a a

Comments:

4. Which part(s) of this manual did you find most helpful?

5. Rate your level of experience with the product:

U Beginning U Intermediate U Expert
6. Please provide us with the following information:
Name Address
Title

Company
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DMA-Cleaning

General information:

-Use only Propanol or Ethanol for the DMA cleaning

-Use gloves and delicate task wipes

-Do not put the parts of the DMA together sloped, tilting is possible!

-If parts tilt, do not use a screwdriver or something similar to remove the parts,
you will damage the DMA

Feel free to contact us if there are questions or problems:
Dr. Alfred Wiedensohler (ali@tropos.de), Dr. Thomas Tuch (tuch@ftropos.de),
Maik Merkel (merkel@tropos.de), Anja Schmidt (anja@tropos.de)






DMA-Cleaning

1) Number the several parts of the DMA, use also identification marks !






DMA-Cleaning

2) Unscrew the head (Nr. 1) from the  3) Remove the head carefully using two hands

remaining DMA (crosswise), Do not touch the electrode!
use METRIC Allen keys!






DMA-Cleaning

4) Place the elctrode on a towel or a 5) Do not unsrew something else on the
similar soft basis head of the DMA! (You can damage the
connection for the high voltage supply)






DMA-Cleaning

6) Unscrew the main body of the DMA (Nr.2)  7) Take out the transit support carefully with
crosswise and and take it away to the top, but  some rotary movements

do not tilt the parts






DMA-Cleaning I

8) Turn around the bottom of the DMA 9) Take away part nr. 5 of the DMA
and unscrew the screws crosswise






DMA-Cleaning

10) Unscrew the strainer, do not damage it! 11) Remove the screws from DMA
Turn it around and place it on the towel Part nr. 4 crosswise






DMA-Cleaning I

12) Remove part nr. 4 carefully to the top, turn it around and place it on the towel
caution: precision part! The blade should not be damaged!






DMA-Cleaning I

13) Clean all pieces with propanol, wipes and compressed air, you can clean the inlets by
using a pipe cleaner, which is saturated with propanol, dry all parts with compressed air






DMA-Cleaning I

14) Clean the strainer with lukewarm soap water but take care! Use only a thin jet of water,
otherwise the strainer could be disconnected from the metal ring
Clean it regularly with water, afterwards with pure water and dry it with compressed air

Sollte das Sieb Brandldcher/Einschlage
oder andere starke Verunreinigungen
aufweisen, bitte die genannten Perso-
nen kontaktieren (evtl. Fotos senden)





DMA-Cleaning I

|
15) Clean the electrode carefully, if there 16) Look at the transit supply (maybe with a

are contaminations that cannot be cleaned loupe), if there are leakages or something
please contact us else please contact us






DMA-Cleaning

17) Clean the O-ring seals carefully with 18) Put parts 3 and 4 together (attention:
Propanol and do not forget them when precision part!) and screw them in a consis-
rebuilding the DMA tent and crosswise way, be sure that there

Is no crack between the parts of the DMA






DMA-Cleaning

19) Take the strainer and screw it in 20) Place DMA part %2 carefully on part nr. 5,
a crosswise way hold both parts together, turn them around and
screw them crosswise






DMA-Cleaning |

21) Set the transit supply in a rota- 22) Take the head of the DMA together with the
ting motion to ist position, the electrode, turn it around and hold it, take the
strainer should not be damaged! Main body (nr.2) and place it on the head (nr.1),

the electrode should not contact the wall! Screw
them crosswise, and finally screw part %2 with
3/4/5 of the DMA crosswise







BTEL5000 / PTUL5000 Series

Precision very low differential pressure transmitters

FEATURES

- 1to 10 mbar, 1to 10"H,O
differential pressure

- High level output,
1..6Vor4..20 mA (2-wire connection)

- Precision temperature compensated
and calibrated

- Rugged aluminium housing

- Female 1/8" BSP and 1/8" NPT fittings

MEDIA COMPATIBILITY

Pressure inlet:
Non-corrosive, hon-ionic working fluids such as air, dry
gases and the like

Housing:
Aluminium, protection class IP 67 (according to
DIN EN 60529) respectively NEMA 6!

SPECIFICATIONS??

Maximum ratings

Supply voltage™ 12...32V
Output current
BTEL/PTULS...D1...
Source 20 mA
Sink 10 mA
BTEL/PTULS...D4... 30 mA
Temperature limits
Storage -40...100°C
Operating -25...85°C
Compensated 0...50°C
Proof pressure?

BTEL/PTULS...01D...
BTEL/PTULS...02D...
all others

250 mbar/100 "H,0O
250 mbar/100 "H,0O
350 mbar /150 "H,0

Pressure at any port®
BTEL/PTULS5...01D...
BTEL/PTULS...02D...
all others

500 mbar /200 "H,O
500 mbar /200 "H,0
750 mbar /300 "H,0

E/11094/A
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ID# |BTES001D1C A
DIC |2004 !
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ELECTRICAL CONNECTION

1...6 V output version
1

s O O 12032V
2
sensor Vout O
3 GND
-Vs
3
case
4...20 mA output version
1
O o 12to 32V

sensor |
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BTEL5000 / PTUL5000 Series

Precision very low differential pressure transmitters

COMMON PERFORMANCE CHARACTERISTICS®

Characteristics Min. Typ. Max. Unit
Position sensitivity 0.5 %FSO/g
Non-linearity and hysteresis* 0.1 +0.25
Output noise (0 < f<1kHz) 0.04
- %FSO
Long term stability? BTEL/PTUL5...01D... +0.5
all others 0.2
Thermal effects (0 to 50°C)® Offset BTELS5...01D... +0.08 +0.16
PTULS. 01, H004 | 010 | ooooee
all others +0.02 +0.06
Span +0.04 +0.08
Response time (10 to 90 %) 1 ms

INDIVIDUAL PERFORMANCE CHARACTERISTICS®

1...6 V output versions (V =15V, t_ =25°C, R > 100 kQ, com. mode pressure = 0)

Characteristics Min. Typ. Max. Unit
Zero pressure offset’ BTEL/PTUL50...D1... 0.9 1.0 11
BTEL/PTUL5P...D1... 34 35 3.6
Full scale span® BTEL/PTUL50...D1... 4.9 5.0 5.1 \Y;
P BTEL/PTUL5SP...D1... 2.4 25 2.6
Full scale output 6.0
Output impedance 50 Q
Power supply rejection Offset 0.05 %ESON
Span 0.03
Power consumption 60 mwW

4...20 mA output versions (V,=15V,t_ =25°C, R =100 Q, com. mode pressure = 0)

Characteristics Min. Typ. Max. Unit

Zero pressure offset’ BTEL/PTUL50...DA4... 3.9 4.0 4.1
BTEL/PTULSP...DA4... 11.9 12.0 12.1

Full scale span® BTEL/PTUL50...D4... 15.9 16.0 16.1 mA
BTEL/PTUL5SP...DA4... 7.9 8.0 8.1

Full scale output 20.0

Output impedance 0.1 Q

Power supply rejection Offset 0.05 0
Span 0.03 NFSON

Power consumption (I = 20 mA) 260 mw

E /11094 /A 2/5
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BTEL5000 / PTUL5000 Series

Precision very low differential pressure transmitters

LOAD LIMITATION
4...20 mA output version

1200

Ohm /
1000
A
800 £
600 )
A operating
<’< EI _range 77
400 A N; —
({
y.
200
0 10 20 30 V

Vsupply

ELECTROMAGNETIC CAPABILITY?

Test conditions Criterion | Interference
Radiated, radio frequency EN61000-4-3: 10 V/m, 80 to 1000 MHz A <1 %ESO
electromagnetic field immunity (RFI) 80 % AMC (1 kHz)
Electrical fast transient / EN61000-4-4: +2 kV B <1 %ESO

burst immunity (EFT)
Electrostatic discharge immunity EN61000-4-2: 4 kV, contact discharge

0
test (ESD) +8 KV, air discharge B <1 %FSO
Immunity to conducted disturbances EN61000-4-6: 0.15 to 80 MHz A <1 BESO
induced by radio-frequency fields 10V, 80 % AMC (1 kHz)

Specification notes:

1.” IP 67 protection for BTEL/PTULS...A is given with locked connector only.
2. Proof pressure is the maximum pressure which may be applied without causing damage to the sensing element.
3. This is the highest pressure which can be applied to any port at any time. At the same time the differential pressure between
the ports H and L must not exceed the maximum proof pressure.
Non-linearity refers to the Best Straight Line fit measured for offset, full scale span and 1/2 full scale span.
Long term stability is the change in output after one year or 1 million pressure cycles.
Thermal effects tested and guaranteed from 0...50 °C relative to 25°. All specifications shown are relative to 25°C.
Calibrated after minimum 3 minutes warm-up time.
Full scale span is the algebraic difference between the positive full scale output and zero pressure offset.
Higher pressure applied to port H.
. Test are in accordance with EN 61000-6-2.
. The minimum supply voltage is directly proportional to the load resistance seen by the transmitter. For more details see the
load limitation diagram.
12. CE-labelling is in accordance with 2004/108/EC.

RpPpoxo~N O A

= o
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BTEL5000 / PTUL5000 Series

Precision very low differential pressure transmitters

OUTLINE DRAWING

Connector version

40.0 ~~——o- NOM®86.0(3.39) —=
(1.58)
72.0(2.84) H: high pressure port
20.0 - 13.5 diam. (053) L: low pressure port
0.79) -‘ "
' mating plug
8.0 (0.31) min. i
| ~ _ _ _ M12 x 1
' gf.47)
8.0 (0.31) min.
] l
2x M5 9.0 "
(UNC 10-24) (0.35) BIE./PTE...2x1/8"BSP ELECTRICAL CONNECTION
PTU...: 2x 1/8" NPT Connection
1.6V |4.20 mA
mass: 'typ. ;70 g _ Pin output output
dimensions in mm (inches) 1 Vs +Vs
2 Vout NC
3 case case
4 -Vs -Vs
Cable version
(zltoég) ~——— 900354 —— H: high pressure port
’ 72,0 (2.84) L: low pressure port
20.0 .
(0.79) —--‘ ’-—— 13.5 diam. (0.53)
i 1 m (3.3 ft) shielded cable
8.0 (0_31) min. 4 x0.25 mm? (AWG24)
| | | | L L |
| | | | Vey4 1
8.0 (0.31) min.
‘ ELECTRICAL CONNECTION
2 x M5 9.0 Connection

PTU...: 2x 1/8" NPT 1.6V |4.20 mA

output output
bare case/shield | case/shield

brown +Vs +Vs
mass: typ. 220 g white NC NC
dimensions in mm (inches)

green Vout NC

yellow -Vs -Vs
E /11094 /A 4/5
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BTEL5000 / PTUL5000 Series

Precision very low differential pressure transmitters

RECOMMENDED CABLE/CONNECTOR ACCESSORY
for connector version
Order number ZK000101, other cable lengths on special request

f NOM 2 m {
PIN CONNECTION
Pin Flying lead end
1 brown
2 2 green
™ " 3 white + shield
(LLATITTIRT LNOM_‘ a yellon
. . 60
—— ——
M12 x 1 Included in delivery!
—— 820 — dimensions in mm
ORDERING INFORMATION
BTEL/PTUL 5XXX D X X

Calibration L Electrical connection
BTEL.: calibration in mbar A: connector version
PTUL: calibration in "H,O C: cable version
Pressure range Output signal
BTEL5000 series PTUL5000 series 1: 1.6V

001: 0...1 mbar 001: 0..1"H,0O 4: 4..20 mA

PO1:  -1..+1 mbar PO1: -1..+1"H,0

002: 0...2 mbar 002: 0..2"H,0 Differential pressure
P02:  -2...+2 mbar P02: -2..+2"H,0

005: 0...5 mbar 005: 0..5"H,0

P05:  -5...+5 mbar PO5: -5..+5"H,0

010: 0...10 mbar 010: 0..10"H,0

P10: -10...+10 mbar P10: -10..+10"H,O

Note: 0...1 mbar devices not available with 1...6 V output signal

Other pressure ranges and options are widely available. Please contact Sensortechnics.

Sensortechnics reserves the right to make changes to any products herein. Sensortechnics does not assume any liability arising out of the
application or use of any product or circuit described herein, neither does it convey any license under its patent rights nor the rights of others.

E/11094/A 5/5
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HDI Series

Amplified pressure sensors

FEATURES

- 10 mbar to 5 bar,
absolute, gage or differential pressure

- Digital I1>)C-bus and analog output
- Precision ASIC signal conditioning

- Calibrated and temperature
compensated

- SMT and DIP housings
- ROHS compliant
- Sensortechnics PRO services

MEDIA COMPATIBILITY

To be used with non-corrosive, non-ionic working
fluids such as clean dry air, dry gases and the like.

SPECIFICATIONS

Maximum ratings

Supply voltage V¢
HDI...3 2.7 .33V,
HDI...5 45..55V,,
max. 6.50 V.
Output current
Sink 1 mA
Source 1 mA

Lead specifications

Average preheating temperature gradient 2.5 K/s
Soak time ca. 3 min
Time above 217°C 50s
Time above 230°C 40's
Time above 250°C 15s
Peak temperature 260°C
Cooling temperature gradient -3.5K/s
Temperature ranges®
Compensated 0..+85°C
Operating -20...+85°C
Storage -40 ... +125 °C
E/11650/E

ELECTRICAL CONNECTION

+V/s
1
2—— Vout
4—— SDA
6— SCL
3
— GND

11
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o HDI Series
QQ*

Amplified pressure sensors

PRESSURE SENSOR CHARACTERISTICS
(T,=25 °C, RH=50 %)

Part no. Operating pressure Proof pressure? Burst pressure?
HDIM010...B... 0...£10 mbar 150 mbar 200 mbar
HDIM020...B... 0...£20 mbar 150 mbar 200 mbar
HDIMO050...B... 0...£50 mbar 550 mbar 800 mbar
HDIM100...B... 0...£100 mbar 1 bar 1.5 bar
HDIM200...B... 0...£200 mbar 1 bar 1.5 bar
HDIM500...B... 0...£500 mbar 1 bar 1.5 bar
HDIB0O1...B... 0...x1 bar 2 bar 3 bar
HDIMO010...U... 0...10 mbar 150 mbar 200 mbar
HDIM020...U... 0...20 mbar 150 mbar 200 mbar
HDIMO050...U... 0...50 mbar 550 mbar 800 mbar
HDIM100...U... 0...100 mbar 1 bar 1.5 bar
HDIM200...U... 0...200 mbar 1 bar 1.5 bar
HDIM500...U... 0...500 mbar 1 bar 1.5 bar
HDIB0O1...U... 0...1 bar 2 bar 3 bar
HDIB002...U... 0...2 bar 4 bar 6 bar
HDIB0OS...U... 0...5 bar 7 bar 7 bar
HDIO611AR... 600...1100 mbar(a) 2 bara 3 bara
HDIO811AR... 800...1100 mbar(a) 2 bara 3 bara

Other pressure ranges are available on request. Please contact Sensortechnics.

Specification notes:

1. Proof pressure is the maximum pressure which may be applied without causing durable shifts of the electrical parameters
of the sensing element.

2. Burst pressure is the maximum pressure which may be applied without causing damage to the sensing element or leaks to
the housing.

3. Full Scale Span (FSS) is the algebraic difference between the output signal for the highest and lowest specified pressure.

4. Total accuracy is the combined error from offset and span calibration, linearity, pressure hysteresis, and temperature
effects. Linearity is the measured deviation based on a straight line. Hysteresis is the maximum output difference at any point
within the operating pressure range for increasing and decreasing pressure. Calibration errors include the deviation of offset
and full scale from nominal values.

5. Extended temperature ranges on request. Please contact Sensortechnics.

6. Max. delay time between pressure change at the pressure die and signal change at the output.

7. The response time depends on the adjusted internal A/D resolution of the sensor. For 12 bit it is typ. 0.5 ms. Other A/D resolutions
and reponse time are available on request. Please contact Sensortechnics for further information.

8. Sensors with lower current consumption are available on request. Please contact Sensortechnics for further information.

E/11650/E 2/11
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HDI Series

Amplified pressure sensors

PERFORMANCE CHARACTERISTICS

(Vg=5.0V,, T,=25°C, RH=50 %, analog output signal is ratiometric to V, digital output signal is not ratiometric to V)

All HDI...P5 devices (Prime Grade, V, = 5.0)

Characteristics Min. Typ. Max. Units
Total accuracy (0...85°C)* all barometric devices +1.0 0
. %FSS
all other devices +0.5
Response delay® ’ 0.5 ms
A/D resolution’ 12 bit
D/A resolution 11
Current consumption® 5 mA
All HDI...R...P5 (barometric devices)
Characteristics Min. Typ. Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Output at min. specified pressure 0.46 0.50 0.54
Full scale span (FSS)? 4.00 V
Full scale output 4.46 4.50 454
DIGITAL PERFORMANCE CHARACTERISTIC
Output at min. specified pressure 3015 3277 3539
Full scale span (FSS)® 26214 counts
Full scale output 29228 29490 29752
All HDI...U...P5 (unidirectional devices)
Characteristics Min. Typ. Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Zero pressure offset 0.48 0.50 0.52
Full scale span (FSS)® 4.00 \%
Full scale output 4.48 450 4.52
DIGITAL PERFORMANCE CHARACTERISTIC
Zero pressure offset 3146 3277 3408
Full scale span (FSS)® 26214 counts
Full scale output 29359 29490 29621
All HDI...B...P5 (bidirectional devices)
Characteristics Min. Typ. Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Zero pressure offset 2.48 2.50 2.52
Full scale span (FSS)® 4.00 Vv
Output at max. specified pressure 4.48 4.50 452
at min. specified pressure 0.48 0.50 0.52
DIGITAL PERFORMANCE CHARACTERISTIC
Zero pressure offset 16252 16384 16515
Full scale span (FSS)® 26214 counts
Output at max. specified pressure 29359 29490 29621
at min. specified pressure 3146 3277 3408
E/11650/E 311
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HDI Series

Amplified pressure sensors

PERFORMANCE CHARACTERISTICS
(V=5.0V,

DC’ "A

All HDI...H5 devices (High Grade, V, = 5.0)

T,=25°C, RH=50 %, analog output signal is ratiometric to V, digital output signal is not ratiometric to V)

Characteristics Min. Typ. Max. Units
Total accuracy (0...85°C)* +1.5 %FSS
Response delay® ’ 0.5 ms
A/D resolution’ 12 bit
D/A resolution 11
Current consumption® 5 mA
All HDI...U...H5 (unidirectional devices) and HDI...R...H5 (barometric devices)
Characteristics ‘ Min. Typ. ‘ Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Output at min. specified pressure 0.44 0.50 0.56
Full scale span (FSS)® 4.00 \%
Full scale output 4.44 450 456
DIGITAL PERFORMANCE CHARACTERISTIC
Output at min. specified pressure 2883 3277 3670
Full scale span (FSS)® 26214 counts
Full scale output 29097 29490 29883
All HDI...B...H5 (bidirectional devices)
Characteristics Min. Typ. Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Zero pressure offset 244 2.50 2.56
Full scale span (FSS)® 4.00 v
Output at max. specified pressure 4.44 450 456
at min. specified pressure 0.44 0.50 0.56
DIGITAL PERFORMANCE CHARACTERISTIC
Zero pressure offset 15990 16384 16777
Full scale span (FSS)® 26214 counts
Output at max. specified pressure 29097 29490 29883
at min. specified pressure 2883 3277 3670
E/11650/E 4/11
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HDI Series

Amplified pressure sensors

PERFORMANCE CHARACTERISTICS

(Vg=3.0V,, T,=25 °C, RH=50 %, analog output signal is ratiometric to V, digital output signal is not ratiometric to V)

All HDI...P3 devices (Prime Grade, V, = 3.0)

Characteristics Min. Typ. Max. Units
Total accuracy (0...85°C)* all barometric devices +1.0 0
, %FSS
all other devices +0.5
Response delay® ’ 0.5 ms
A/D resolution’ 12 bit
D/A resolution 11
Current consumption® 3 mA
All HDI...R...P3 (barometric devices)
Characteristics Min. Typ. Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Output at min. specified pressure 0.23 0.25 0.27
Full scale span (FSS)® 2.00 \%
Full scale output 2.23 2.25 2.27
DIGITAL PERFORMANCE CHARACTERISTIC
Output at min. specified pressure 2512 2731 2949
Full scale span (FSS)® 21845 counts
Full scale output 24357 24575 24794
All HDI...U...P3 (unidirectional devices)
Characteristics Min. Typ. Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Zero pressure offset 0.24 0.25 0.26
Full scale span (FSS)® 2.00 \%
Full scale output 2.24 2.25 2.26
DIGITAL PERFORMANCE CHARACTERISTIC
Zero pressure offset 2621 2731 2840
Full scale span (FSS)® 21845 counts
Full scale output 24466 24575 24684
All HDI...B...P3 (bidirectional devices)
Characteristics Min. Typ. Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Zero pressure offset 1.24 1.25 1.26
Full scale span (FSS)® 2.00 Vv
Output at max. specified pressure 2.24 2.25 2.26
at min. specified pressure 0.24 0.25 0.26
DIGITAL PERFORMANCE CHARACTERISTIC
Zero pressure offset 13545 13653 13762
Full scale span (FSS)® 21845 counts
Output at max. specified pressure 24466 24575 24684
at min. specified pressure 2621 2731 2840
E/11650/E 5/11
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HDI Series

Amplified pressure sensors

PERFORMANCE CHARACTERISTICS
(V=3.0V

DC' A

All HDI...H3 devices (High Grade, V, = 3.0)

T,=25°C, RH=50 %, analog output signal is ratiometric to V, digital output signal is not ratiometric to V)

Characteristics Min. Typ. Max. Units
Total accuracy (0...85°C)* +1.5 %FSS
Response delay® ’ 0.5 ms
A/D resolution’ 12 bit
D/A resolution 11
Current consumption® 3 mA
All HDI...U...H3 (unidirectional devices) and HDI...R...H3 (barometric devices)
Characteristics ‘ Min. Typ. Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Output at min. specified pressure 0.22 0.25 0.28
Full scale span (FSS)? 2.00 Vv
Full scale output 2.22 2.25 2.28
DIGITAL PERFORMANCE CHARACTERISTIC
Output at min. specified pressure 2403 2731 3058
Full scale span (FSS)® 21845 counts
Full scale output 24248 24575 24903
All HDI...B...H3 (bidirectional) devices
Characteristics Min. Typ. Max. Units
ANALOGUE PERFORMANCE CHARACTERISTIC
Zero pressure offset 1.22 1.25 1.28
Full scale span (FSS)® 2.00 Vv
Output at max. specified pressure 2.22 2.25 2.28
at min. specified pressure 0.22 0.25 0.28
DIGITAL PERFORMANCE CHARACTERISTIC
Zero pressure offset 13325 13653 13981
Full scale span (FSS)® 21845 counts
Output at max. specified pressure 24248 24575 24903
at min. specified pressure 2403 2731 3058
E/11650/E 6/11
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HDI Series

Amplified pressure sensors

[2C BUS
Introduction

The HDI is capable to generate a digital output signal. The
device runs a cyclic program, which will store a corrected
pressure value with 12 bit resolution about every 250 ps
within the output registers of the internal ASIC. In order to
use the sensor for digital signal readout, it should be con-
nected to a bidirectional 12C-bus.

According to the 12C-bus specification, the bus is control-
led by a master device, which generates the clock signal,
controls the bus access and generates START and STOP
conditions. The HDI is designed to work as a slave, hence
it will only respond to requests from a master device.

Digital I2C interface
The HDI complies with the following protocol (Fig. 1):

Bus not busy: During idle periods both data line (SDA) and
clock line (SCL) remain HIGH.

START condition (S): HIGH to LOW transition of SDA line
while clock (SCL) is HIGH is interpreted as START con-
dition. START conditions are always generated by the
master. Each initial request for a pressure value has to
begin with a START condition.

STOP condition (P): LOW to HIGH transition of SDA line while
clock (SCL) is HIGH determines STOP condition. STOP
conditions are always generated by the master. More than
one request for the current pressure value can be trans-
mitted without generation of intermediate STOP condition.

DATA valid (D): State of data line represents valid data when,
after START condition, data line is stable for duration of
HIGH period of clock signal. Data on line must be
changed during LOW period of clock signal. There is
one clock pulse per bit of data.

Acknowledge (A): Data is transferred in pieces of 8 bits
(1 byte) on serial bus, MSB first. After each byte receiving
device — whether master or slave — is obliged to pull
data line LOW as acknowledge for reception of data.
Master must generate an extra clock pulse for this pur-
pose. When acknowledge is missed, slave transmitter
becomes inactive. It is on master either to send last com-
mand again or to generate STOP condition in that case.

Slave address: The I12C-bus master-slave concept requires
a unique address for each device. The HDI has a
preconfigured slave address (1111000xb). By factory pro-
gramming it is possible to define a secondary slave
address additional to the general one. According to 12C
specification 127 different addresses are available. The
sensor will then listen to both slave addresses. After
generating a START condition the master sends the
address byte containing a 7 bit address followed by a
data direction bit (R/W). A "0" indicates a transmission
from master to slave (WRITE), a "1" indicates a data
request (READ).

DATA operation: The sensor starts to send 2 data bytes con-
taining the current pressure value as a 15 bit information
placed in the output registers.

|
|
|

TTTINLLA R
|
|
| |
START Data Data allowed
condition valid to change

. 1 ‘ )
(SYSiaveAddréss JRAW|{A| DataBytel [A] DataByte2 [A] DataByte 1 é
| |

|

| Read out of first pressure value

@ generated by master
D generated by slave

S = START condition
A =Acknowledge
P = STOP condition

} Read out of n pressure values (optional) }

Data Byte 1 = High Byte (MSB first)
Data Byte 2 = Low Byte (LSB last)

Fig. 1:
E/11650/E
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o HDI Series
QQ*

Amplified pressure sensors

I2C Interface Parameters

Parameter Symbol | Min. Typ. Max. Unit
Input high level 90 100
Input low level 0 10 % of Vs
Output low level 10
Pull-up resistor 500 Q
Load capacitance @ SDA Coon 400
Input capacitance @ SDA/SCL Coc n 10 PF
SCL clock frequency Fecl 100* 400 kHz
Bus free time between STOP and START condition toue 1.3
Hold time (repeated) START condition, to first clock pulse tiosta 0.8
LOW period of SCL tow 13
HIGH period of SCL [ 0.6
Setup time repeated START condition tousta 1
Data hold time o oAt 0 HS
Data setup time tsupar 0.2
Rise time of both SDA and SCL s 0.3
Fall time of both SDA and SCL t 0.3
Setup time for STOP condition tsusto 0.6

* recommended

Note: Sensortechnics recommends communication speeds of at least 100 kHz (max. 400 kHz).
Please contact your nearest Sensortechnics sales office for further information.

tsu:par tHD;DAT tsusta tiosta R tF
| | | | |

‘tHIGH tLow ‘tSU;S‘TO tBuF tHD;‘STA
|

Fig.2: Timing characteristics

E/11650/E 8/11
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HDI Series

Amplified pressure sensors

PHYSICAL DIMENSIONS

Different housing options are available on request. Please contact Sensortechnics.

HDI...E... (SMD, 2 ports same side)

15.0

75

-

4.1

19.5

6.3
i
!

HDI...F... (DIP, 2 ports same side)

15.0

75

-

19.5

41

9.25

E/11650/E

6.3
=

0.7

@23

3.2

12.85

High pressure port

High pressure port

12.85

= ©®

first angle projection

dimensions in mm

= ©®

first angle projection

dimensions in mm
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O HDI Series
<

Amplified pressure sensors

PHYSICAL DIMENSIONS (cont.)

Different housing options are available on request. Please contact Sensortechnics.

HDI...Y... (SMD, 1 port axial)

0.7
r_i
1
2
N
Q
15.79
first angle projection
dimensions in mm
HDI...Z... (DIP, 1 port axial)
1.9 9.25
N 0.7
\n
: E
a
— | N
Q
21.05
N

jmg Jﬂ

first angle projection

dimensions in mm
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HDI Series

Amplified pressure sensors

ELECTRICAL CONNECTION (cont.)

HDI...A... HDI...G... HDI...D...
(absolute) (gage) (differential)
456 Pin | Connection
1 +Vs
ﬂ;* 2 +Vout
3 GND
4 SDA
5 I/ C*
3 2 1 6 SCL
Pin * Internal connection.
marking High pressure port marking Do not connect for
any reason
ORDERING INFORMATION
Series Pressure range Pressure mode Calibration Housing Porting Grade Voltage
Options HDI 0611 | 600...1100 mbar| A* |Absolute B |Bidirectional E* |SMD, 2 ports 8 |Straight | H |High 3 |3V
0811 | 800..1100 mbar| D |Differential | U |Unidirectional same side P |Prime | 5 |5V
M010 10 mbar| G |Gage R* |Barometric F* |DIP, 2 ports
M020 20 mbar same side
MO050 50 mbar Y**| SMD, 1 port
M100 100 mbar axial
M200 200 mbar Z**|DIP, 1 port
M500 500 mbar axial
B0O1 1 bar
(BO0O1A) 1 bara
B002 2 bar
B005 5 bar
* only available * for pressure ranges * standard for differential
from 1 bar 0611, 0811 devices, "D"
** standard for absolute
and gage devices,
"A" and "G"
Example: HDI MO050 G U Y 8 P 5
Note: Devices highlighted in grey are preferred stock items

Sensortechnics PRO services:

- Extended warranty period of 2 years
- Custom product modifications and adaptations even for small quantities
- Advanced logistics models for supply inventory and short delivery times
- Technical support through application engineers on the phone or at your site
- Traceability of each sensor through serial numbers on request

No product specification changes without customer notification

- No product obsolescence without very early prior notice
- Fastest possible technical response for design and QA engineers
- Long term product availability for your spares and service needs

.. plus other services on request

Sensortechnics reserves the right to make changes to any products herein. Sensortechnics does not assume any liability arising out of the
application or use of any product or circuit described herein, neither does it convey any license under its patent rights nor the rights of others.

E/11650/E
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Application Specific Blowers i | ROT RO N ®

Variable Flow Regenerative Blower

FEATURES
« Manufactured in the USA - ISO 5001 and NAFTA compliant

» 12VDC operaticn: 7.5-15VDC

- 24VDC operation; 15-32VDC

Maximum flow: 8.5 SCFM (15)

Maximum pressure: 20.7 IWG (15)

Maximum vacuum: 20.7 IWG (15)

Maximum amblent 40°C

Glass filled molded phenolic and aluminum blower housing, phenolic cover

&impeller

Brushless DC motor with integrated control electronics

+ Maximum qulet operation to NC-47 (office equipment speclfication)

« Stainless steel ball beasrings permanently (ubricated for 810 bearing life:
20,000 - 30,000 hours

- Welight: 1.9 Ibs (0.86 kg)

Envefope size: 4.18 x 1.83 inches (106.2 x 465 mm)

OPTIONS
International and application specific voltages
«+ Sealed blowers for contamination control
= Electronic speed control
« Low voltage option
« International voltage and frequency (Hz)

NSNS =

—

.

N
1
}[1
Py

Minispiral HDC

-

Alr Flow Rate - m3/Mour
0 7 34 sl 68 85 102 119 136 153

22 i | 55
et k\ Legend 130
8 =N Rreasiirg;; ===t as
\ SUCHION: e
N, ® Minksplral HDC
16 \ 40
14 35
K N\ 15v-HOC 3
B3 12 0 8
3 %
g w0 k“Q« 25
8 \\ 20
Ty 9
B X
6 Nl N 15
4 lLow \(@(‘ \\ AN 10
, LVOLTAGE \ A, 5
OPERATION N
1 1 N\ \
0 1 2 3 4 S 6 7 8 9
Adr Flow Rate - SCFM
This s for ooty and should nol be 43 4 Dinding of the products os el p In B sppiicatk The p dmte on Mis pege dapicis typical parformance Under canlyalied
laboraiory contiions AMETEK [ ot respesmsibin for blowers drivan beyond faciory apeed, Fow or withoud proper Adiual p will vary o1 the i and R
AMETEKpmu\mmnoldurpnodluwmddmMMMMMWWWMMWMMMhWM The above i ! Biandarg producty. Fov product

desged (D meel specific Bpplicalions, comac! AMETEK Technical & indusinas! Produsts Sales deparoment.
AMETEK TECHNICAL & INDUSTRIAL PRODUCTS

75 North Street, Saupertian, NY 12477 —_—
USA: +1 275-258-260 « Europe; = (0) 846 360 9884 - Asia- 83 1 5T {266 Fé AM!TEK'

Customer Servica Fax: «1 216.250.1338
www.amatektip.com TECHNICAL & INDUSTRIAL PRODUCTB





ROTRON?®

Minispiral 12/24V HDC

Variable Flow Regenerative Blower

|
20 GA. TFE COVERED
116 UL STYLE 118D
295 _ 14" LONG, STRIPPED 1/2" s
[ ; [ @ 4.20
_30_1 0.66 ’ i 1067
i ‘ 168 I
I > [ t
]
025 T
063 64 ] &
160 et | : o |
- —— il
8 | 8=
| E ~NiA
~ | 9 N —le
%B 1 I R
- R
I 38
N 5 N
! i =0 l
N = L= =
1.14 ol [
ass 20 . 373 |
. 137 | ~ ‘
32 & 5 52 SEPEN g
0.83 199 Rla g~ = 889
' 211 505 Sl 3= 4.07 |
AN 282 BOTH PORTS ' 1034 o
MM 7.6

NOTES
1 DRAWING NOT TO SCALE, CONTACT FACTORY FOR SCALE CAD DRAWING.
2 CONTACT FACTORY FOR BLOWER MODEL LENGTHS NOT SHOWN.

Part/Model Number

SE12RE21 SE24RE21

Specification

080847
Voltage Range vDC
RPM RPM 4400-8750 \/ 4400-8750
Insulgtion Class - B X 8
Full - Load Amps Amps (A) 1225 VA 1.2-16

) Lbs 1.0 ) 1.0
Weight Kg © 08 . 05

WARNING - ONHDCMODHE- MOTOR ISNOT POLARTY PROTECTED. CHECK POLARITY CAREFULLY 8EFORE ENBRGIZING BLOWER

This o 8 for & oty Brd should not e d 83 a binding of 1hs producis or ther nal The perk daig on IS page depucts (ypicel parformance wnder conliolied
febaratory conditons. AMETEX Is nat responsitie for blowsars drven beyond Iactory Nied speed, lemp Ihworwdﬁau(pw o Acusal peri Wi vay Y Mlmmﬂmmvbmnlwwum
AMETEK procucts ase 1ol designed for and should nol be usad 1n medics! ke suppon sppications AMETEX rasarves the nght (o ravise Hs producls withou! oL The above i poducts For progud!
designed to meel spacific applications, cominct AMETEK Tactweeal & indusinal Products Saies cepanmont.
AMETEK TECHNICAL & INDUSTRIAL PRODUCTS

75 North Strest, Saugecties, NY 12477

i i ®
USA: o1 215.256-0601 - Europe: +44 (0) 845 386 0684 - Asla: #5621 5753 1259 F§ AMET!K
Cuatomar Servies Fax. +1 2152561339 -

Wi amedellip. com TECHMICAL A INDUSTRIAL PRODUCTS
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Vakuumtechnik im System

Betriebsanleitung

ME 2 NT - ME 4 NT - ME 4S NT

MZ 2 NT - MZ 2D NT - MZ 2S NT

ME 8 NT - ME 8S NT - MD 4 NT - MD 4S NT - MV 2 NT
ME 4R NT

MD4CRLNT/

Membranpumpen

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Sehr geehrte Kundin, sehr geehrter Kunde,

Ihre VACUUBRAND Membranpumpe soll Sie lange Zeit ohne Stérungen mit voller Leistung bei lhrer Ar-
beit unterstitzen. Aus unserer umfangreichen praktischen Erfahrung haben wir viele Hinweise gewon-
nen, wie Sie zu einem leistungsfahigen Einsatz und zu lhrer personlichen Sicherheit beitragen kénnen.
Lesen Sie daher diese Betriebsanleitung vor der ersten Inbetriebnahme lhrer Pumpe.

VACUUBRAND Membranpumpen sind das Ergebnis langjahriger Erfahrung in Konstruktion und prak-
tischem Betrieb dieser Pumpen kombiniert mit neuesten Erkenntnissen der Material- und Fertigungs-
technologie.

Unsere Qualitatsmaxime ist das "Null-Fehlerprinzip”:

Jede einzelne Membranpumpe, die unser Werk verlasst, wird einem umfangreichen Testprogramm ein-
schlieBlich einem 18-stiindigen Dauerlauf unterzogen. Dieser Dauerlauf erlaubt auch selten auftretende
Stérungen zu erkennen und zu beheben. Jede einzelne Membranpumpe wird nach dem Dauerlauf auf
Erreichen der Spezifikation getestet.

Jede Pumpe, die von VACUUBRAND ausgeliefert wird, erreicht die Spezifikation. Diesem hohen
Qualitatsstandard fiihlen wir uns verpflichtet.

Im Bewusstsein, dass die Vakuumpumpe keinen Teil der eigentlichen Arbeit in Anspruch nehmen darf,
hoffen wir, auch in Zukunft mit unseren Produkten zur effektiven und stérungsfreien Durchflihrung Ihrer
Tatigkeit beizutragen.

lhre
VACUUBRAND GMBH + CO KG

Technische Beratung Gebiet Nord: T +49 9342 808-5511
Gebiet Mitte: T +49 9342 808-5512
Gebiet Sud: T +49 9342 808-5513

Kundendienst und Service: T +49 9342 808-5661

Das Dokument ”Safety information for vacuum equipment - Sicherheits-
hinweise fur Vakuumgerate” ist Bestandteil dieser Betriebsanleitung! Das
Dokument ”"Sicherheitshinweise fur Vakuumgerate” lesen und beachten!

Trademark Index:

VACUU-LAN®, VACUU-BUS®, VACUUCONTROL™, Chemie-HYBRID™, Peltronic®, TURBO*MODE™,
VARIO®, VARIO-SP™, VACUUBRAND® und die gezeigten Logos sind Warenzeichen oder registrierte
Warenzeichen der VACUUBRAND GMBH + CO KG in Deutschland und/oder anderen Landern.

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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DE

Achtung: Die vorliegende Betriebsanleitung ist nicht in allen EU-Sprachen verfiigbar. Der Anwender darf
die beschriebenen Gerate nur dann in Betrieb nehmen, wenn er die vorliegende Anleitung versteht oder
eine fachlich korrekte Ubersetzung der vollstéandigen Anleitung vorliegen hat. Die Betriebsanleitung muss
vor Inbetriebnahme der Geréate vollstadndig gelesen und verstanden werden, und alle geforderten Maf3-
nahmen missen eingehalten werden. % "Sicherheitshinweise fur Vakuumgerate”

EN

Attention: This manual is not available in all languages of the EU. The user must not operate the device if
he does not understand this manual. In this case a technically correct translation of the complete manual
has to be available. The manual must be completely read and understood before operation of the device
and all required measures must be applied. % "Safety instructions for vacuum equipment”

FR

Attention: Le mode d’emploi présent n’est pas disponible dans toutes les langues d’Union Européenne.
L’utilisateur ne doit mettre le dispositif en marche que s’il comprend le mode d’emploi présent ou si une
traduction compléte et correcte du mode d’emploi est sous ses yeux. Le dispositif ne doit pas étre mis en
marche avant que le mode d’emploi ait été lu et compris complétement et seulement si le mode d’emploi
est observé et tous les mesures demandées sont prises. % «Avis de sécurité pour des dispositifs a
vide»

BG

BHuMaHune: Tean UHCTPYKLUM He ca npeBefeHn Ha Bcuyku eanum ot EO. Motpebutenat He Guea aa
paboTu ¢ ypeaa, ako He pasbupa MHCTPYKLMUTE 3a nonssaHe. B To3u crnyyanm e Heobxogmmo fa 6bae
NPefoCTaBeH MbMEH TEXHUYECKU MPEBOA HA MHCTPyKUMMTE 3a nonseaHe. MNpean pabota ¢ ypena e
3a0bIMKUTENHO NOTPEOUTENSAT Aa NpoyeTe U3LAN0 MHCTPYKUMMTE 3a paboTa. % "Yka3aHusi 3a 6e30-
NacHOCT 3a BaKyyMHu ypeau”

CN

AR ZBREFHRTIREMENIESRE. REEEIFERFM 2 , TREREZRE, EXHER
T, FEAIMEMREFREALEBNER, EREZREZN , LATERRABRZREFN
BHRXREARRENNE, & AZRRENLEEER

Ccz

Upozornéni :Tento navod k pouziti neni k dispozici ve vSech jazycich Evropské unie. Uzivatel neni
opravnén pozit pfistroj pokud nerozumi tomuto navodu. V takovém pfipadé je nutno zajistit technicky
korektni pfeklad manualu do ¢estiny. Navod musi byt uzivatelem prostudovan a uzivatel mu musi plné
porozumét pfed tim nez zacne pfistroj pouzivat. Uzivatel musi dodrzet vSechna pfislusna a pozadovana
opatreni. % "Bezpecnostni upozornéni pro vakuové pfistroje”.

DA

Bemeerk: Denne manual foreligger ikke pa alle EU sprog. Brugeren ma ikke betjene apparatet hvis
manualen ikke er forstaet. | det tilfaelde skal en teknisk korrekt oversaettelse af hele manual stilles til ra-
dighed. Manual skal veere gennemlaest og forstaet fgr apparatet betjenes og alle n@dvendige forholds-
regler skal tages. % »Sikkerhedsregler for vakuumudstyr«

EE

Tahelepanu! Kéesolev kasutusjuhend ei ole kdigis EL keeltes saadaval. Kasutaja ei tohi seadet kasit-
seda, kui ta ei saa kasutusjuhendist aru. Sel juhul peab saadaval olema kogu kasutusjuhendi tehniliselt
korrektne tdlge. Enne seadme kasutamist tuleb kogu juhend labi lugeda, see peab olema arusaadav
ning kdik ndutud meetmed peavad olema rakendatud. % "Ohutusnduded vaakumseadmetele”

ES

Atencion: Este manual no esta disponible en todos los idiomas de UE. El usuario no debe manejar el
instrumento si no entiende este manual. En este caso se debe disponer de una traduccion técnicamen-
te correcta del manual completo. El manual debe ser leido y entendido completamente y deben apli-
carse todas las medidas de seguridad antes de manejar el instrumento. % "Notas sobre la seguridad
para equipos de vacio”

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Fl

Huomio: Tama kayttdohje ei ole saatavilla kaikilla EU: n kielilla. Kayttaja ei saa kayttaa laitetta, jos hén
ei ymmarra taté ohjekirjaa. Tassa tapauksessa on saatavilla oltava teknisesti oikein tehty ja taydellinen
ohjekirjan kdannds. Ennen laitteen kayttda on ohjekirja luettava ja ymmarrettdva kokonaan seké suori-
tettava kaikki tarvittavat valmistelut ja muut toimenpiteet. % "Vakuumilaitteen turvallisuustiedot”

GR

Mpoagoxn! : O1 odnyieg auTtég dev eival O1aBETIpeg ae OAeg TIG yAwaaeg TNG EupwTraikng Evwang. O xpn-
aTnG dev TTPETTEl va BETEl g€ AgIToupyia TNV GUOKEUN av gV KATAVONGTEl TTANPWG TIG 0dNyieg QUTEG. 2€
TETOIO TTEPITITWAN O XPAOTNG TTPETTEI VO TTPOPNBEUTE aKkpIRA peTa@paan Tou RBifAiou odnyiwv. O xpratng
TPETTEl va SIalRACEl Kal va KaTavorael TTANpwG TIG odnyieg Xpnang Kai va Aalkel OAa Ta aTTapaitnTa HETPO
TIpIv BETel g AsiIToupyia TNV GUOKEUN. % "YTT00€iCeIg aopAAeIag yia avTAieg kevou”

HR

Paznja:ove upute ne postoje na svim jezicima Europske Unije. Korisnik nemora raditi sa aparatom ako
ne razumije ove upute.U tom slucaju tehnicki ispravni prijevod cijelih uputstava mora biti na raspola-
ganju. Uputstva moraju biti cijela procitana i razumljiva prije rada sa aparatom i sve zahtijevane mjere
moraju biti primjenjene. % ”Sigurnosne napomene za vakuumske uredaje”

HU

Figyelem! Ez a kezelési utasitas nem all rendelkezésre az EU dsszes nyelvén. Ha a felhasznélé nem
érti jelen hasznalati utasitas szévegét, nem lzemeltetheti a készlléket. Ez esetben a teljes gépkonyv
forditasardl gondoskodni kell. Uzembe helyezés elétt a kezelének végig kell olvasnia, meg kell értenie
azt, tovabba az Uzemeltetéshez sziikséges dsszes mérést el kell végeznie. % "A vakuum-készulékek-
kel kapcsolatos biztonsagi tudnivalok”

IT

Attenzione: Questo manuale non & disponibile in tutte le lingue della Comunita Europea (CE). L utiliz-
zatore non deve operare con lo strumento se non comprende questo manuale. In questo caso deve
essere resa disponibile una traduzione tecnicamente corretta del manuale completo. || manuale deve
essere completamente letto e compreso prima di operare con lo strumento e devono essere applicati
tutti gli accorgimenti richiesti. % "Istruzioni di sicurezza per apparecchi a vuoto”

JP
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LT

Démesio: Sis vadovas néra pateikiamas visomis ES kalbomis. Naudotojui draudziama eksploatuoti jtai-
s3, jeigu jis nesupranta Sio vadovo. Tokiu atveju reikia turéti viso vadovo techniSkai taisyklingg vertima.
Vadovg butina visg perskaityti ir suprasti pateikiamas instrukcijas prieS pradedant eksploatuoti jtaisa, bei
imtis visy reikiamy priemoniy. % "Vakuuminés jrangos saugos informacija”

LV

Uzmanibu: Lietotdja instrukcija nav pieejama visas ES valodas. Lietotajs nedrikst lietot iekartu, ja vins
nesaprot lietotaja instrukcija rakstito. Sada gadijuma, ir nepiecie$ams nodro$inat tehniski pareizu visas
lietotaja instrukcijas tulkojumu. Pirms sakt lietot iekartu, un, lai izpilditu visas nepiecieS§amas prasibas,
iekartas lietotaja instrukcija ir pilniba jaizlasa un jasaprot. % "Vakuuma iekartu drosibas noteikumi”
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NL

Attentie: Deze gebruiksaanwijzing is niet in alle talen van de EU verkrijgbaar. De gebruiker moet niet
met dit apparaat gaan werken als voor hem/haar de gebruiksaanwijzing niet voldoende duidelijk is. Bij
gebruik van deze apparatuur is het noodzakelijk een technisch correcte vertaling van de complete ge-
bruiksaanwijzing te hebben. Voor het in gebruik nemen van het apparaat moet de gebruiksaanwijzing
volledig gelezen en duidelijk zijn en dienen alle benodigde maatregelen te zijn genomen. % "Veilig-
heidsvoorschriften voor vacuiimapparaten”

PL

Uwagal!! Ta instrukcja nie jest dostepna we wszystkich jezykach Unii Europejskiej. Uzytkownik nie moze
rozpoczgc¢ pracy z urzagdzeniem dopoki nie przeczytat instrukcji i nie jest pewien wszystkich informacji w
niej zawartych. Instrukcja musi byc w catosci przeczytana i zrozumiana przed podjeciem pracy z urza-
dzeniem oraz nalezy podja¢ wszystkie niezbedne kroki zwigzane z prawidtowym uzytkowaniem.

% "Wskazdéwki bezpieczenstwa do urzadzen prozniowych”

PT

Atencao: Este manual ndo esta disponivel em todas as linguas da UE. O usuario ndo deve utilizar o
dispositivo, se ndo entender este manual. Neste caso, uma tradugéo tecnicamente correta do manual
completo tem de estar disponivel. O manual deve ser lido e entendido completamente antes da utiliza-
¢ao do equipamento e todas as medidas necessarias devem ser aplicadas. % "Informagéo de Segu-
ranga para Equipamento que funciona a Vacuo”

RO

Atentie: Acest manual nu este disponibil in toate limbile EU. Utilizatorul nu trebuie sa lucreze cu aparatul
daca daca nu intelege manualul. Astfel, va fi disponibile o traducere corecta si completa a manualului.
Manualul trebuie citit si inteles in intregime inainte de a lucra cu aparatul si a luat toate masurile care se
impun. % "Instructiuni de siguranta pentru aparatele de vidare”

RU

BHumaHuve: 3Ta MHCTPYKUUMS MO 3KCnnyaTauum He NMeeTcsl Ha Bcex s3blkax. MNoTpebuTtento He [03BO-
NEeHHO 3KCMIyaTMpoBaTh AaHHbIN Npubop, eCNv OH He MOHUMAaET 3Ty MHCTPYKUMIO. B 9TOM crniyyae HyxeH
TEXHUYECKN NPaBWMbHbIA NepPeBO NOMHOW MHCTPYKUMK. [pexxae Yem ucnonb3oBaTb 3TOT npubop,
HeobX0AMMO MONHOCTLI0 NPOYNTATb Y NOHATb ATY MHCTPYKLMIO U NMPUHSTE BCE HEOOXOAMMbIE MEPbI.
% "YKasaHusi No TexHMKe 6e3onacHOCTX Npu paboTe ¢ BakyyMHbIMK YCTpocTBaMm”

SE

Varning: Denna instruktion ar inte tillganglig pa alla sprak inom EU. Anvandaren far inte starta utrust-
ningen om hon/han inte forstar denna instruktion. Om sa ar fallet maste en tekniskt korrekt instruktion
goras tillganglig. Instruktionen maste lasas och forstas helt fére utrustningen tas i drift och nédvandiga
atgarder gores. % "Séakerhetsinformation for vakuumutrustning”

SI

Pozor: Ta navodila niso na voljo v vseh jezikih EU. Uporabnik ne sme upravljati z napravo, ¢e ne razume
teh navodil. V primeru nerazumljivosti mora biti na voljo tehni¢no pravilen prevod. Navodila se morajo
prebrati in razumeti pred uporaba naprave, opravljene pa moraja biti tudi vse potrebne meritve.

% "Varnostni nasveti za vakuumske naprave”

SK

Upozornenie: Tento manual nie je k dispozicii vo vSetkych jazykoch EU. Uzivatel nesmie obsluhovat
zariadenie, pokial nerozumie tomuto manualu. V takomto pripade musi byt k dispozicii technicky sprav-
ny preklad celého manualu. Pred obsluhou zariadenia je potrebné si precitat’ cely manual a porozumiet’
mu, a musia byt’ prijaté vSetky opatrenia. % "Bezpecnostné pokyny pre vakuové zariadenia”

TR

Dikkat : Bu kullanim kitabi, tim dillerde mevcut degildir. Kullanici, bu kullanim kitabini anlayamadiysa
cihazi galistirmamalidir. Bu durumda, komple kullanim kitabinin, teknik olarak diizgln ¢evirisinin bulun-
masi gerekir. Cihazin galistinimasindan énce kullanim kitabinin komple okunmasi ve anlasiimasi ve
tim gerekli dlguimlerin uygulanmasi gerekir. % "Vakumlu cihazlar igin glvenlik uyarilar”
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g GEFAHR =» Gefahr! Bezeichnet eine gefahrliche Situation, die, sofern sie nicht
vermieden wird, den Tod oder schwere Verletzungen zur Folge haben

wird.
ﬂ WARN NG = Warnung! Bezeichnet eine gefahrliche Situation, die, sofern sie nicht
U vermieden wird, den Tod oder schwere Verletzungen zur Folge haben

kann.

AVORSICHT + \Vorsicht! Bezeichnet eine gefahrliche Situation, die, sofern sie nicht

vermieden wird, geringflgige oder leichte Verletzungen zur Folge ha-
ben kann.

H I NWEIS Hinweis. Missachtung der Hinweise kann zu Schaden am Produkt fiihren.

HeilRe Oberflache!

Netzstecker ziehen.
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Unbedingt beachten!

Allgemeines

AWARNUNG = Betriebsanleitung lesen und beachten.
AVORSICHT

HINWEIS Gerat auspacken und auf Vollstandigkeit und Beschadigungen Uberprifen. Trans-
portverschliisse entfernen und aufbewahren.

Gerat an dem daflr vorgesehenen Handgriff transportieren.

BestimmungsgemaéaBe Verwendung

= Die Pumpe und alle Systemteile durfen nicht an Menschen oder Tieren einge-
AWARNUNG setzt werden.

iz Es muss sicher verhindert werden, dass irgendein Teil des menschlichen Koérpers
dem Vakuum ausgesetzt werden kann.

= Die einzelnen Komponenten dirfen nur in der vorliegenden, vorgesehenen Wei-
se elektrisch miteinander verbunden oder mit original VACUUBRAND Zubehdr
verdrahtet und betrieben werden.

i Hinweise zur korrekten vakuumtechnischen Verschaltung in Kapitel “Bedienung
und Betrieb“ beachten.

iz Die Pumpen sind fur eine Umgebungstemperatur bei Betrieb von +10°C bis
+40°C ausgelegt. Die maximalen Temperaturen Uberprifen und stets ausrei-
chende Frischluftzufuhr sicherstellen, insbesondere wenn die Pumpe in einen
Schrank oder in ein Gehause eingebaut wird. Ggf. externe Zwangsluftung vorse-
hen. Bei Forderung heilder Prozessgase sicherstellen, dass die maximal zulassi-
ge Gastemperatur nicht Uberschritten wird. Diese ist abhangig vom Ansaugdruck
und der Umgebungstemperatur der Pumpe (siehe "Technische Daten”).

= Partikel und Staube durfen nicht angesaugt werden.

HINWEIS Die Pumpe und alle Systemteile durfen nur fir den bestimmungsgemaBen Ge-
brauch eingesetzt werden, d. h. zur Erzeugung von Vakuum in dafiir bestimmten
Anlagen.

Aufstellen und AnschlieBen der Pumpe

= Gerat nur mit einer Schutzkontaktsteckdose verbinden. Nur einwandfreie, den
A GEFAHR Vorschriften entsprechende Netzkabel verwenden. Schadhafte/unzureichende

Erdung ist eine tddliche Gefahr.

ww Durch das hohe Verdichtungsverhaltnis der Pumpe kann sich am Auslass ein
AWARNUNG héherer Druck ergeben als die mechanische Stabilitat des Systems zulasst.
w= Unkontrollierten Uberdruck (z. B. beim Verbinden mit einem abgesperrten oder

blockierten Leitungssystem) verhindern. Berstgefahr!
iz Stets eine freie Abgasleitung (drucklos) gewahrleisten.

» Ebene, horizontale Standflache fir die Pumpe wahlen. Die Pumpe muss, ohne
AVORSICHT weiteren mechanischen Kontakt au3er den PumpenfifRen, einen stabilen und

sicheren Stand haben. Das zu evakuierende System sowie alle Schlauchverbin-
dungen missen mechanisch stabil sein.

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
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+ Maximal zulassige Driicke an Einlass und Auslass sowie maximal zulassigen
Differenzdruck zwischen Einlass und Auslass beachten, siehe Kapitel “Techni-
sche Daten“. Pumpe nicht mit Uberdruck am Einlass betreiben.

+ Falls Inertgas angeschlossen wird, muss der Druck auf einen Uberdruck von
maximal 0.2 bar begrenzt werden.

» Achtung: Elastische Elemente kénnen sich beim Evakuieren zusammenziehen.
» Leitungen am Einlass und am Auslass der Pumpe gasdicht anschlie3en.

* Angaben zu Netzspannung und Stromart (siehe Typenschild) prifen.

» Spannungswahlschalter (Pumpe mit umschaltbarem Weitbereichsmotor) nur
bei gezogenem Netzstecker umschalten! Einstellung des Spannungswahlschal-
ters prufen. Achtung: Der Motor kann beschadigt werden, wenn die Pumpe bei
falsch eingestelltem Spannungswahlschalter eingeschaltet wird!

Einen Mindestabstand von 20cm zwischen Lifter und angrenzenden Teilen (z.B.
Gehause, Wande, ...) einhalten. Den Lufter regelmafig auf Verschmutzung Uber-
prufen. Verschmutztes Liftergitter reinigen, um eine Einschrankung der Luftzufuhr zu
vermeiden.

Der Querschnitt der Ansaug- und Auspuffleitung sollte mindestens so grof3 gewahlt
werden wie die Pumpenanschlisse.

Wenn das Gerat aus kalter Umgebung in den Betriebsraum gebracht wird, kann
Betauung auftreten. Gerat in diesem Fall akklimatisieren lassen.

Alle anwendbaren einschlagigen Vorschriften (Normen und Richtlinien) und Sicher-
heitsbestimmungen beachten und die geforderten MaBRnahmen durchfiihren so-
wie entsprechende Sicherheitsvorkehrungen treffen.

Umgebungsbedingungen

iz Maximal zuldassige Umgebungstemperaturen und Gasansaugtemperaturen
(siehe "Technische Daten”) beachten.

Bei abweichenden Verhaltnissen sind geeignete MalRnahmen und Vorkehrungen
zu treffen, z. B. bei Verwendung im Freien, bei Betrieb in Hohen Gber 2000 m
NN (Gefahr unzureichender Kiihlung) oder bei leitfahiger Verschmutzung oder
Betauung.

Die Gerate entsprechen in Auslegung und Bauart den grundlegenden Anforderun-
gen der nach unserer Auffassung zutreffenden EU-Richtlinien und harmonisierten
Normen (siehe Konformitatserklarung), insbesondere der DIN EN 61010-1. Diese
Norm legt detailliert Umgebungsbedingungen fest, unter denen die Gerate sicher
betrieben werden kénnen (siehe auch IP-Schutzart).

Einsatzbedingungen der Pumpe

=» Pumpen ohne Kennzeichnung ”@” auf dem Typenschild besitzen keine
Zulassung fir die Aufstellung in und die Férderung aus explosionsgefahrdeten
Bereichen.

= Pumpen mit Kennzeichnung ”¢x)” auf dem Typenschild sind firr die Forde-
rung explosionsfiahiger Atmospharen gemafly der Kategorie Il 3G IIC T3 X

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
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nach ATEX zugelassen, besitzen jedoch keine Zulassung fir die Aufstellung
in explosionsgefihrdeten Bereichen (siehe Kapitel "€xy Hinweise zur Geréate-
kennzeichnung (ATEX)").

Die Pumpen sind nicht geeignet zur Férderung von
- instabilen Stoffen
- Stoffen, die unter Schlag (mechanischer Belastung) und/oder erhoh-
ter Temperatur ohne Luftzufuhr explosionsartig reagieren kénnen
- selbstentziindlichen Stoffen
- Stoffen, die ohne Luftzufuhr entziindlich sind
- Explosivstoffen

Die Pumpen sind nicht zugelassen fiir den Einsatz unter Tage.
Die Pumpen sind nicht geeignet zur Férderung von Stauben.

Die Pumpen sind nicht geeignet zur Férderung von Substanzen, die in der Pum-
pe Ablagerungen bilden kénnen. Ablagerungen und Kondensat in der Pumpe
kénnen zu erhéhter Temperatur bis hin zum Uberschreiten der maximal zul&ssi-
gen Temperaturen flihren!

Den Schopfraum regelmafig kontrollieren und ggf. reinigen, falls die Gefahr be-
steht, dass sich Ablagerungen im Schépfraum bilden kénnen (Einlass und Aus-
lass der Pumpe Uberpriifen).

Wechselwirkungen und chemische Reaktionen gepumpter Medien beachten.
Vertraglichkeit der gepumpten Substanzen mit den medienberiihrten Werkstof-
fen prifen, siehe Kapitel “Technische Daten*.

Falls unterschiedliche Substanzen gepumpt werden, ist eine Spulung der Pum-
pe mit Luft oder Inertgas vor dem Wechsel des Mediums zu empfehlen. Dadurch
werden eventuelle Rickstande aus der Pumpe geférdert und eine Reaktion der
Stoffe miteinander oder mit den Werkstoffen der Pumpe wird vermieden.

Sicherheit wiahrend des Betriebs

»

=

5 R

Freisetzung von gefahrlichen, giftigen, explosiven, korrosiven, gesundheitsscha-
digenden oder umweltgefahrdenden Fluiden, Gasen oder Dampfen verhindern.
Ein geeignetes Auffang- und Entsorgungssystem vorsehen sowie Schutzmal3-
nahmen fir Pumpe und Umwelt treffen.

Der Anwender muss das Auftreten explosionsfahiger Gemische im Gehause und
deren Zindung mit der erforderlichen Sicherheit verhindern. Eine Ziindung die-
ser Gemische kann z.B. bei Membranriss durch mechanisch erzeugte Funken,
heile Oberflachen oder statische Elektrizitat verursacht werden. Ggf. Inertgas
zur Beliiftung anschlieRen.

Potentiell explosive Gemische missen am Auslass der Pumpe geeignet abge-
fUhrt, abgesaugt oder mit Inertgas zu nicht mehr explosiven Gemischen verdinnt
werden.

Es ist unbedingt zu verhindern, dass irgendein Teil des menschlichen Kérpers
dem Vakuum ausgesetzt werden kann.

Keine Staube in die Pumpe ansaugen.
Stets eine freie Abgasleitung (drucklos) gewahrleisten.

Chemikalien unter Berlicksichtigung eventueller Verunreinigungen durch abge-
pumpte Substanzen entsprechend den einschlagigen Vorschriften entsorgen.

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
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VorsichtsmaRnahmen treffen (z. B. Schutzkleidung und Sicherheitsbrille verwen-
den), um Einatmen und Hautkontakt zu vermeiden (Chemikalien, thermische Ab-
bauprodukte von Fluorelastomeren).

iz Nur Originalteile und Originalzubehor verwenden. Bei der Verwendung von
Komponenten anderer Hersteller kann die Funktion bzw. die Sicherheit des Ge-
rats sowie die elektromagnetische Vertraglichkeit eingeschrankt sein.
Die Giiltigkeit des CE-Kennzeichens bzw. die Zertifizierung fir USA/Kanada (sie-
he Typenschild) kann erldschen, wenn keine Originalteile verwendet werden.

iz Ein Ausfall der Pumpe (z.B. durch Stromausfall) und daran angeschlossener
Komponenten, ein Ausfall von Teilen der Versorgung oder veranderte Kenngro-
Ren dirfen in keinem Fall zu einer gefahrlichen Situation fiihren. Bei Undichtig-
keiten an der Verschlauchung oder Membranriss kbnnen gepumpte Substanzen
in die Umgebung sowie in das Gehause der Pumpe oder den Motor austreten.
Insbesondere Hinweise zu Bedienung und Betrieb sowie zur Wartung beachten.

iz Aufgrund der verbleibenden Leckrate der Gerdte kann es zu Gasaustausch,
wenn auch in sehr geringem Malde, zwischen Umgebung und Vakuumsystem
kommen. Kontamination der gepumpten Substanzen oder der Umgebung aus-
schlief3en.

Symbol "heille Oberflachen” an der Pumpe beachten. Gefahr durch heile Ober-
flachen oder durch Funken ausschlieRen. Falls erforderlich geeigneten Berlih-
rungsschutz vorsehen.

Die Pumpe darf nur gegen maximal 1.1 bar Differenzdruck zwischen Einlass und
Auslass gestartet werden.
Ruckstau von Gasen und Rickfluss von Kondensat unbedingt verhindern.

Flussigkeitsschlage in der Pumpe vermeiden.

Der Anwender muss daflir Sorge tragen, dass die Anlage auch im Fehlerfall in einen
sicheren Zustand Uberfihrt wird. Der Anwender muss geeignete SchutzmaRnahmen
(Vorkehrungen, die den Erfordernissen der jeweiligen Anwendung Rechnung tra-
gen) fur einen Ausfall oder eine Fehlfunktion des Gerats vorsehen.

Ein selbsthaltender thermischer Wicklungsschutz schaltet den Motor bei Uber-
temperatur ab.
Achtung: Nur manuelle Rickstellung moglich. Pumpe ausschalten oder Netzste-
cker ziehen. Ursache der Uberhitzung ermitteln und beseitigen. Vor dem Wiederein-
schalten ca. fiunf Minuten warten.
Achtung: Bei Versorgungsspannungen kleiner 100V kann die Selbsthaltung
des Wicklungsschutzes eingeschrankt sein, sodass es nach der Abkihlung ggf.
zum automatischen Anlauf kommen kann. Kann dies zu Gefahren fiihren, Sicher-
heitsvorkehrungen treffen.

Wartung und Reparatur

Bei normaler Beanspruchung kann von einer Lebensdauer von Membranen und
Ventilen groRer 10000 Betriebsstunden ausgegangen werden. Motorlager haben
eine typische Lebensdauer von 40000 Betriebsstunden. Motorkondensatoren wei-
sen abhangig von den Einsatzbedingungen, wie Umgebungstemperatur, Luftfeuch-
tigkeit und Motorlast, eine typische Lebensdauer von 10000 bis 40000 Betriebsstun-
den auf.

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
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Pumpe niemals in gedffnetem Zustand betreiben. Sicherstellen, dass die Pumpe
keinesfalls im gedffneten Zustand unbeabsichtigt anlaufen kann.

Vor Beginn der Wartungsarbeiten Netzstecker ziehen.
Vor jedem Eingriff Gerate vom Netz trennen und anschliel3end zwei Minuten war-
ten, bis sich die Kondensatoren entladen haben.

Achtung: Durch den Betrieb kann die Pumpe mit gesundheitsschadlichen oder
anderweitig gefahrlichen Stoffen verunreinigt sein, ggf. vor Kontakt dekontami-
nieren bzw. reinigen.

VorsichtsmafRnahmen treffen (z. B. Schutzkleidung und Sicherheitsbrille verwen-
den), um Einatmen und Hautkontakt bei Kontamination der Pumpe zu vermei-
den.

VerschleiBteile missen regelmafig ausgetauscht werden.
Defekte oder beschadigte Pumpen nicht weiter betreiben.

Kondensatoren missen regelmafig gepriift (Kapazitat messen, Betriebsstunden
abschatzen) und rechtzeitig ausgetauscht werden. Ein beralterter Kondensator
kann heily werden, ggf. schmelzen. Selten kann es auch zu einer Stichflamme
kommen, die eine Gefahr fir Personal und Umgebung darstellen kann. Der Aus-
tausch der Kondensatoren muss von einer Elektrofachkraft durchgefiihrt werden.

Vor Beginn der Wartungsarbeiten die Pumpe beliiften und von der Apparatur
trennen. Die Pumpe abkuhlen lassen, ggf. Kondensat entleeren.

Eingriffe am Gerat nur durch sachkundige Personen. Reparatur von eingesand-
ten Geraten ist nur gemaf den gesetzlichen Bestimmungen (Arbeitssicherheit, Um-
weltschutz) und Auflagen mdglich, siehe Kapitel "Hinweise zur Einsendung ins
Werk”.
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BestimmungsgemaBe Verwendung

= Hinweise zur korrekten Verschaltung der Pumpe mit dem Vakuum- bzw. Druck-
system in Kapitel “Bedienung und Betrieb® beachten.

Die Pumpe und alle Systemteile durfen nur fir den bestimmungsgeméaBen Ge-
brauch eingesetzt werden, d. h. zur Erzeugung von Vakuum in dafiir bestimmten
Anlagen und zur Kompression von Gasen in daflir bestimmten Behaltern.

Aufstellen und AnschlieBen der Pumpe

1=z Bei der Verwendung als Kompressionspumpe muss darauf geachtet werden,
dass der maximal erzeugte Uberdruck mit der mechanischen Stabilitat des Druck-
behalters vertraglich ist. Uberdruck darf nur in einem Behalter erzeugt werden,
der fiir Uberdruck ausgelegt ist. Berstgefahr!
Achtung: Den maximal zuldssigen Druck von 4 bar (absolut) am Auslass be-
achten. Die Pumpe besitzt am Druckfeinregulierkopf ein Uberdruckventil (Off-
nungsdruck: 4 bar absolut). Ggf. ein zusatzliches Uberdruckventil im Drucksys-
tem vorsehen. Elastische Elemente kénnen sich bei Uberdruck ausdehnen!

w= Unkontrollierten Uberdruck (z. B. beim Verbinden mit einem abgesperrten oder
blockierten Leitungssystem) verhindern. Berstgefahr!

= |Insbesondere bei der Verwendung als Vakuumpumpe stets eine freie Abgaslei-
tung (drucklos) gewahrleisten.

Maximal zuldssige Driicke an Einlass und Auslass sowie maximal zulassigen
Differenzdruck zwischen Einlass und Auslass beachten, siehe Kapitel “Techni-
sche Daten“. Pumpe nicht mit Uberdruck am Einlass starten.

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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& Hinweise zur Gerdtekennzeichnung (ATEX)

VACUUBRAND Gerate mit der Kennzeichnung (siehe Typenschild)

& N3GICT3X
Internal Atm. only
Tech. File Ref.: VAC-EXO01

und
VACUUBRAND Gerate mit der Kennzeichnung (siehe Typenschild)
& X see manual

Fir Gerate mit der Kennzeichnung ,Ex X see manual“ gilt folgende Kennzeichnung geméaR Richtlinie 94/9/EG
(ATEX): € 11 3G IIC T3 X, Internal Atm. only, Tech. File Ref.: VAC-EX01.

Die Einstufung Il 3G IIC T3 X nach ATEX ist nur fir den Innenraum (medienberuhrter Bereich, geférderte Gase /
Dampfe) des Gerats glltig. Das Gerat ist nicht geeignet fiir den Einsatz in einer externen, potentiell explosionsfahi-
gen Atmosphéare (Umgebung).

Die Gesamtkategorie des Gerats ist abhangig von angeschlossenen Bauteilen. Gentigt das Zubehor nicht der Ein-
stufung der VACUUBRAND Gerate, erlischt die spezifizierte Kategorie der VACUUBRAND Gerate.

Vakuumpumpen und Messgerate der Kategorie 3 sind zum Anschluss an Apparaturen bestimmt, in denen bei Nor-
malbetrieb eine explosionsfahige Atmosphare durch Gase, Dampfe oder Nebel normalerweise nicht oder aber aller
Wabhrscheinlichkeit nach nur kurzzeitig und selten auftritt.

Gerate dieser Kategorie gewahrleisten bei normalem Betrieb das erforderliche Maf an Sicherheit.

Die Verwendung von Gasballast und/oder Beliftungsventilen ist nur dann zulassig wenn sichergestellt ist, dass
dadurch normalerweise keine oder aber aller Wahrscheinlichkeit nach nur kurzzeitig oder selten explosionsfahige
Gemische im Innenraum des Gerats erzeugt werden.

Die Gerate sind mit "X” (gemaly EN 13463-1) gekennzeichnet, d. h. Einschrankung der Betriebsbedingungen:

» Die Gerate sind ausgelegt fir einen niedrigen Grad mechanischer Gefahr und sind so aufzustellen, dass sie von
aufllen nicht mechanisch beschadigt werden kénnen.
Pumpstande missen stol3geschitzt von aufden und splittergeschiitzt (gegen Implosionen) aufgestellt werden.

» Die Gerate sind ausgelegt fir eine Umgebungs- und Gasansaugtemperatur bei Betrieb von +10°C bis +40°C.
Diese Umgebungs- und Gasansaugtemperaturen dirfen keinesfalls Uberschritten werden. Beim Férdern / Mes-
sen nicht explosionsfahiger Gase gelten erweiterte Gasansaugtemperaturen, siehe Betriebsanleitung, Abschnitt
.Gasansaugtemperaturen” oder ,Technische Daten®.

Nach Eingriffen am Gerat (z.B. Instandsetzung / Wartung) muss das Endvakuum der Pumpe Uberprtft werden. Nur
bei Erreichen des spezifizierten Endvakuums der Pumpe wird eine niedrige Leckrate des Gerats und somit die Ver-
meidung explosionsfahiger Gemische im Innenraum der Pumpe sichergestellt. Nach Eingriffen am Vakuumsensor
muss die Leckrate des Gerats Uberprift werden.

( )

Achtung: Die vorliegende Betriebsanleitung ist nicht in allen EU-Spra-
chen verfiigbar. Der Anwender darf die beschriebenen Gerate nur dann
in Betrieb nehmen, wenn er die vorliegende Anleitung versteht oder eine
fachlich korrekte Ubersetzung der vollstindigen Anleitung vorliegen hat.
Die Betriebsanleitung muss vor Inbetriecbnahme der Gerate vollstiandig
gelesen und verstanden werden, und alle geforderten MaBnahmen miis-
sen eingehalten werden.

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Technische Daten

ME 4 NT
Typ ME 4S NT MZ 2 NT |MZ 2S NT | MZ 2D NT

Maximales Saugvermdgen

3
50/60 Hz nach ISO 21360 m3h| 4.0/4.4 22124 20/23 23/25

70
Endvakuum (absolut) mbar ME 4S NT: 75 7 4

Maximal zulassiger Druck am Ein-

lass (absolut) bar 11

Maximal zulassiger Druck am Aus-

lass (absolut) bar 2 11

Maximal zulassiger Differenzdruck

zwischen Einlass und Auslass bar 2 1.1

Zulassige Umgebungstemperatur o ) . .
bei Lagerung / Betrieb c 10 bis +60 / +10 bis +40

Zulassige relative Umgebungsluft-
feuchte bei Betrieb (nicht betau- % 30 bis 85
end)

Motornennleistung w 180

Leerlaufdrehzahl 50/60 Hz min-" 1500/ 1800

Max. zuldssiger Bereich der Ver- 100-115 V~ 50/60 Hz. 120V~ 60 Hz
sorgungsspannung ( £10% ) '

Achtung: Typenschildangaben 230 V~ 50/60 Hz
beachten!

100-115 V~ 50/60 Hz, 120 V 60 Hz /

hal Wei ich
Umschaltbarer Weitbereichsmotor 200-230 V~ 50/60 Hz

Maximaler Nennstrom bei:

100-115 V~ 50/60 Hz, 120 V~ 60 Hz A 3.4

200-230 V~ 50/60 Hz A 1.8

230 V~ 50/60 Hz A 1.8

Geratesicherung 6.3A trage

Motorschutz thermischer Wicklungsschutz, selbsthaltend
Schutzart nach IEC 529 IP 40

_ Kleinflansch
Einlass Schlauchwelle DN 10 mm DN 16
Auslass Schalldampfer
A-bewerteter Emissionsschalldruck-
pegel” (Unsicherheit K ,: 3dB(A)) db(A) 45
243 x 242

Abmessungen L x B x H ca. mm 243 x 239 x 198 x 198
Gewicht betriebsfertig ca. kg 11.0 1.4

*  Messung am Endvakuum bei 230V/50Hz nach EN ISO 2151:2004 und EN ISO 3744:1995 mit Schalldampfer am Auslass.
Technische Anderungen vorbehalten!

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Typ ME 8 NT [ME8S NT| MD 4 NT | MV 2NT

Maximales Saugvermdgen
50/60 Hz nach I1ISO 21360

Endvakuum (absolut) mbar 70 80 1 0.5

m3h| 7.3/8.1 71178 3.8/4.3 22124

Maximal zulassiger Druck am Ein-

lass (absolut) bar 11
Maximal zulassiger Druck am Aus- bar 2 11
lass (absolut)
Maximal zul&ssiger Differenzdruck
. . bar 2 1.1
zwischen Einlass und Auslass
Zulassige Umgebungstemperatur o _ ; ;
bei Lagerung / Betrieb c 10 bis +60 / +10 bis +40
Zulassige relative Umgebungsluft-
feuchte bei Betrieb (nicht betau- % 30 bis 85
end)
Motornennleistung w 250
Leerlaufdrehzahl 50/60 Hz min-’! 1500/ 1800
Max. zuléssiger Bere|choder Ver- 100V~ 50/60 Hz 100-115 V~ 50/60Hz,
sorgungsspannung (£10%) 120 V~ 60 Hz
Achtung: Typenschildangaben 120 V~ 60 Hz )

beachten!
230 V~ 50/60 Hz

100-115 V~ 50/60 Hz, 120 V~ 60 Hz /

Umschaltbarer Weitbereichsmotor 200-230 V~ 50/60 Hz

Maximaler Nennstrom bei:

100 V~ 50/60 Hz A 5.0

120 V~ 60 Hz A 4.0

230 V~ 50/60 Hz A 3.0

100-115 V~ 50/60 Hz 120 V~ 60 Hz A 5.7

200-230 V~50/60 Hz A 3.0

Geratesicherung 6.3A trage

Motorschutz thermischer Wicklungsschutz, selbsthaltend
Schutzart nach IEC 529 IP 40

Einlass Schlauchwelle DN 10 mm Kleinflansch DN 16
Auslass 2x Schalldampfer Schalldampfer
A-bewerteter Emissionsschalldruck-
pegel* (Unsicherheit K : 3aB(A)) 9P 45

Abmessungen L x B x H ca. mm 325 x 239 x 198

Gewicht betriebsfertig ca. kg 16.4

*  Messung am Endvakuum bei 230V/50Hz nach EN ISO 2151:2004 und EN ISO 3744:1995 mit Schalldampfer am Auslass.

Technische Anderungen vorbehalten!

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Typ MD 4S NT ME 4R NT ME 2 NT
Maximales Saugvermdgen 3
50/60 Hz nach 1SO 21360 m3/h 3.8/4.3 3.8/4.2 20/2.2
Endvakuum (absolut) mbar 2 100 70
Maximal zulassiger Druck am

. bar 1.1
Einlass (absolut)
Maximal zulassiger Druck am
Auslass (absolut) bar 11 4 2
Maximal zul&ssiger Druck am bar ) 3 )
Auslass (Uberdruckanzeige)
M§X|mal zu.IaSS|ger Differenzdruck bar 11 4 >
zwischen Einlass und Auslass
Zu_IaSS|ge Umgebur)gstemperatur °C 210 bis +60 / +10 bis +40
bei Lagerung / Betrieb
Zulassige relative Umgebungsluft- o .
feuchte bei Betrieb (nicht betauend) o 30 bis 85
Motornennleistung w 250 180
Leerlaufdrehzahl 50/60 Hz min-! 1500/ 1800

Max. zulassiger Bereich der
Versorgungsspannung (x10%)
Achtung: Typenschildangaben
beachten!

100-115 V~ 50/60 Hz, 120V~ 60 Hz
230V~ 50/60 Hz
100-115 V~ 50/60 Hz,

Umschaltbarer Weitbereichsmotor 120 V~60 Hz / -
200-230 V~ 50/60 Hz

Maximaler Nennstrom bei:

100-115 V~ 50/60 Hz, 120 V~ 60 Hz A 5.7 34

230 V~ 50/60 Hz A 3.0 1.8

200-230 V~50/60 Hz A 3.0 -
Geratesicherung 6.3A trage

Motorschutz thermischer Wicklungsschutz, selbsthaltend
Schutzart nach IEC 529 IP 40

Einlass Schlauchwelle DN 10 mm

Auslass Schlauchwelle DN 10 mm Schalldampfer
e EmemnS A g i

Abmessungen L x B x H ca. mm 325 x 239 x 198 243 x 239 x 290|243 x 211 x 198
Gewicht betriebsfertig ca. kg 16.4 11.5 10.2

*  Messung am Endvakuum bei 230V/50Hz nach EN ISO 2151:2004 und EN ISO 3744:1995 mit Schalldampfer am Auslass.

Technische Anderungen vorbehalten!

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Typ MD 4CRL NT
Maximales Saugvermdgen 3
50/60 Hz nach SO 21360 me/h 34138
Endvakuum (absolut) mbar 1.5
Leckrate (integral) mbar*l/s 0.001
Maximal zulassiger Druck am Einlass (absolut) bar 1.1
Maximal zulassiger Druck am Auslass (absolut) bar 1.1
Maximal zulassiger Differenzdruck zwischen

. bar 1.1
Einlass und Auslass
Zulas_3|ge Umgebungstemperatur bei Lagerung °C -10 bis +60 / +10 bis +40
/ Betrieb
Zulassige relative Umgebungsluftfeuchte bei o .
Betrieb (nicht betauend) o 30 bis 85
Motornennleistung W 250
Leerlaufdrehzahl 50/60 Hz min-! 1500/ 1800
nMuzar:(é fﬂ%i/sogger Bereich der Versorgungsspan- 100-115 V~ 50/60 Hz, 120 V~ 60 Hz /
Achtung: Typenschildangaben beachten! 200-230 V~ 50/60 Hz
Maximaler Nennstrom bei:

100-115 V~ 50/60 Hz 120 V~ 60 Hz A 5.7

200-230 V~50/60 Hz A 3.0
Geratesicherung 6.3A trage
Motorschutz thermischer Wicklungsschutz,

selbsthaltend

Schutzart nach IEC 529 IP 40
Einlass Kleinflansch DN 16
Auslass Kleinflansch DN 16
A-bewerteter Emissionsschalldruckpegel*
(Unsicherheit K ,: 3dB(A)) db(A) 45
Abmessungen L x B x H ca. mm 325 x 239 x 198
Gewicht betriebsfertig ca. kg 19.8

*  Messung am Endvakuum bei 230V/50Hz nach EN ISO 2151:2004 und EN ISO 3744:1995 mit Schalldampfer am Auslass.

Technische Anderungen vorbehalten!

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Gasansaugtemperaturen

Betriebszustand Ansaugdruck tz:;;a':::gtel:rBereich Il (et
Dauerbetrieb > 100 mbar (hohe Gaslast) +10°C bis +40°C
Dauerbetrieb < 100 mbar (niedrige Gaslast) | 0°C bis +60°C*

kurzzeitig (< 5 Minuten) < 100 mbar (niedrige Gaslast) | -10°C bis +80°C*

* bei Forderung potentiell explosionsfahiger Atmospharen: +10°

C bis +40°C

Medienberiihrte Werkstoffe

Komponenten Medienberiihrte Werkstoffe
. Aluminiumlegierung

Gehausedeckel (AIMgSi0.5 oder AlSi12)

Kopfdeckel Aluminiumlegierung (AlSi12)

Membranspannscheibe

Aluminiumlegierung (AISi12)

Membranspannscheibe
(ME 4S NT/MZ 2S NT/ME 8S NT/MD 4S NT)

ETFE glasfaserverstarkt

Membrane FPM
Membrane PTFE

(ME 4S NT/MZ 2S NT/ME 8S NT/MD 4S NT/ME 4R NT)

Ventile FPM

Ventile (MZ 2D NT) FPM / PTFE
Ventile (ME 4S NT / MZ 2S NT/ ME 8S NT / MD 4S NT) FFKM
Ventile (ME 4R NT) PTFE
O-Ringe FPM

Verbindungsrohr

Aluminiumlegierung (AIMgSi0.5)

Kleinflansch Edelstahl
Schlauchwelle PBT
Schlauchwelle (ME 4 NT / ME 4S NT) Edelstahl

Schalldampfer

PA / PE / Aluminiumlegierung oder
Aluminiumlegierung / Silikon

Verschraubungen Aluminium eloxiert

(ME 4(R, S) NT / MZ 2(S) NT / MZ 2D NT)

Schlauch (ME 4(R) NT/MZ 2 NT / MZ 2D NT) PE

Schlauch (ME 4S NT / MZ 2S NT) PTFE

Dichtringe (ME 4(R, S) NT/ MZ 2(S) NT / MZ 2D NT) PVC

MD 4CRL NT

Gehausedeckel Edelstahl

Kopfdeckel ETFE kohlefaserverstarkt

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Komponenten

Medienberiihrte Werkstoffe

Membranspannscheibe

ETFE kohlefaserverstarkt

Membrane PTFE
Ventile FFKM
Verbindungsschlauch PTFE
Verschraubungen Edelstahl
Dichtringe FPM
Feinregulierkopf (ME 4R NT)

O-Ring NBR
Ventilblock Aluminiumlegierung
Dichtring Manometer Kupfer
Hohlschraube, Dosierschraube Edelstahl
Uberdruckventil FPM

Technische Anderungen vorbehalten!

Bezeichnung der Pumpenteile

Position Bezeichnung Position Bezeichnung
1 Einlass 8 Einlass mit Vakuumfeinregulierkopf
2 Auslass 9 Auslass mit Druckfeinregulierkopf
3 Ein-/Ausschalter 10 Dosierschraube
4 Netzanschluss 11 Uberdruckmanometer
5 Traggriff 12 Vakuummeter
6 Pumpentypenschild 13 Auslass Uberdruckventil
7 Lafter 14 Spannungswabhlschalter

Netzanschluss (alle Pumpentypen)

N

/

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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/
ME 2 NT

N /

ME 4 NT / ME 4S NT
(Abb.: ME 4 NT)

N /

Das Dokument darf nur vollsténdig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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a N
ME 4R NT

N J
MZ 2 NT/ MZ 2S NT A
(Abb.: MZ 2 NT)

N J

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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/
MZ 2D NT

N /

ME 8 NT / ME 8S NT

N /

Das Dokument darf nur vollsténdig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes bezliglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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~
MD 4 NT/ MV 2 NT
(Abb.: MV 2 NT)

N

KMD 4S NT

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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/MD 4CRL NT
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Bedienung und Betrieb
Beim Einbau in ein Vakuumsystem
=» Ein geeignetes Auffang- und Entsorgungssystem vorsehen, falls die Gefahr be-
A G E FAH R steht, dass gefahrliche oder umweltgefahrdende Fluide freigesetzt werden.
= Falls erforderlich einen Abgasschlauch am Auslass gasdicht anschlief3en und die
AWARNUNG Auspuffgase geeignet (z.B. liber Abzug) entsorgen.

= Der Gasauslass darf nicht blockiert sein. Die Abgasleitung muss stets frei (druck-
los) sein, um einen ungehinderten Ausstol3 der Gase zu gewahrleisten.

= Partikel und Staube dirfen nicht angesaugt werden. Der Anwender muss ggf.
geeignete Filter vor der Pumpe installieren. Der Anwender muss vor der Anwen-
dung die Eignung dieser Filter beziglich Durchfluss, chemischer Bestandigkeit
und Sicherheit gegen Verstopfen Gberpriifen und sicherstellen.

= Beim Einbau in ein Gehause oder bei hoher Umgebungstemperatur fiir gute Be-
IGftung sorgen, ggf. externe Zwangsliiftung vorsehen.

ME 4R NT:

= Bei der Verwendung als Verdichter ist darauf zu achten, dass der maximal er-
zeugte Uberdruck mit der mechanischen Stabilitat des Druckbehalters vertréaglich
ist, ggf. Uberdruckventil vorsehen.

= |Insbesondere bei der Verwendung als Vakuumpumpe darf der Gasauslass nicht
blockiert sein, die Abgasleitung muss stets frei (drucklos) sein, um einen unge-
hinderten Ausstol? der Gase zu gewahrleisten.

+ Ubertragung mechanischer Kréfte durch starre Verbindungsleitungen vermeiden
AVORSIC HT und elastische Schlauchstlicke oder Federungskérper zwischenschalten.

Achtung: Elastische Elemente kdnnen sich beim Evakuieren zusammenziehen.
» Zuleitung am Einlass der Pumpe gasdicht anschlie3en.

* Bei Stromausfall kann es zu unbeabsichtigtem Beliiften kommen. Kann dies zu
Gefahren fiihren, geeignete Sicherheitsvorkehrungen treffen.

» Vor dem Einschalten der Pumpe Netzspannung und Stromart prifen (siehe Ty-
penschild).

*  Pumpe mit Weitbereichsmotor: Einstellung des Spannungswahlschalters am
Motorklemmkasten prifen.
Achtung: Ein Einschalten der Pumpe bei falsch eingestelltem Spannungswahi-
schalter kann zur Beschadigung des Motors fiihren!
Vor jedem Einschalten den Spannungswahlschalter am Klemmkasten auf korrek-
te Einstellung kontrollieren!
Spannungsbereich nur umstellen, wenn die Pumpe vom Netz getrennt ist.

Spannungswabhlschalter:
Mit einem Schraubendreher den Spannungswahlschalter am Klemmkasten auf
die Betriebsnennspannung des Versorgungsnetzes einstellen:

"115” gilt fur 90-126 V
"230” gilt fur 180-253 V

|_ Spannungswahlschalter

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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HINWEIS Mindestabstand von 20cm zwischen Liftern und angrenzenden Teilen einhalten.
Kirzest moégliche Vakuumverbindungsleitungen groRer Nennweite verwenden, um

Drosselverluste zu vermeiden.

Auspuffleitungen stets fallend verlegen um Kondensatriickfluss aus der Auspufflei-
tung in die Pumpe zu verhindern.

Vorteilhaft: Ventil auf Saugstutzen zum Warmlaufen/Nachlaufen aufbauen.

Lecks bei der Installation zuverlassig verhindern. Nach der Installation die Anlage
auf Lecks Uberprufen.

Schlauchverbindungen geeignet gegen unbeabsichtigtes Losen sichern.

Hinweis zur Inbetriebnahme der Manometer (nur ME 4R NT)

Die verwendeten Manometer sind Manometer mit Glyzerinfiillung. Das Uberdruck-
manometer zeigt den Uberdruck in Bezug auf den am Ort der Aufstellung herrschen-
den Atmospharendruck an (Relativdruck). Das Vakuummeter zeigt den absoluten
Druck an.

Pumpe im Betriebsraum aufstellen.

Vor Inbetriebnahme muss die Referenzkammer beluftet werden.

Ohne Beluften des Manometers kann ein systematischer Messfehler auftreten.

Bei der Beluftung der Referenzkammer sind, je nach Manometermodell, folgende
Ausflhrungen zu unterscheiden:

A: Manometer mit Bohrung an der Gehauseriickseite
Vertiefung an der Riickseite des Manometers durchstechen.
Dabei kann etwas Flissigkeit austreten.

Vertiefung w Pumpe beim Transport nicht kippen.

B: Manometer mit Beliiftungsstift

Manometer durch Anheben des Stifts kurz bellften. Stift nicht

ganz herausziehen!

w Ggf. wiederholen, wenn bei belliftetem Messstutzen ein
Druckunterschied angezeigt wird.

Stift

C: Manometer mit Druckausgleichsventil

Manometer kurz Uber das Druckausgleichsventil beliften.

Ventil wieder schlie3en.

i Ggf. wiederholen, wenn bei belliftetem Messstutzen ein
Differenzdruck angezeigt wird.

Druckausgleichs-
ventil

D: Manometer ohne Bohrung, Beliiftungsstift oder Druck-
ausgleichsventil:
= Die Referenzkammer dieses Manometers nicht beliften!
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Beim Betrieb

= Potentiell gefahrliche Gase und Dampfe missen am Auslass der Pumpe ge-
eignet abgefihrt und entsorgt werden.

== Durch das hohe Verdichtungsverhaltnis der Pumpe kann sich am Auslass ein
hoherer Druck ergeben als die mechanische Stabilitat des Systems zulasst. Si-
cherstellen, dass der Pumpenauslass weder blockiert noch eingeschrankt ist.

iz Max. Umgebungstemperatur: 40 °C
Bei Betrieb in einem Gehause oder bei hoher Umgebungstemperatur fir ausrei-
chende Luftzufuhr sorgen.

iz Nach langerem Betrieb mit hohen Ansaugdriicken oder staubhaltigen Gasen
kann der Schalldampfer verstopfen. Den Schalldampfer regelmafig auf Durch-
Iassigkeit Gberprifen, ggf. austauschen oder durch eine Schlauchwelle (Mat.-Nr.
639758 mit Dichtring Mat.-Nr. 639729) ersetzen.

ME 4R NT:

1= Bei Einlassdriicken groRer als Atmospharendruck ist bei Dauerbetrieb darauf zu
achten, dass der Einlassdruck den Gegendruck am Auslass (siehe Manometer-
anzeige) nicht Uberschreitet. Maximalen Gegendruck von 4 bar absolut beach-
ten.

Bei einem Aufstellungsort Gber 2000 m Uber NN (Gefahr von unzureichender
Kihlluftzufuhr) sind geeignete MaRnahmen und Vorkehrungen zu treffen.

» Hochstzulassigen Druck an Einlass und Auslass beachten.

ME 4R NT:
» Achtung: Die Dosierschrauben besitzen bei Linksdrehung keinen Anschlag! Do-
sierschrauben nicht ganz herausdrehen!

Die Pumpe darf nur bei maximal 1.1 bar Druck (absolut) am Auslass gestartet
werden, da sonst eventuell der Motor blockiert und Schaden nimmt.

Kondensation in der Pumpe, sowie Flissigkeitsschlage und Staub vermeiden, da
eine Dauerforderung von Flissigkeiten oder Staub Membrane und Ventile schadigt.
Pumpe von aufden regelmafig auf Verschmutzung bzw. Ablagerungen tberprifen.
Pumpe ggf. reinigen, um eine Erhéhung der Betriebstemperatur der Pumpe zu ver-
hindern.

Ein selbsthaltender thermischer Wicklungsschutz schaltet den Motor bei Uber-

temperatur ab.

Achtung: Nur manuelle Rickstellung moglich. Pumpe ausschalten oder Netzstecker

ziehen. Ursache der Uberhitzung ermitteln und beseitigen. Vor dem Wiedereinschal-

ten ca. funf Minuten warten.

» Achtung: Bei Versorgungsspannungen kleiner 100V kann die Selbsthaltung
des Wicklungsschutzes bei Weitbereichsmotoren eingeschrankt sein, sodass es
nach der Abkiihlung ggf. zum automatischen Anlauf kommen kann. Kann dies zu
Gefahren flihren, Sicherheitsvorkehrungen treffen.

Starke Warmezufuhr (z. B. durch heil}e Prozessgase) vermeiden.
Die Pumpe erreicht die angegebenen Werte fir Saugleistung und Endvakuum erst
bei Betriebstemperatur (nach ca. 15 min.).
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ME 4R NT:

Die Regelung des Vakuums im System erfolgt (iber den Vakuum-Feinregulierkopf

an der Einlassseite der Pumpe. Durch Drehen an der Dosierschraube kann die aus

dem Vakuumsystem geférderte Gasmenge reguliert werden:

- Drehen der Dosierschraube nach links: geringeres Vakuum (hoherer Druck)
(Pumpe saugt zusatzlich Falschluft Gber Dosierschraube an.)

- Drehen der Dosierschraube nach rechts: héheres Vakuum (niedrigerer Druck)

Entsprechend erfolgt die Regelung des Uberdrucks auf der Auslassseite der Pum-
pe Uber den Druck-Feinregulierkopf:
- Drehen der Dosierschraube nach links: Erniedrigen des Uberdrucks
(Pumpe blast tiber Dosierschraube ab.)
Bei Verwendung der Pumpe als Vakuumpumpe fiir freie Abgasleitung sorgen.
- Drehen der Dosierschraube nach rechts: Erhéhen des Uberdrucks
= Achtung: max. 4 bar Uberdruck zulissig!

AuBerbetriebsetzen

Kurzfristig:

Die Pumpe bei offenem Einlass noch einige Minuten nachlaufen lassen, falls sich
Kondensat in der Pumpe gebildet haben kann.

Ggf. die Pumpenkdpfe reinigen und Uberprifen, falls Medien in die Pumpe gelangt
sind, die die Pumpenwerkstoffe angreifen oder die Ablagerungen bilden kénnen.

Langfristig:

MalRnahmen wie bei kurzfristigem Aulerbetriebsetzen beschrieben durchfiihren.
Pumpe von der Apparatur trennen.

Ein- und Auslassoffnung verschlielen (z. B. mit Transportverschliissen).

Pumpe trocken lagern.
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Digitales Absolutdruckmessgerat DVR 2 ............... 682902
Schlauch (Kautschuk) 10 MM ID ..o 686002
PTFE-Schlauch antistatisch KF DN 16 (1000 MIM)........ooiiiiiiiiiiie e 686031
Edelstahlschlauch KF DN 16 (1000 MM) ...ooiiiiiiiiiiiiiiieee e 673336
Adapter KF DN 16 auf Schlauchwelle 1/2”..................ccoii e 636004
Adapter Schlauchwelle DN 10 auf Schlauchwelle 1/2”.................oo o, 636002
VACUU-LAN® Mini-Netzwerk mit drei VCL 01 ModUleN.........ccccoouieiiiiiiieie e 2614455
Vakuum-Feinregulierkopf mit Manometer ... 696840

Riickschlagventil (mechanisch) ..........ccccccciiiennen. 639683

(Simultaner Betrieb zweier Anlagen auf unterschiedlichem
Druckniveau, Edelstahl/FFKM, Leckrate < 10 mbar*l/s bei
einer Druckdifferenz > 500 mbar.)

Weiteres Zubehor wie Vakuumventile, Vakuumbauteile sowie Mess- und Regelgeréte finden Sie
unter www.vacuubrand.de
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Festgestellte Fehler |Mogliche Ursache Fehlerbeseitigung

QO Pumpe lauft nicht an = Netzstecker nicht einge- v Netzstecker einstecken,
oder bleibt gleich wieder steckt? Netzsicherung kontrollieren.
stehen.

Geratesicherungen durchge- |v  Ursache des Defekts er-

brannt? mitteln. Geratesicherungen
austauschen.

Uberdruck in der Abgasleitung | Abgasleitung 6ffnen bzw.

oder im System (druckseitig)? Uberdruck im System redu-
zieren (Druck-Feinregulier-
kopf ME 4R NT).

Motor Uberlastet? v Motor abkiihlen lassen,
genaue Ursache ermitteln
und beseitigen. Nur manuelle
Ruckstellung méglich. Pum-
pe ausschalten oder Netzste-
cker ziehen.

0 Keine Saugleistung. Zentrierring am Kleinflan- v Pumpe direkt priifen - Mess-
schanschluss falsch eingelegt gerat direkt am Pumpen-
oder Leck in der Leitung oder einlass anschlielen - dann
im Rezipienten? ggf. Anschluss, Leitung und

Rezipienten prifen.

Vakuum-Feinregulierkopf v Vakuum-Feinregulierkopf

geoffnet (ME 4R NT)? schlief3en.

Lange, dinne Vakuumlei- v Leitungen mit groBerem

tung? Querschnitt wahlen.

Kondensat in der Pumpe? v Pumpe einige Minuten mit
offenem Saugstutzen laufen
lassen.

Ablagerungen in der Pumpe? |v  Pumpenkopfe reinigen und
Uberprifen.

Membrane oder Ventile de- v Membrane und/oder Ventile

fekt? erneuern.

Gasabgabe der verwendeten |v  Prozessparameter priifen.

Substanzen, Dampfentwick-

lung im Prozess?

Q Pumpe zu laut. Lautes Auspuffgerdusch? v Schlauch oder Schalldamp-

fer an Auspuff montieren.

Membranspannscheibe lose? | Wartung der Membranpum-
pe.

Obige Ursachen kénnen aus- | Pumpe zur Reparatur ein-

geschlossen werden? senden.

Q Pumpe blockiert oder v Pumpe zur Reparatur ein-

Pleuel schwergangig. senden.

HINWEIS

Auf Anfrage libersenden wir Ihnen eine Instandsetzungsanleitung, die Ubersichts-
zeichnungen, Ersatzteillisten und allgemeine Reparaturhinweise enthalt.

= Die Instandsetzungsanleitung richtet sich an ausgebildetes Fachpersonal.
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Membran- und Ventilwechsel
=» Pumpe niemals in gedffnetem Zustand betreiben. Sicherstellen, dass die
A G EFAH R Pumpe keinesfalls im gedffneten Zustand unbeabsichtigt anlaufen kann.

» Vor jedem Eingriff die Pumpe vom Netz trennen und anschliellend zwei Minu-
= ten warten, bis sich die Kondensatoren entladen haben
Dn ’ '

» Achtung: Durch den Betrieb kann die Pumpe durch gesundheitsschadliche oder
anderweitig gefahrliche Stoffe verunreinigt sein, ggf. vor Kontakt dekontaminie-
ren bzw. reinigen. Freisetzung von Schadstoffen verhindern.

iz Defekte oder beschadigte Pumpen nicht weiter betreiben.
AWARNUNG iz VorsichtsmalRnahmen treffen (z. B. Schutzkleidung und Sicherheitsbrille verwen-

den), um Einatmen und Hautkontakt bei Kontamination der Pumpe zu vermei-
den.

iz Kondensatoren muissen regelmafig geprift (Kapazitat messen, Betriebsstunden
abschatzen) und rechtzeitig ausgetauscht werden. Der Austausch der Konden-
satoren muss von einer Elektrofachkraft durchgefiihrt werden.

= Vor Beginn der Wartungsarbeiten Pumpe beliiften und von der Apparatur tren-
nen. Pumpe abklhlen lassen.

HINWEIS Eingriffe am Gerat nur durch sachkundige Personen.

Alle Lager sind gekapselt und auf Lebensdauer geschmiert. Die Pumpe lauft bei nor-
maler Belastung wartungsfrei. Die Ventile und Membranen sowie die Motorkonden-
satoren sind Verschleildteile. Spatestens wenn die erreichten Druckwerte nachlas-
sen oder bei erhdhtem Laufgerausch sollten der Schépfraum, die Membranen sowie
die Ventile gereinigt und Membranen und Ventile auf Risse untersucht werden.
Abhangig vom Einzelfall kann es sinnvoll sein, die Pumpenkdpfe in regelmaRigen
Abstanden zu Uberprifen und zu reinigen. Bei normaler Beanspruchung kann von
einer Lebensdauer von Membranen und Ventilen gréRer 10000 Betriebsstunden
ausgegangen werden.

- Eine Dauerforderung von Flussigkeiten und Staub schadigt Membrane und Ven-
tile. Kondensation in der Pumpe sowie Flissigkeitsschlage und Staub vermei-
den.

- Werden korrosive Gase und Dampfe gepumpt oder kdnnen sich Ablagerungen in
der Pumpe bilden, sollten diese Wartungsarbeiten haufiger durchgefiihrt werden
(nach Erfahrungswerten des Anwenders).

- Durch regelmaRige Wartung kann nicht nur die Lebensdauer der Pumpe, son-
dern auch der Schutz fir Personen und Umwelt erhéht werden.

Dichtungssatz flr ME 2 NT ... e 696877
Dichtungssatz flr ME 4 NT, MZ 2 NT ... 696860
Dichtungssatz fir MD 4 NT, MV 2 NT ... 696861
Dichtungssatz fir ME 8 NT ... 696862
Dichtungssatz flr MZ 2D NT ... 696863
Dichtungssatz flir ME 4S NT, MZ 28 NT ... 696868
Dichtungssatz fir ME 8S NT, MD 4S NT ... e 2x 696868
Dichtungssatz fir ME 4R NT ... 696859
Dichtungssatz fir MD 4CRL NT ... 696870
MembranschllsSel (SW B6) ........ocuuiiiiiiiiiii e 636554

1= Bitte Kapitel ”Membran- und Ventilwechsel” vor Arbeitsbeginn ganz durchlesen.
Die Abbildungen zeigen zum Teil Pumpen in anderen Varianten. Dies hat keinen Einfluss auf den
Membran- und Ventilwechsel!
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Werkzeuge:

Kreuzschlitzschraubendreher Gr. 2 (MZ 2D NT)
Gabelschliissel SW 17/20 (ME 4(R, S) NT, MZ 2(D ,S) NT,
MD 4CRL NT)

Innensechskant Grole 5

Membranschlissel SW 66

Reinigen und Uberpriifen der Pumpenképfe

ME 4R NT:
= Mit Gabelschlissel SW 17 die Verschraubung am Pum-

penkopf I6sen (ggf. mit Gabelschlissel SW 20 gegenhal-
ten) und zusammen mit dem Verbindungsschlauch abneh-
men.

ME 4R NT:
=» Die Edelstahl-Hohlschraube am Feinregulierkopf mit Ga-

belschliissel SW 17 16sen und zusammen mit dem Mano-
meter herausdrehen. Dabei mit einem Gabelschlissel SW
20 an der Schlauchverschraubung gegenhalten.

=» Feinregulierkopf mit Manometer abnehmen.

ME 4(S) NT / MZ 2(D, S) NT:
= Mit Gabelschlissel SW 17 die Verschraubung am Pum-

penkopf I6sen (ggf. mit Gabelschlissel SW 20 gegenhal-
ten) und zusammen mit dem Verbindungsschlauch abneh-
men.

MD 4CRL NT:
= Mit Gabelschlissel SW 17 die Edelstahl-Verschraubung

am Pumpenkopf [6sen (ggf. mit Gabelschlissel SW 20 ge-
genhalten) und zusammen mit dem Verbindungsschlauch
abnehmen vom Gehausedeckel abnehmen.

= Pumpe seitlich lagern, ggf geeignet abstiitzen. Immer nur eine Pumpenseite gleichzeitig warten.
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Explosionsdarstellung der Teile eines Pumpenkopfs
(Abb.: MZ 2 NT, MZ 2D NT und MD 4 NT)

MZ 2D NT

Teile des Pumpenkopfs:

6: Senkschraube

1: Gehausedeckel 7: Membrane

2: O-Ringe (nicht ME 8 NT) 8: Membranstutzscheibe

3: Ventile 9: Distanzscheibe

4: Kopfdeckel 10:Pleuel

5: Membranspannscheibe 11:Gehause

mit Vierkantverbindungsschraube 12:Verbindungsrohr mit O-Ring
\_ (MZ 2D: mit Senkschraube) (MD 4CRL NT mit Verschraubung) )
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= Zur Uberpriifung der Ventile die vier (ME 2 NT/ ME 4(R, S)
NT / MZ 2(D, S) NT) oder acht (ME 8 NT / MD 4(S, CRL)
NT / MV 2 NT) Zylinderschrauben mit Innensechskant an
den Pumpenkoépfen 16sen und Gehausedeckel mit Kopf-
deckel, Ventilen und ggf. O-Ringen abnehmen.

= Teile niemals mit spitzem oder scharfkantigem Werkzeug
(Schraubendreher) l6sen, stattdessen Gummihammer
oder Pressluft vorsichtig verwenden.

= Kopfdeckel vorsichtig vom Gehausedeckel abnehmen. Auf
die Lage der Ventile achten und diese herausnehmen.

= Bei Beschadigung Ventile und O-Ringe erneuern.

ww Eventuell vorhandene Verschmutzungen an den betref-
fenden Teilen mit Reinigungsmittel entfernen.

i ME 8 NT/MD 4 NT/ MV 2 NT: Zwischen den beiden Gehausedeckeln befindet unter der Pumpe ein
Verbindungsrohr, welches lediglich gesteckt ist und durch Dichtringe an den Rohrenden abgedichtet
wird. Beim Entfernen des Gehausedeckels 16st sich ggf. auch das Verbindungsrohr.

Austausch der Membrane

Austausch der Membrane bei Pumpe MZ 2D NT:

iz Membrane auf Beschadigung kontrollieren und ggf. erneuern.

= Die Senkschraube mit Kreuzschlitzschraubendreher im Zentrum der Membranspannscheibe 16-
sen.

iz Achtung: Die Befestigungsschraube ist mit Klebstoff gegen Lockern gesichert. Schraube von
Klebstoffresten reinigen oder neue verwenden (Best.-Nr.: 639847).

iz L 3sst sich die alte Membrane schwer von der Membranstitzscheibe trennen, in Benzin oder Pe-
troleum I6sen.

=» Auf eventuell vorhandene Distanzscheiben zwischen Membranstiitzscheibe und Pleuel achten.
Die Distanzscheiben je Zylinder getrennt halten, gleiche Anzahl wieder einbauen.

== Zu wenig Distanzscheiben: Pumpe erreicht Endvakuum nicht; zu viele Distanzscheiben: Pumpe
schlagt an, Gerausch.

= Achtung: Doppelmembrane bestehend aus zwei Einzel-
membranen! Membranen mit den bedruckten Seiten nach
aufldien zusammenlegen.

= Einen Tropfen Klebstoff (OmniFit® 50M oder Loctite® 243)
unter den Kopf und auf das Gewinde der Senkschrau-
be geben und anschlieRend Spannscheibe, Membrane,
Stutzscheibe und ggf. Distanzscheiben mit dem Pleuel
verschrauben.

OmniFit® und Loctite® sind eingetragene Warenzeichen von Henkel Technologies
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Austausch der Membrane bei Pumpen ME 2 NT, ME 4(R, S) NT, MZ 2(S) NT, ME
8(S) NT, MD 4(S, CRL) NT, MV 2 NT:

= Membrane auf Beschadigung kontrollieren und ggf. erneu-
ern.

= Membrane vorsichtig seitlich anheben.

w Kein spitzes oder scharfkantiges Werkzeug verwenden
um die Membrane anzuheben.

=» Mit dem Membranschllssel unter die Membrane zur Stitz-
scheibe durchgreifen.

=» Die Membranstitzscheibe mit dem Membranschlissel 16-
sen und zusammen mit der Membrane und der Membran-
spannscheibe abschrauben.

| asst sich die alte Membrane schwer von der Membran-
stlitzscheibe trennen, in Benzin oder Petroleum l6sen.

= Auf eventuell vorhandene Distanzscheiben zwischen
Membranstitzscheibe und Pleuel achten. Die Distanz-
scheiben je Zylinder getrennt halten, gleiche Anzahl wie-
der einbauen.

= Zu wenig Distanzscheiben: Pumpe erreicht Endvakuum
nicht; zu viele Distanzscheiben: Pumpe schlagt an, Ge-
rausch.

=» Neue Membrane zwischen Membranspannscheibe mit
Vierkantverbindungsschraube und Membranstitzscheibe
einlegen.

= Achtung: Doppelmembrane. Membranen mit den be-
druckten Seiten nach aul’en zusammenlegen (nicht ME
4S NT/MZ 2S NT/ME 8S NT/ME 4R NT/MD 4S NT /
MD 4CRL NT).

= Achtung: Membrane mit der hellen Seite in Richtung der
Membranspannscheibe einlegen (nur ME 4S NT / MZ 2S
NT /ME 8S NT/ME 4R NT /MD 4S NT / MD 4CRL NT).

ww Auf korrekte Position der Vierkantverbindungsschraube
der Membranspannscheibe in der Fihrung der Membran-
stutzscheibe achten.

= Membrane seitlich anheben und vorsichtig mit Membran-
spannscheibe und Membranstitzscheibe in den Mem-
branschlissel einstecken.

= Beschadigung der Membrane vermeiden, Membrane nicht
zu stark knicken.

ww Auf eventuell vorhandene Distanzscheiben achten, nicht
entfernen, gleiche Anzahl wieder zwischen Stitzscheibe
und Pleuel einbauen.

= Membranspannscheibe, Membrane, Membranstitzschei-
be und ggf. Distanzscheiben mit dem Pleuel verschrau-
ben.

ww Optimales Drehmoment flir die Membranstitzscheibe:
6 Nm, ggf. Drehmomentschlissel verwenden. Drehmo-
mentschlissel auf Membranschlissel aufstecken (Sechs-
kant GroRe 6).
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Montage der Pumpenkopfe

= Membranen in eine Position bringen, in der sie zentrisch
und plan in der Auflageflache der Gehauseodffnung liegen.

= ME 8 NT, MD 4 NT, MV 2 NT: Bei der Montage des Ge-
hausedeckels das Verbindungsrohr (1) unter der Pumpe
zwischen den beiden Gehausedeckeln einbauen. Auf eine
korrekte Position der Dichtringe (bei Beschadigung erset-
zen) in den Nuten des Rohres achten. Verbindungsrohr in
die Bohrung am Gehausedeckel einstecken. Das Verbin-
dungsrohr kann nach der Montage Spiel aufweisen.

Montage in umgekehrter Reihenfolge wie Demontage.

= Kopfdeckel, Ventile, O-Ringe (nicht ME 8 NT) und Gehau-
sedeckel montieren.

ww Darauf achten, dass die Membrane mittig liegt, so dass
sie gleichmaRig zwischen Gehause und Kopfdeckel ein-
geklemmt wird.

= Kopfdeckel aufsetzen.

= Qrientierung des Kopfdeckels: Die Nase am Kopfdeckel
auf die Kerbe im Gehausedeckel hin ausrichten.

= \/entile in die Ventilsitze einlegen, ggf. O-Ringe einlegen.

= Dabei auf die korrekte Lage der Ventile achten: Auslass-
seite: runde zentrische Offnung unter Ventil; Einlassseite:
nierenférmige Offnung (2) im Kopfdeckel neben Ventil.

= Nur MZ 2D NT: Einlegen der weillen PTFE-Ventile: Aus-
lassseite 1. Stufe und Einlassseite 2. Stufe (siehe Abbil-
dung).

= Gehdusedeckel aufsetzen.

= Lasst sich der Gehausedeckel nicht aufsetzen, die Aus-
richtung des Kopfdeckels korrigieren, sodass die Nase am
Kopfdeckel in die Kerbe des Gehausedeckels einrastet.

= ME 8 NT, MD 4 NT, MV 2 NT: Das Verbindungsrohr (1)
unter der Pumpe zwischen den beiden Gehausedeckeln
einbauen.

=» Die Zylinderschrauben mit Innensechskant diagonal ver-
setzt zuerst leicht anziehen, dann festziehen.

= Nicht auf Anschlag festziehen, Drehmoment: 12 Nm.
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Montage des Verbindungsschlauchs (ME 4(R, S) NT, MZ 2(D, S) NT, MD 4CRL NT)

ME 4R NT:

= Feinregulierkopf mit Ventilblock und Hohlschraube auf-
schrauben.

= Ventilblock vor dem Anziehen der Hohlschraube ausrich-
ten.

= Hohlschraube mit Gabelschlissel SW 17 anziehen, dabei
mit einem Gabelschliissel SW 20 an der Schlauchver-
schraubung gegenhalten.

= Mit Gabelschliissel Verschraubungen mit Verbindungs-
schlauch in die Pumpenkdpfe einschrauben. Ggf. mit Ga-
belschlissel SW 20 gegenhalten.

ME 4(S) NT, MZ 2(D, S) NT

MD 4CRL NT

= Achtung: Nach jedem Offnen der Pumpe unbedingt Leck-
prufung mit einem geeigneten Lecksuchgerat (z. B. Heli-
um-Lecksucher) durchflhren! Spezifizierte Leckrate (inte-
gral) siehe "Technische Daten”.

= Die Membranpumpe auf die andere Pumpenseite legen, ggf. die Pumpe geeignet abstiitzen, und die
Wartung der restlichen Pumpenk&pfe analog zu obiger Beschreibung durchfihren.

Endvakuum uberprifen

= Nach Eingriffen am Gerat (z.B. Instandsetzung / Wartung) muss das Endvakuum der Pumpe iiber-
pruft werden. Nur bei Erreichen des spezifizierten Endvakuums der Pumpe wird eine niedrige Leck-
rate des Gerats und somit die Vermeidung explosionsfahiger Gemische im Innenraum der Pumpe
sichergestellt.

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Erreicht die Pumpe nach der Wartung nicht das angegebene Endvakuum:

- Die Pumpe erreicht den angegebenen Wert des Endvakuums nach Membran- oder Ventilwechsel
erst nach einem Einlauf von mehreren Stunden.

- Im Falle ungewohlicher Gerauschentwicklung Pumpe sofort abschalten und Lage der Spannschei-
ben Uberprifen.

Liegen die Werte nach dem Membran- und Ventilwechsel weit von den spezifizierten Werten entfernt
und ergibt sich durch das Einlaufen keine Anderung:

Zuerst Befestigungen der Verbindungsschlauche an den Pumpenkdpfen Uberprufen. Anschlielend ggf.
die Ventilsitze und die Schoépfraume erneut Uberprifen.

Austausch der Gerétesicherung

A GEFAHR = Pumpe ausschalten.

» Vor dem Offnen des Klemmkastens Netzstecker ziehen. AnschlieRend 2 Minuten
warten, bis sich die Kondensatoren entladen haben.

i Der Austausch der Geratesicherungen muss durch eine Elektrofachkraft erfol-
gen. Nach erfolgtem Sicherungsaustausch die elektrische Sicherheit der Pumpe
Uberprifen! Ursache des Fehlerfalls vor der erneuten Inbetriebnahme ermitteln
und beseitigen.

Die Schmelzsicherungen (6.3A trage) sind in Kabel (1, blau
und schwarz) im Klemmkasten integriert. Zum Austausch der
Sicherungen die kompletten Kabel austauschen (befestigt mit
Flachsteckhilsen (2)).

= Zum Austausch der Sicherung den Klemmkastendeckel
offnen (Torx-Schraubendreher TX20) und das Kabel mit
der defekten Sicherung abziehen (Flachsteckhilsen (2),
siehe Abbildung). Neues Kabel aufstecken und Klemm-
kastendeckel festschrauben.

Bestellnummer Sicherungssatz NT....................... 636542

Unbedingt beachten: Sicherheit der Pumpe nach dem Austausch der Siche-
rung liberpriifen, insbesondere unbedingt beachten:

Die Priifung der elektrischen Sicherheit (Schutzleiterwiderstand, Isolations-
widerstand und Hochspannungspriifung) muss gemaR IEC 61010 und natio-
naler Vorschriften erfolgen.

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Hinweise zur Einsendung ins Werk

Reparatur - Riickgabe - DAkkS-Kalibrierung

H I NWEIS Die Verantwortung fir die Sicherheit und die Gesundheit unserer Mitarbeiter sowie ge-
setzliche Vorschriften machen es zwingend erforderlich, dass das Formblatt “Unbe-

denklichkeitsbescheinigung“ fur alle Produkte, die an uns zurtickgesandt werden,

von dazu autorisiertem Fachpersonal vollstandig ausgefullt und unterschrieben wird.

Eine Kopie sollte per Telefax oder Brief vorab an uns gesandt werden, damit die

Information vor dem Eintreffen des Produkts vorliegt. Das Original muss den Fracht-

papieren beigefligt werden.

Ohne Vorliegen der volistindig ausgefiillten Unbedenklichkeitsbescheinigung

ist eine Annahme der Sendung und Reparatur / DAkkS-Kalibrierung nicht mog-

lich, die Sendung wird ggf. zuriickgewiesen.

AVORSICHT Bei Kontakt mit Chemikalien, radioaktiven, gesundheits- und umweltgefahrdenden

Stoffen muss das Produkt vor der Einsendung ins Werk dekontaminiert werden:

- Schicken Sie uns das Produkt zerlegt und gereinigt zusammen mit einer De-
kontaminationsbescheinigung zu.

- Falls Sie diese Dekontamination nicht selbst durchfihren kénnen, wenden Sie
sich bitte an einen Industrieservice (Anschriften teilen wir Ihnen gern auf Anfrage
mit).

- Oder Sie ermachtigen uns zu lhren Lasten das Produkt einer Industriereinigung
zu schicken.

Um das Produkt zligig und wirtschaftlich reparieren zu kénnen, bendétigen wir ferner

eine genaue Beschreibung der Beanstandung und der Einsatzbedingungen.

Kostenvoranschlage werden nur auf ausdriicklichen Wunsch und nur gegen Be-

rechnung erstellt. Bei Reparaturauftragserteilung oder Erwerb eines neuen Produkts

anstatt der Reparatur, werden die angefallenen Kosten nicht berechnet, bzw. be-
rechnete Kosten gutgeschrieben.

- Sollten Sie aufgrund des Kostenvoranschlags keine Reparatur wiinschen,
senden wir das Produkt ggf. demontiert und unfrei zuriick!

Um eine Reparatur durchfiihren zu kdnnen, ist in vielen Fallen eine Reinigung der
Komponenten im Werk erforderlich. Diese Reinigung flihren wir umweltschonend
auf wassriger Basis durch. Dabei kann es durch Waschmittel, Ultraschall und me-
chanische Beanspruchung zu einer Beschadigung des Lacks kommen. Bitte geben
Sie im Formblatt der Unbedenklichkeitsbescheinigung an, ob Sie in diesem Fall eine
Nachlackierung zu lhren Lasten wiinschen. Darliberhinaus tauschen wir auf Ihren
Wunsch auch optisch nicht mehr ansprechende Teile aus.

H I NWEIS Beim Yt.e_rsal?.d der Produkte ist zu beachten: ) _ o
- Bei olbeflillten Vakuumpumpen: Pumpendl ablassen, ausreichend Frischdl als
Korrosionsschutz fur Transport einfillen. Achtung: Altélentsorgung beachten!

- Produkt (auBen und innen!) dekontaminieren und reinigen.

- Alle Offnungen luftdicht verschlieBen.

- Produkt sicher verpacken, ggf. Originalverpackung anfordern (nur gegen Berech-
nung), und vollstandig kennzeichnen, insbesondere Unbedenklichkeitsbeschei-
nigung beifligen.

- Der Spediteur wurde (wenn vorgeschrieben) tiber die Gefahrlichkeit der Sendung
informiert.

Verschrottung und Entsorgung:

Das gesteigerte Umweltbewusstsein und die verscharften Vorschriften machen eine

geordnete Verschrottung und Entsorgung eines nicht mehr gebrauchs- und repara-

turfahigen Produkts zwingend erforderlich.

- Sie kénnen uns ermachtigen, zu lhren Lasten das Produkt geordnet zu entsor-
gen. Andernfalls missen wir das Produkt zu lhren Lasten zurlickschicken.

Wir sind sicher, dass Sie flr diese MalRnahmen, deren Anforderung und Aufwand
aulerhalb unserer Einflussmdglichkeiten liegen, Verstandnis haben.

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Unbedenklichkeitsbescheinigung

Arbeiten am eingesandten Gerat werden erst begonnen, wenn diese Erkldrung vollstiandig aus-
A gefiillt vorliegt!

Bitte "Hinweise zur Einsendung ins Werk” lesen und beachten.

Bei dlgefiillten Pumpen muss das Ol vor dem Versand abgelassen werden!
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4. Das Gerat wurde in einem Kupfer-Prozessschritt (z. B. Halbleiterfertigung) eingesetzt.
Oja O nein

5. Substanzen (Gase, Flissigkeiten, Feststoffe) mit denen das Gerat in Kontakt kam / die gepumpt wurden:

6. Das Gerat wurde vor der Einsendung ins Werk dekontaminiert. Oja O nein
Beschreibung der Dekontaminationsmethode und des Test-/Nachweisverfahrens:

7. Das Gerat ist frei von gefahrlichen, gesundheitsgefahrdenden Stoffen. Oja O nein

8. Erforderliche SchutzmalRnahmen fiir VACUUBRAND-Mitarbeiter:

9. Wir wiinschen bei Lackschaden eine Nachlackierung bzw. bei optisch nicht mehr ansprechenden Teilen
einen Austausch (Lackierung und Austausch gegen Berechnung). Oja O nein

10.Rechtsverbindliche Erklarung
Wir versichern, dass alle Substanzen, die mit dem oben bezeichneten Gerat in Kontakt kamen unter
Abschnitt 5 aufgelistet sind und alle Angaben wahrheitsgeman und vollstandig sind. Wir erklaren, dass
alle anwendbaren Malinahmen, die unter "Hinweise zur Einsendung ins Werk” genannt sind, getroffen
wurden.
Wir versichern, dass wir gegentiber VACUUBRAND fiir jeden Schaden, der durch unvollstandige oder
unrichtige Angaben entsteht, haften und VACUUBRAND gegeniber eventuell entstehenden Schadens-
ansprichen Dritter freistellen. Es ist uns bekannt, dass wir gegentber Dritten, hier insbesondere mit der
Handhabung/Reparatur des Gerats betrauten Mitarbeitern der VACUUBRAND, gemaf § 823 BGB direkt
haften.
Der Versand des Gerats erfolgt nach den gesetzlichen Bestimmungen.

NAME: oo Unterschrift: ......oooo
POSItION: oo Firmenstempel:
Datum: ..o
Reparaturfreigabe durch VACUUBRAND (Datum / Kurzzeichen): ...
VACUUBRAND GMBH + CO KG Tel.: +49 9342 808-5660
Alfred-Zippe-Strale 4 Fax: +49 9342 808-5666
97877 Wertheim, Germany E-Mail: service@vacuubrand.com

www.vacuubrand.com
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C€

EG-Konformitatserklarung fur Maschinen
EC Declaration of Conformity of the Machinery
Déclaration CE de conformité des machines

Hersteller / Manufacturer / Fabricant:
VACUUBRAND GMBH + CO KG - Alfred-Zippe-Str. 4 - 97877 Wertheim - Germany

Hiermit erklart der Hersteller, dass die Maschine konform ist mit den Bestimmungen der Richtlinie
2006/42/EG. Hereby the manufacturer declares that the machinery is in conformity with the directive
2006/42/EC.

Par la présente, le fabricant déclare, que la machine est conforme a directive 2006/42/CE.

Membranvakuumpumpe / Diaphragm vacuum pump / Pompe a membrane:

Typ/ Type / Type: ME 2 NT/ME 4 NT/ME 4S NT/MZ 2 NT/MZ 2D NT/MZ 2S NT/ME 8 NT/
ME 8S NT/MD 4 NT/MD 4S NT/MD 4CRLNT/MV 2 NT

Artikelnummer / Order number / Numéro d‘article: 730000, 730002 / 731000, 731001, 731002,
731005/ 2613951 / 732000, 732001, 732002 / 732200, 732201, 732202, 732205 / 732100, 732105 /
734000, 734001, 734002 / 734100, 2614870 / 736000, 736001, 736002, 736005, 2614371 / 736105 /
736445 [ 738000, 738001, 738002, 2614251

Seriennummer / Serial number / Numéro de série: Siehe Typenschild / See rating plate / Voir plaque
signalétique

Die Maschine ist konform mit weiteren Richtlinien / The machinery is in conformity with other directives
/ La machine est conforme a d’autres directives:
2006/95/EG, 2004/108/EG, 94/9/EG

Angewandte harmonisierte Normen / Harmonized standards applied / Normes harmonisées utilisées:
DIN EN 12100, DIN EN 61010-1, DIN EN 1012-2, DIN EN 61326-1, DIN EN 1127-1, EN 13463-1

Bevollmachtigter fur die Zusammenstellung der technischen Unterlagen / Person authorised to compile
the technical file / Personne autorisée a constituer le dossier technique:
Dr. J. Dirscherl - VACUUBRAND GMBH + CO KG - Alfred-Zippe-Str. 4 - 97877 Wertheim - Germany

Wertheim, 25.05.2012

(Dr. F. Gitmans) (Dr. J. Dirscherl)
Geschaftsfihrer / Managing director / Gérant Technischer Leiter / Technical Director / Directeur technique

VACUUBRAND GMBH + CO KG
Alfred-Zippe-Str. 4 - 97877 Wertheim

T +49 9342 808-0 - F +49 9342 808-5555
info@vacuubrand.com
www.vacuubrand.com

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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C€

EG-Konformitatserklarung fur Maschinen
EC Declaration of Conformity of the Machinery
Déclaration CE de conformité des machines

Hersteller / Manufacturer / Fabricant:
VACUUBRAND GMBH + CO KG - Alfred-Zippe-Str. 4 - 97877 Wertheim - Germany

Hiermit erklart der Hersteller, dass die Maschine konform ist mit den Bestimmungen der Richtlinie
2006/42/EG. Hereby the manufacturer declares that the machinery is in conformity with the directive
2006/42/EC.

Par la présente, le fabricant déclare, que la machine est conforme a directive 2006/42/CE.

Membranvakuumpumpe / Diaphragm vacuum pump / Pompe a membrane:

Typ / Type / Type: ME 4R NT / ME 4S NT

Artikelnummer / Order number / Numéro d’article: 731100, 731102 / 2614593

Seriennummer / Serial number / Numéro de série: Siehe Typenschild / See rating plate / Voir plaque
signalétique

Die Maschine ist konform mit weiteren Richtlinien / The machinery is in conformity with other directives
/ La machine est conforme a d’autres directives:
2006/95/EG, 2004/108/EG

Angewandte harmonisierte Normen / Harmonized standards applied / Normes harmonisées utilisées:
DIN EN 12100, DIN EN 61010-1, DIN EN 1012-2, DIN EN 61326-1

Bevollmachtigter fur die Zusammenstellung der technischen Unterlagen / Person authorised to compile
the technical file / Personne autorisée a constituer le dossier technique:
Dr. J. Dirscherl - VACUUBRAND GMBH + CO KG - Alfred-Zippe-Str. 4 - 97877 Wertheim - Germany

Wertheim, 25.05.2012

(Dr. F. Gitmans) (Dr. J. Dirscherl)
Geschaftsfihrer / Managing director / Gérant Technischer Leiter / Technical Director / Directeur technique

VACUUBRAND GMBH + CO KG
Alfred-Zippe-Str. 4 - 97877 Wertheim

T +49 9342 808-0 - F +49 9342 808-5555
info@vacuubrand.com
www.vacuubrand.com

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Certificate TUVRheinland

Certificate no. San
CU 72081689 01

License Holder: Manufacturing Plant:

VACUUBRAND GMBH + Co. KG VACUUBRAND GMBH + Co. KG
Alfred-Zippe-Str. 4 Alfred-Zippe-Str. 4

97877 Wertheim 97877 Wertheim

Germany Germany

Test report no.: USA-DS 30882017 001 Client Reference: M. von Przychowski
Tested to: UL 61010A-1:2002 R12.02

CAN/CSA-C22.2 No. 1010.1-92+A2:97

Certified Product: Diaphragm Vacuum Pump for Laboratory Use License Fee - Units
Model Designation: Mw xyyy NT yy z, PC 101 NT, PC 201 NT .
(w=E,Z,D,V; x=2,4,6,8; y=A-Z, blank;

z=+AK, +EK, +2AK, +AK+EK, +AK+EK TE, +AK+EK Peltronik,
+AK SYNCHRO+EK, +AK+M+D, +IK+EK, blank)

Rated Voltage: ) AC 100V, 50/60Hz; 2) AC 120V, 60Hz
) AC 230V, 50/60Hz;
) AC 100-115V, 50/60Hz; AC 120V, 60Hz
) AC 100-115/200-230V, 50/60Hz;AC 120V, 60Hz
Rated Curxrent: 1) 5A; 2) 4A; 3) 3A4; 4), 4S8R

5) SR 6) 3.4A4; 7) 5.7/3.0A, 5.7A; 8) 3.4/1.8A, 3.4A
Protection Class: I

7

Appendix: 1, 1-2

Licensed Test mark: Signature Date of Issue
(day/mo/yr)
08/09/2008

Mo

Dipl.-Ing. M. Glagla
QA Certification Officer

TUV-Rheinland-ofNorth-Ametoatro—t2 Road CT-06470 ToH-203}-426-0888 Fax-(202)426-4009-

Dieses Zertifikat ist nur giiltig fiir Pumpen mit entsprechender Kennzeichnung (Licensed Test
mark) auf dem Pumpentypenschild.

Das Dokument darf nur vollstdndig und unveréndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Wir wollen unsere Kunden durch unsere technischen Schriften informieren und beraten. Die Ubertrag-
barkeit von allgemeinen Erfahrungen und Ergebnissen unter Testbedingungen auf den konkreten An-
wendungsfall hangt jedoch von vielfaltigen Faktoren ab, die sich unserem Einfluss entziehen. Wir bitten
deshalb um Verstandnis, dass aus unserer Beratung keine Anspriiche abgeleitet werden kénnen. Die
Ubertragbarkeit ist daher im Einzelfall vom Anwender selbst sehr sorgfaltig zu Uberpriifen.

VACUUBRAND GMBH + CO KG Alfred-Zippe-Str. 4 - 97877 Wertheim / Germany brand
-Vakuumtechnik im System- T +49 9342 808-0 - F +49 9342 808-5555 vacuuoran
©2012 VACUUBRAND GMBH + CO KG Printed in Germany info@vacuubrand.com - www.vacuubrand.com

Das Dokument darf nur vollstdndig und unverdndert verwendet und weitergegeben werden. Es liegt in der Verantwortung des
Anwenders, die Gliltigkeit dieses Dokumentes beziiglich seines Produktes sicher zu stellen. BA-Nr.: 999155 / 25/05/2012
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Perma Pure
Nafion®-Messgastrockner der MD-Serie

Gasfluss bis 2 |/ min Korrosionsfest

Betriebstemperatur bis max. 150°C Tiefe Taupunkte bis - 35°C
Drucke bis 7 bar (abs.) Kein Verlust an Messkompo  nente
Starre oder flexible Gehéuse Keine beweglichen Tei le

Die Nafion® Trockner der MD Serie bestehen aus einem Nafion®-Rohr in einem rohrférmigen
Gehause. Das Messgas wird durch das Innere des Nafion®-Rohrs geleitet, das Spiilgas strémt im
Gegenstrom dazu um die AuRenseiten des Nafion®-Rohrs.

Die Trockner der MD Serie sind mit verschiedenen Gehausematerialien, in verschiedenen

Langen und mit verschieden Durchmessern der Nafion®-Rohre erhaltlich. Sie sind fiir die Trocknung
von Gasflissen bis zu 2 I/min ausgelegt und haben ein geringes Totvolumen.

Folgende Durchmesser sind erhéltlich:

Bestell — Code MD-50 MD-70 MD-110
AD des Nafion ®-Rohrs 1,3 mm 1,8 mm 2,8 mm

Die Gehéause werden in folgenden Werkstoffen ausgefiihrt:

Bestell - Code Gehéause (Rohr) Anschlisse
P Polypropylen Polypropylen
F PTFE PVDF
S Edelstahl (SS316) Edelstahl (SS316)

Die Trockner in Kunststoffgehdusen kdnnen aufgerollt (Durchmesser ca. 20 cm) montiert werden.
Trockner in Edelstahlgeh&usen kénnen auf Wunsch auch in Form einer Wendel geliefert werden.

ansyco analytische Systeme und Componenten GmbH - Ostring 4 - 76131 Karlsruhe
Telefon 0721 /626560 - Telefax 0721 /621332 - E-Mail info@ansyco.de - http://www.ansyco.de





PermaPure Messgastrockner (MD-Serie)
Seite 2

analytische Systeme und
Componenten GmbH

Als Standardlangen werden angeboten:

Bestell - Code 12 24 48 72 96 144
Lange in cm 30,5 61 122 183 234 366
Lange D (ca.) cm 36 67 128 189 250 371
Lange E (ca.) cm 25,4 56 117 178 234 361

Anschlu3verschraubungen: fir Typ MD 50 Klemmringverschraubt
AnschluR3verschraubungen:fiir Typ MD 70 Klemmringverschraubu
AnschluRverschraubungen:fir Typ MD 110 Klemmringverschraub

Auswahl eines Trockners

Die Auswahl eines geeigneten Trockners wird wesentlich durch den geforderten Messgasfluss,
den Eingangstaupunkt und den gewtlinschten Ausgangstaupunkt bestimmit.

Diese GréfRen bestimmen, welcher Rohrdurchmesser und welche Trocknerlange gewahlt werden
muss. Die Temperatur, die Korrosivitat und Wandungseffekte bestimmen den Geh&usewerkstoff.

Trockenkurven bei einem Eingangstaupunkt von 20°C

D—-050 D-070 MD—110
/w: ; Hk:
v oo - ‘ -
. s o-cro- . » e
L oo w4
[§) /] ] — T A
S 0 0 7/ / MMMMM 5
oty ]
§ = : e e
[
=y = —
(“ 40 10 -0
== / / /
0 15 s
/
w0 ,m .
-25 -25
o 2 w0 o0 @ m 0 w0 60 e 200 0 T 2 3 . 0 1 2 3 .
GasfluR ml / min Gasflu3 | / min Gasflu3 | / min

Druckverlustgleichung
AP/(mbar) = Gasfluss/(I/min) O Trocknerlange/inch [0 Typfaktor

Typfaktoren: 0,174 fur MD-110, 0,349 fur MD-070 und 2,49 fur MD-050

Perma Pure® und PD® sind eingetragene Warenzeichen der Firma Perma Pure Inc.
Teflon® and Nafion® sind eingetragene Warenzeichen der Firma E.l. DuPont

Anderung vorbehalten 05/08 D 9C

ansyco analytische Systeme und Componenten GmbH - Ostring 4 - 76131 Karlsruhe
Telefon 0721 /626560 - Telefax 0721 /621332 - E-Mail info@ansyco.de - http://www.ansyco.de






Hochspannungskassetten EURO-Format
Serie HCE von 125 V bis 35 kV/ 7 W bis 350 W

Ausfithrungsbeispiele

HCE 7 - 12500
12,5kV / 0,5mA
positiv

Merkmale:
® kleines Einbauvolumen
® geringes Gewicht

® bei Geraten ab 6,5kV Nenn-
spannung sind die Hochspan-
nung fuhrenden Teile in
(wieder entfernbares) Silicon-
harz eingebettet.

® kurzschluB3- und Uberschlags-
fest

® bei Kurzschlul3 unbegrenzt
mit Nennstrom zu betreiben

® unbegrenzt mit Vollast zu
betreiben

® Spannungs- oder Stromrege-
lung mit automatischem Uber-
gang

® Regelzustandsanzeige mit
LEDs

® Spannungs- und Stromein-
stellung an Mehrgangpotenti-
ometern mit Schraubendreher
an der Frontplatte mdglich

® analoge Programmierung mit
Sollwerteingéangen, HV- EIN/
AUS - Eingang und Monitor-
Ausgéangen serienmafig

e MeRbuchsen fir Spannungs-
und Strommonitore an der
Frontplatte

o flir kapazitive Lasten geeignet

e flir Photomultiplier geeignet

Option:
e Zehngang- Spannungspo-
tentiometer an der Frontplatte

HCE 35 - 35000
35kV/ 1mA
negativ

Funktion:

Von der Wirkungsweise her
handelt es sich um priméargetak-
tete Schaltnetzteile mit Pulswei-
tenmodulation. Die gleichgerich-
tete Netzspannung wird in
Rechteck-Pulse konstanter
Frequenz zerhackt, transfor-
miert, gleichgerichtet und ge-
glattet. Zur Regelung wird die
Rechteckspannung breitenmo-
duliert.

Mechanische Ausfilhrung:

® EURO-Kassette, Breite und
Hohe typabhéngig.

e 19"-Uberrahmen und Tischge-
héuse als Zubehor erhaltlich.

Ausgang:

® Ausgangsisolation:
Die Polaritat ist positiv oder
negativ und mul® bei der Be-
stellung angegeben werden.
Der "OV" - Anschlu des
Ausgangs ist intern fest mit
Erde verbunden. Diese Ver-
bindung kann aber bei Bedarf
aufgetrennt werden. In die-
sem Fall kann der erdnahe
"OV" Anschlufy bis zu +125V
gegenuber Erde hochgelegt
werden.

HCE 7 - 3500
3,5kV / 2mA
positiv (2 Stuick)

HCE 350 - 2000
2kV / 150mA
positiv

DC POWER SUPPLY ﬁz@
@

@

e Ausgangsbuchsen:
Der Ausgang befindet sich an
der Rickseite der Gerate.
Bei Geraten bis 650V Nenn-
spannung ist der Ausgang an
der Rickseite auf 4mm -
Sicherheitsbuchsen heraus-
gefuhrt.
Ab 1250V Nennspannung
sind Hochspannungsbuchsen
vorhanden. Passende Gegen-
stecker werden mitgeliefert.

Stromregelung:

<10ms fir Lastanderungen,
die eine Anderung der Aus-
gangsspannung um weniger
als 10% der Nennspannung
bewirken.

Einstellzeit bei Nennlast:
<200ms fiir Anderungen der
Ausgangsspannung von
10% bis 90% bzw. von 90%
bis 10%
Entladezeitkonstante bei un-
belastetem Ausgang:

Ca. 0,5sec. bis b5sec., je
nach Typ

Technische Daten:
e Netzanschluf:
230V +10% 47Hz bis 63Hz
e Umgebungstemperatur:
0°C bis +40°C

Die folgenden Daten gelten,
wenn nicht anders vermerkt, fiir
Strom- und Spannungsregelung
und sind jeweils auf den Maxi-
malwert bezogen:

(Fur Erlauterungen siehe Defini-
tionen und Begriffe ab Seite
54.)

® Regelabweichung:
bei +10% Netzspannungs-
e Einstellbereich: anderung:
von ca. 0,1% bis 100% <+1x10°
e Einstellauflésung: bei Leerlauf / Vollast:
+1x10* <2x10*

Uber 8 Stunden unter kon-
stanten Bedingungen:
<+1x10-4

bei Temperaturanderungen:
<+1,5x10-4 /K

o Restwelligkeit (0 - 10MHz):
<1 x 10™ss + 50 mVss,
typ. 5 x 10°ss

® Regelzeit:
Spannungsregelung:

<1ms bei Lastanderung von Spannungs- und Stromeinstel-

10% auf 100% oder von lung mit Schraubendreher

100% auf 10%. oder Uber analoge Program-
mierung.
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Hochspannungskassetten EURO-Format

Serie HCE von 125 V bis 35 kV / 7 W bis 350 W

HCE
HCE
HCE
HCE

HCE
HCE
HCE
HCE

HCE
HCE
HCE
HCE

HCE
HCE
HCE
HCE

HCE
HCE
HCE
HCE

HCE
HCE
HCE
HCE

Typ

7 -
35 -
140 -
350 -

7 -
35 -
140 -
350 -

7 -
35 -
140 -
350 -

7 -
35 -
140 -
350 -

7 -
35 -
140 -
350 -

7 -
35 -
140 -
350 -

125
125
125
125

200
200
200
200

350
350
350
350

650
650
650
650

1250
1250
1250
1250

2000
2000
2000
2000

Riickseite mit Netzanschluss,
Hochspannungsausgang und
serienmaRiger Analogpro-
grammierung

Spannung Strom
125 V 0 - 50 mA
125 V 0- 250 mA
125 V 0 - 1A

125 V 0 - 2,5 A

200 V 0 - 30 mA
200 V 0- 150 mA
200 V 0- 600 mA
200 V 0 - 1,5 A

350 V 0 - 20 mA
350 V 0- 100 mA
350 V 0- 400 mA

350 V 0 - 1A
650 V 0 - 10 mA
650 V 0 - 50 mA

650 V 0- 200 mA
650 V 0- 500 mA

1250 V 0 - 5 mA
1250 V 0 - 25 mA
1250 V 0- 100 mA
1250 V 0- 250 mA

2000 V 0 - 3 mA
2000 V 0 - 15 mA
2000 V 0 - 60 mA

2000 V 0- 150 mA

® kurzfristig lieferbar (Baugruppen lagernd)

Breite

14TE/ 71
21 TE/ 107
21 TE/ 107
21 TE/ 107

14TE/ T1
21 TE/ 107
21 TE/ 107
21 TE/ 107

14TE/ 71
21 TE/ 107
21 TE/ 107
21 TE/ 107

14TE/ T1
21 TE/ 107
21 TE /107
21 TE/ 107

14TE/ T1
21 TE /107
21 TE/ 107
21 TE /107

14TE/ T1
21 TE/ 107
21 TE/ 107
21 TE/ 107

mm
mm
mm
mm

mm
mm
mm
mm

mm
mm
mm
mm

mm
mm
mm
mm

mm
mm
mm
mm

mm
mm
mm
mm

Héhe

3 HE/ 133
3 HE /133
6 HE / 262
6 HE / 262

3HE/ 133
3 HE/ 133
6 HE / 262
6 HE / 262

3HE/ 133
3HE /133
6 HE / 262
6 HE / 262

3 HE /133
3HE/ 133
6 HE / 262
6 HE / 262

3 HE /133
3 HE /133
6 HE / 262
6 HE / 262

3HE /133
3 HE /133
6 HE / 262
6 HE / 262

mm
mm
mm
mm

mm
mm
mm
mm

mm
mm
mm
mm

mm
mm
mm
mm

mm
mm
mm
mm

mm
mm
mm
mm

Optional kann die

| Frontplatte mit

einem Zehngang-
potentiometer zur
Spannungseinstel-
lung ausgertustet
werden.

Tiefe Gewicht
170 mm 1,2 kg
170 mm 1,5 kg
230 mm 3,0 kg
230 mm 4,0 kg
170 mm 1,2 kg
170 mm 1,5 kg
230 mm 3,0 kg
230 mm 4,0 kg
170 mm 1,2 kg
170 mm 1,5 kg
230 mm 3,0 kg
230 mm 4,0 kg
170 mm 1,2 kg
170 mm 1,5 kg
230 mm 3,0 kg
230 mm 4,0 kg
170 mm 1,2 kg
170 mm 1,5 kg
230 mm 3,0 kg
230 mm 4,0 kg
170 mm 1,2 kg
170 mm 1,5 kg
230 mm 3,0 kg
230 mm 4,0 kg

Ab 1250V gehdren die passenden Hochspannungsstecker zum Lieferumfang. Passende Hochspannungskabel finden Sie ab Seite 51.
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Hochspannungskassetten EURO-Format o
Serie HCE von 125 V bis 35 kV / 7 W bis 350 W

19“- Uberrahmen
(84 TE) sind als
Zubehor erhaltlich

Typ Spannung Strom Breite Héhe Tiefe Gewicht
HCE 7 - 3500 ® 0- 3500V 0 - 2 mA 14TE/ 71 mm 3HE/ 133 mm 170 mm 1,2 kg
HCE 35 - 3500 ® 0- 3500V 0 - 10 mA 21 TE/ 107 mm 3HE/ 133 mm 170 mm 1,5 kg
HCE 140 - 3500 0- 3500V 0 - 40 mA 21 TE/ 107 mm 6HE/262 mm 230 mm 3,0 kg
HCE 350 - 3500 0- 3500V 0- 100 mA 28 TE/ 142 mm 6 HE /262 mm 230 mm 4,0 kg
HCE 7 - 6500 ® (- 6500 V 0 - 1 mA 14TE/ 71 mm 3HE/ 133 mm 170 mm 1,3 kg
HCE 35 - 6500 ® 0- 6500V 0 - 5 mA 21 TE/ 107 mm 3HE/133 mm 170 mm 1,5 kg
HCE 140 - 6500 0- 6500V 0 - 20 mA 21 TE/ 107 mm 6HE/262 mm 230 mm 5,0 kg
HCE 350 - 6500 0- 6500V 0 - 50 mA 28 TE / 142 mm 6HE/262 mm 230 mm 6,0 kg
HCE 7 - 12500 ® 0 - 12500 V 0 - 0,5 mA 14TE/ 71 mm 3HE/133 mm 170 mm 1,3 kg
HCE 35 - 12500 ® (- 12500 V 0 - 2,5 mA 21 TE/ 107 mm 3HE/ 133 mm 170 mm 1,8 kg
HCE 140 - 12500 0- 12500 V 0 - 10 mA 28 TE/ 142 mm 6 HE /262 mm 230 mm 5,0 kg
HCE 350 - 12500 0- 12500 V 0 - 25 mA 28 TE/ 142 mm 6HE/262 mm 230 mm 6,0 kg
HCE 7 - 20000 ® 0 - 20000V 0 - 0,3 mA 21 TE/ 107 mm 3HE/133 mm 170 mm 2,3 kg
HCE 35 - 20000 ® 0 - 20000V 0 - 1,5 mA 21 TE/ 107 mm 3HE/133 mm 170 mm 2,5 kg
HCE 140 - 20000 0 - 20000 V 0 - 6 mA 28 TE/ 142 mm 6 HE/262 mm 230 mm 5,0 kg
HCE 350 - 20000 0 - 20000 V 0 - 15 mA 28 TE/ 142 mm 6 HE /262 mm 230 mm 6,0 kg
HCE 7 - 35000 ® 0 - 35000V 0 - 0,2 mA 28 TE / 142 mm 3HE/133 mm 170 mm 2,5 kg
HCE 35 - 35000 ® 0 - 35000V 0 - 1 mA 28 TE/ 142 mm 3HE/133 mm 170 mm 2,8 kg
HCE 140 - 35000 0 - 35000 V 0 - 4 mA 28 TE/ 142 mm 6HE/262 mm 230 mm 5,0 kg
HCE 350 - 35000 0 - 35000 V 0 - 10 mA 28 TE/ 142 mm 6 HE /262 mm 230 mm 6,0 kg

® kurzfristig lieferbar (Baugruppen lagernd)

Ab 1250V gehdren die passenden Hochspannungsstecker zum Lieferumfang. Passende Hochspannungskabel finden Sie ab Seite 51.

29

© FuG Elektronik GmbH, D-83135 Schechen, Am Eschengrund 11
http://lwww.fug-elektronik.de, E-Mail: info@fug-elektronik.de

V0112






Honeywell

Installation Instructions for the

HIH-4602-A/C Series Humidity Sensors

ISSUE 1
50021539

A WARNING

PERSONAL INJURY

e DO NOT USE these products as safety or emergency
stop devices or in any other application where failure of
the product could result in personal injury.

e The sensor’s housing does not provide electrical safety
isolation. Mount the sensor in a location where it cannot
be touched, or where a surrounding barrier prevents
human contact.

Failure to comply with these instructions could result in

death or serious injury.

CAUTION

IMPROPER SENSOR POSITIONING

o Position the sensor so that its face is exposed to the
atmosphere being monitored.

Failure to comply with these instructions may result in

CAUTION

IMPROPER HANDLING

¢ Do not remove the sensor from its original protective
packaging until it is ready to be installed.

¢ Do not touch the sensor surface. Use latex finger cots.
Handle the sensor by its package edges or leads.

e Do not allow objects to enter the cavity of the sensor
element.

Failure to comply with these instructions may result in

product damage.

NOTICE

e Under condensing conditions where enough liquid water
forms on the sensor to create a parasitic leakage path, the
HIH-4602-A/C Series Humidity Sensor produces an
erroneous reading of 0% humidity. If this erroneous
reading is assumed to be correct by your control function,
excess humidity is likely to be introduced into the system.
Once the liquid water evaporates from the sensor and the
environment returns to a non-condensing state, the device
returns to normal functionality.

¢ Shade the sensor from direct light. Intense direct light can
flood junctions in the CMOS (Complementary Metal Oxide
Semiconductor) device and drive the output signal to the
minimum. This does not harm the sensor or affect
calibration. Proper operation resumes shortly after the
direct light is removed. Ambient scattered light normally
does not affect performance.

e At the end of its working life, dispose the sensor in
accordance with Directive 2002/96/EC (WEEE).

ELECTROSTATIC
SENSITIVE
DEVICES
DO NOT OPEN OR HANDLE
EXCEPT AT A STATIG
FREE WORKSTATION

ESD SENSITIVITY:
CLASS 3A

product damage.

Hand soldering is acceptable. If wave soldering is required,
use a no-clean flux. Limit the contact of the flux to the leads
only.

Recommended PC board wave soldering temperature is
250 °C to 260 °C [482 °F to 500 °F].

MOISTURE SEALING THE LEADS

If, in the presence of intermittent moisture or other
contaminants, there is the possibility of galvanic paths between
the leads, moisture seal the leads and exposed pads.

TABLE 1. HIH-4602-A NTC THERMISTOR TEMPERATURE
SPECIFICTIONS

Rb = 100 kOhm +5% at 25 °C

Beta = 4250, 25 °C to 85 °C

1/T=a+b(LnR) +c(Ln R) A3, T in degrees K

Temp. °C Resistance
Low 0 351000
Mid 50 33590
High 100 5569

a =0.000828083
b = 0.000208691
c = 8.0812E-08

TABLE 2. HIH-4602-C RTD TEMPERATURE SENSOR
SPECIFICATIONS

Thin film platinum RTD — Class 2B (Ro: +0.25%)

DIN EN 60571 (PER IEC 751)

TCR = 3750 ppm/°C

1000 Ohm at 0 °C [32 °F]

Sensing and Control





HIH-4602-A/C Series Issue 1 50021539

TABLE 3. PERFORMANCE SPECIFICATIONS (At 5 Vdc supply and 25 °C [77 °F] unless otherwise noted.)

Parameter Minimum Typical Maximum Unit Specific
Note
Interchangeability (first order curve) - - - - -
0% RH to 59% RH -5 - 5 % RH -
60% RH to 100% RH -8 - 8 % RH -
Accuracy (best fit straight line) -3.5 - +3.5 % RH 1
Hysterisis - 3 - % RH -
Repeatability - +0.5 - % RH -
Settling time - - 70 ms -
Response time (1/e in slow moving air) - 50 - s -
Stability (at 50% RH in one year) - +1.2 - % RH -
Voltage supply 4 - 5.8 Vdc -
Current supply - 200 500 A -
Output voltage temperature coefficient at - -4 - mV/°C -
50% RH, 5V
Voltage output (1st order curve fit) Vour=(Veuery) (0.0062(sensor RH) + 0.16), typical at 25 °C 1
Temperature compensation True RH = (sensor RH)/(1.0546-0.00216T), T in °C
Operating temperature -40[-40] See Figure 1. 85[185] °C[°F] -
Operating humidity 0 See Figure 1. 100 % RH 2
Storage temperature -50[-58] - 125[257] °C[°F] -
Storage humidity See Figure 2. % RH 2
Specific Notes: General Notes:
1. Device is calibrated at 5 Vdc and 25 °C. e Sensor is ratiometric to supply voltage.
2. Non-condensing environment. o Extended exposure to >90% RH causes a reversible shift
of 3% RH.

e Sensor is light sensitive. For best performance, shield
sensor from bright light.

FIGURE 1. OPERATING ENVIRONMENT (Non-condensing environment.)
100%
90% / %
80% 7 7
70% \
60% /
50%
40%
30%
20%
10%

0%
-40  -20 0 20 40 60 80 100

D Recommended operating zone Temperatu re OC
Operating zone limited to <50 hours

Relative Humidity

- No specification zone
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FIGURE 2. STORAGE ENVIRONMENT (Non-condensing environment.)

50021539
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FIGURE 3. HIH-4602-A/C MOUNTING DIMENSIONS (For reference only. mm/[in])

SENSOR CAP, NICKEL 200

HIH-4602-A/C
0,76 REF.
[0.030] 0,76 REF
' l«__ 6,60 REF. 13,46 0,25
SENSOR TANG l/[O'O:’O] 0260 € 10.530 £0.010]
9,14 REF. T )
[0.360]
8,26 REF. ,
[0.325]
6,35 DIA. REF. FILTER DISC, SST 6X 0,46 DIA. LEADS, GOLD-PLATED,
[0.25] [0.018]

1. Case ground 4. (+) Vdc supply
2. Vdc out 5,
3. (-) Power or ground 5.

6. HIH-4602-A thermistor for temperature compensation
, 6. HIH-4602-C RTD for temperature compensation
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WARRANTY/REMEDY SALES AND SERVICE
Honeywell warrants goods of its manufacture as being free of Honeywell serves its customers through a worldwide network
defective materials and faulty workmanship. Honeywell’s of sales offices, representatives and distributors. For
standard product warranty applies unless agreed to otherwise application assistance, current specifications, pricing or name
by Honeywell in writing; please refer to your order of the nearest Authorized Distributor, contact your local sales
acknowledgement or consult your local sales office for specific office or:
warranty details. If warranted goods are returned to Honeywell
during the period of coverage, Honeywell will repair or replace, E-mail: info.sc @honeywell.com
at its option, without charge those items it finds defective. The
foregoing is buyer’s sole remedy and is in lieu of all other Internet: www.honeywell.com/sensing
warranties, expressed or implied, including those of
merchantability and fitness for a particular purpose. In no Phone and Fax:
event shall Honeywell be liable for consequential, special, Asia Pacific +65 6355-2828
or indirect damages. +65 6445-3033 Fax
Europe +44 (0) 1698 481481

While we provide application assistance personally, through +44 (0) 1698 481676 Fax
our literature and the Honeywell web site, it is up to the Latin America +1-305-805-8188
customer to determine the suitability of the product in the +1-305-883-8257 Fax
application. USA/Canada +1-800-537-6945

+1-815-235-6847
Specifications may change without notice. The information we +1-815-235-6545 Fax

supply is believed to be accurate and reliable as of this printing.
However, we assume no responsibility for its use.

Automation and Control Solutions

Sensing and Control

Honeywll Honeywell
1985 Douglas Drive North

Minneapolis, MN 55422 50021539-1-EN IL50 GLO Printed in USA

. January 2007
www.honeywelI.com/sensmg Copyright © 2007 Honeywell International Inc. All rights reserved.






Particle Instruments

Aerosol Neutralizers

Models 3012, 3012A, 3054, 3054A, 3077, 3077A, 348002

Minimize particle losses and coagulation caused by electrostatic charges, or charge particles
properly for Scanning Mobility Particle Sizer analysis and air-filter measurements

3054/3054A

Aerosol particles dispersed by nebulization,
combustion, or powder dispersion are usually elec-
trostatically charged. Normally, a high level of elec-
trical charge is undesirable. It increases the particle
loss to the walls of transport and sampling systems,
or it can affect filter-efficiency measurements. To
ensure that instruments operating on the electro-
static principle work properly, aerosol particles
entering these instruments must be neutralized.

Operation

TSI Aerosol Neutraliz-
ers use a radioactive source
(Kr-85 or Po-210) to perform
this function. The radioac-
tive source ionizes the sur-
rounding atmosphere into
positive and negative ions.
Particles carrying a high charge can discharge by
capturing ions of opposite polarity. After a short
time, the particles reach charge equilibrium such
that the aerosol carries a bipolar distribution as
described in the literature by Fuchs.

In the longer, cylindrical neutralizers (shown
at top), inert Kr-85 gas is sealed completely inside a
stainless-steel tube with wall thickness of 0.05 mil-

348002

3077/3077A

_—

-
il

limeters. The tube is shielded by a metal outer hous-
ing. As described by Liu and Pui, aerosol passes
through the space between the stainless-steel tube
and the outer housing. Regarding the Model 348002
shown at lower left, aerosol does not pass through the

neutralizer. Instead, the Model 348002 is placed adja-

cent to an aerosol stream.

Applications

Models 3054 and 3054A are designed to fit
onto a TSI Model 3450 Vibrating Orifice Aerosol
Generator. Models 3077 and 3077A are designed to
fit into TSI Model 3080-series Electrostatic Classifi-
ers and all Scanning Mobility Particle Sizer spec-
trometers. Model 348002 is designed to fit into a TSI
Model 3480 Electrospray Aerosol Generator.

TSI Aerosol Neutralizers may be used for gener-
al-purpose neutralization. If your aerosol carries high-
er charge levels or if your aerosol flow rate is in the
upper half of the specified range, TSI recommends
the 3012A, 3054A, or 3077A. See flow rate ranges
and other specifications
on the reverse side of this

document. JE—






Specifications
Aerosol Neutralizers

3012 3012A 3054 3054A 3077 3077A 348002

Source Kr-85 Po-210
Emission Beta decay Alpha decay
Radioactivity [MBq (mCi)] | 74(2) | 3700100 | 37000 | 700 | 7@ | 3700 185 (5)
Half-life 10.7 years 138 days
Maximum Flow Rate 50 liters/min | 150 liters/min | 5 liters/min NA
Maximum Temperature 50°C (122°F) 150°C (302°F)
Maximum Pressure 35 kPa (5 psig) NA
Outer Housing Material Anodized aluminum Stainless steel Aluminum
Dimensions
Inlet Diameter 1.27 em (0.5 in.) 2.46 cm (0.97 in.) 0.64 cm (0.25 in.) NA
Outlet Diameter 1.27 cm (0.5 in.) 3.50 cm (1.38 in.) 0.64 cm (0.25 in.) NA
Housing Diameter 7.72 cm (3.04 in.) 8.94 cm (3.52 in.) 3.89 cm (1.53 in.) 3.20cm (1.26 in.)
Opverall Length 52.86 cm (20.81 in.) 64.14 cm (25.25 in.) 21.44 cm (8.44 in.) 0.97 cm (0.38 in.)
Weight 1.0 kg (2.2 1b) 3.5 kg (7.71b) 0.4 kg (0.9 1b) 14 ¢ (0.5 oz)

NA = not applicable

To Order Relocation and Disposal

Aerosol Neutralizers Aerosol Neutralizers contain a radioactive source that requires
Specify  Description special handling. Government regulations require that you
3012 For general-purpose aerosol applications with high notify TSI Incorporated if you wish to dispose of this product

or transfer it to a different facility. TSI is required by law to
assist you with this process. There is a fee for this service.

3012A  For general-purpose aerosol applications with high Please contact TSI customer service for additional information.
flow rates, has screened inlet and outlet and five

times the activity of Model 3012

flow rates; has screened inlet and outlet

3054 For use with Model 3450 Vibrating Orifice Aerosol Bibliography
Generators
Fuchs NA, “On the Stationary Charge Distribution on
3054A  For use with Model 3450 Vibrating Orifice Aerosol Acrosol Particles in Bipolar lonic Atmosphere,” Geophys.
Generators; has twice the activity of Model 3054 Pura Appl. 56:185 (1963).
3077 For general-purpose applications involving
moderately charged aerosols or low flow rates; Liu BYH, and DYH Pui, "Electrical Neutralization of
lower activity reduces regulatory concerns Aerosols," J. Aerosol Sci. 5:465-472 (1974).
compared to Model 3077A
3077A For general—purpose applications inVOIVing hlghly TSI has been issued general license number 22-12602-03G by the United States Nuclear
charged aerosols and/or hlgh flow rates; used with Regulatory Commission to sell and distribute these Aerosol Neutralizers. Users in the
Model 3034 Scanning MObilitY Particle Sizer and United States need not apply for additional U.S. Government licenses to handle these

products. However, some state and local governments may require special licenses and

other TSI Instruments; has five times the activity some organizations may have special handling procedures. Check all local requirements.

of Model 3077

340082  For use with Model 3480 Electrospray Aerosol
Generators

TSI.

TSI Incorporated
500 Cardigan Road, Shoreview, MN 55126 U.S.A.
Tel: 651 490 2811 Toll Free: 1800 874 2811 Fax: 651 490 3824 E-mail: particle@tsi.com

TSI Germany

Neukdllner Str. 4, 52068 Aachen, Germany

Tel: +49 241 523030 Fax: +49 241 5230349 E-mail: particle-europe@tsi.com
TSI United Kingdom

1 Beach Road West, Portishead, Bristol BS20 7HR, United Kingdom

Tel: +44 1275 847837 Fax: +44 1275 842437 E-mail: particle-europe@tsi.com

For current //lformat/'on
www.tsi.com

P/N 2980230 Rev. A Copyright © 2003 by TSI Incorporated Printed in U.S.A.






“TROPOS

Leibniz Insﬁtute for
Tropospheric Research

User manual TROPOS-SMPS

Leibniz Institute for Tropospheric Research

Permoserstr. 15
04318 Leipzig

Germany

Version history

Revision Hardware modification

Software modification

Description

H1S4.6.8 28.09.12

H1S4.6.7 28.09.12

H1S4.6.5

13.09.12V 4.6.8

XX.XX.12 V 4.6.7

xXX.XxX.12V 4.6.5

No coincidence
correction for external
CPC

Bug removed, when
switching between
regular measurement
and measurement with
size standard

Version H1S4.6.8

User manual TROPOS-SMPS

Page - 1 - of 37





Contents

1. PrOQUCE OVEIVIEW ..ottt e e et e e e e e e e e e e e e e -4 -
2. INSTrUMENE DESCHPLION ..eiiiiiiiiiiiiieei ittt -6-
2.1, MEENOUS ... -6-
2.2, DM A e a e et e et et aaaa e aaees -8-
2.3. Condensation PartiCle COUNTEI...........ciiiiiiiiiiiii e -9-
2.4. Bipolar Diffusion Charger (Neutralizer) ..., -9-
2.5, TROPOS-SMPS ettt e e a e e et e e e aaee -9-
3. A1 (=] 1 A BT = (1 o P -11 -
4. TROPOS-SMPS OPEIALION ..o -13 -
R D = L= (0] 1 10 F- | AP P PP P PP PPPPPPPPPPPPPP -14 -
4.2. Data handling und INVEISION .........ccoiviiiiiiiiiiiiee e -17 -

4.2.1.Evaluation procedure for particle number concentration in “Bavaria-Hesse format” - 17 -

4.2.2.Evaluation procedure for particle number size distribution in “TROPOS-format”.....- 17 -
4.2.3.Evaluation steps for particle number size distribution in “NASA Ames-format” ....... -23-
5. VP2 1T 1 (=] o =T g o] TSP -24 -
5.1. Monthly maintenance Plan...........cccoii i -24 -
5.1.1.Function control 0f the SMPS ..., -24 -
5.1.2.Leak test of the TROPOS-SMPS........cooiiiiiiii e e s -29-
5.1.3.High voltage check up to 1000 VOIS ........ooviiiiiiii e -29-
5.1.4.Calibration of sizing accuracy with size standard and calibration of the sheath air flow

1P UPPPTTR -31-
I AN o (U= U g = U (=] g = g ol = T -34 -
5.2.1.Check and calibration of the humidity SENSOIS............ciiiiiiiieiie e, -34 -
5.2.2.Calibration of the sheath air flow rate (only OffSet) .........cooovveiiiiiiii, -34 -
5.2.3.Calibration of the pressure tranSAUCET ............cii i iiieeaee e -35-
5.2.4.Cleaning the DMA ... -36-
5.2.5.Calibration of the CPC and check of the saturator sponge inside the CPC............. -36 -

Version H1S4.6.8 User manual TROPOS-SMPS Page - 2 - of 37





List of Figures

Figure 1: Schematic sketch of the closed-loop TROPOS-SMPS (Wiedensohler et al., 2012) ..

.......................................................................................................................................... -6-
Figure 2: Schematic sketch of a DMA showing trajectories of particles with different electrical
INIODIIIEY . .. -8-
Figure 3: Program window for hardware configuration..............ccccceeeeiieeiiiiiiiiiiiin e -11-
Figure 4: Permanently opened window for data acquisition and control (during a
measurement with diffusion screens and external CPC).............cccouiiiiiiiiiiiiiiiiiiiiiiieiinns -13-
Figure 5: Data format of a certain raw-file............cooooiiiii e, -15-
Figure 6: Data format of a certain dia-file..................uuuiiiiiiiiiiiiiiis -16-
Figure 7: Pattern for the folder DATA for DMPS-Inversion-2.13.€Xe. ........ccccceeeeeieeeeeeennnns -17 -
Figure 8: Example of an Excel ini-file to initialize the DMPS-Inversion-2.13.exe............... -19-
Figure 9: Program window of DMPS-INVErSioN-2.13.€X€ ...........uuuuuuummmmmmmmmmnnnninininnnnnnnnnnes -20-
Figure 10: Data format of a certain flg-file with an added flagging code (e.g. 24.000)...... -21-
Figure 11: Data format of a certain iN3-fille.................uuuuiiiiiiiiiiiiiiiiiies -21-
Figure 12: Program window of Apply flagging (FLG) to SMPS data.exe.......................... -22-
Figure 13: Program window for data acquisition and control with activated service button
ST <Y Y/ (o7 1.4 0 Lo [ -24 -
Figure 14: Measurement & Automation.exe—Program window to adjust and calibrate the
DIOWET VOIBGE ... e - 26 -
Figure 15: Measurement & Automation.exe—Program window to adjust and calibrate the
sheath air flow rate (only slope of the calibration curve) ...........ccccciiiiiii i, - 28 -
Figure 16: Measurement & Automation.exe to check the high voltage of the DMA .......... -30-
Figure 17: Measurement & Automation.exe to calibrate the high voltage of the DMA....... -31-
Figure 18: MiniSetup—Program window to insert pressure and temperature for the size
StaNdard MEASUIEIMENT...... ... it ee et e e et e e e e e e et s s e e e e e e ee et e s e eaeeeeeasnnnnnns -32-
Figure 19: Program window for data acquisition and control during the measurement with the
R4 R] = 1 1o = U o 1P -33-
Figure 20: Measurement & Automation.exe—Program window to adjust and calibrate the
sheath air flow rate (only intercept of the calibration curve). ...........ccccooe -35-

Version H1S4.6.8 User manual TROPOS-SMPS Page - 3 - of 37





1. Product Overview

The TROPOS-SMPS can be used for scientific purpose about the evolution of aerosol
particles in time and space as well as for health effect studies in research infrastructure and
air quality monitoring networks. The TROPOS-SMPS is designed for long-term measurement
of aerosol particles and over there in highly burden regions. The TROPOS-SMPS is a
mobility particle size spectrometer, which can measure continuously the particle number size
distribution in a size range from 10 to 800 Nanometers. The temporal resolution to measure a
complete particle number size distribution is approximately 5 minutes. Measured data are
stored on a PC or notebook, which is part of the measuring system. The current particle
number size distribution is displayed graphically as part of the data acquisition and control
software.

In the standard version (Table 1), the TROPOS-SMPS does not comprise an automated
function control unit that is described in a separate publication (Schladitz et al., 2013).
However, the TROPOS-SMPS can be extended by an automatic Zero air measurement and
an automatic diffusion screen measurement (control unit for the total particle number
concentration and a set of diffusion screens for minimize the influence of ultrafine particle on
the systems control). An additional condensation particle counter is needed to measure the
total particle number concentration.

A radioactive source such as Kr-85, Am-241, or Ni-63 is part of the standard version of the
TROPOS-SMPS. Before any operation, it is necessary to obtain a handling permission if the
activity of the source exceeds a free limit. Current radioactive sources inside the TROPOS-
SMPS named with an activity from 74 to 370 MBq.

Dry compressed air (dew point temperature < -20°C) is necessary to operate the TROPOS-
SMPS. The amount of dry compressed air depends on the SMPS version and should be at
least 10 Liters/min for the standard version.

Table 1: Equipment of the TROPOS-SMPS in standard version

Description Quantity Manufacturer
TROPOS-SMPS 1 (several manufacturer,
- incl. Condensation particle counter see Table 4)

- incl. Bipolar charger

- incl. Electronic unit

- incl. Vacuum pump

Computer for data acquisition and control 1

- incl. Windows 7 (installed)

- incl. LabView 2011 Runtime Engine
(installed)

- incl. SMPS device control software
(installed and pre-configured)

Adapter cable to connect high voltage power 1 TROPOS
supply with the digital-multimeter
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(digital-multimeter not included in delivery)
Zero-filter (filtration efficiency QA) 1 Balston

User manual in German or English 1 TROPOS
Software CD including 1 TROPOS
- LabView 2011 Runtime Engine
executable
- SMPS data acquisition and control
software
- SMPS data evaluation software
- Data sheet as a pdf-file for the channel
assignment of the LabView hardware

Table 2: Optional accessories for automatic Zero air and diffusion screen measurement

Description Quantity Manufacturer

Zero air

Ball valves 2 Swagelok, Solon, OH,
USA

Filter holder for diffusion lattices 1 TROPOS

Diffusion lattices 40 TROPOS

Tubes, tube fittings und mounting equipment

Diffusion Screen measurement

Condensation Particle Counter (3010, 3772) 1 TSI Inc., Shoreview, MN,
USA

Perma Pure Nafion® sample air dryer (MD- 1 Ansyco GmbH, Karlsruhe,

series) Germany

Tubes, tube fittings, shutoff valves and
mounting equipment

Table 3: Accessory kit for maintenance of the TROPOS-SMPS

Description Quantity Manufacturer

Gilibrator (volumetric soap bubble flowmeter) 1 Sensidyne

with medium and large measuring cell

Digital-multimeter (Voltage range 1000 V, high 1 PeakTech (e.g. model
impedance) 3340)

Size standard 200 nm (1% solution 1 Duke

polystyrene latex), 15 ml bottle

Ultrasonic nebulizer 1 Pari Boy (e.g. mobile S)
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2. Instrument Description

2.1.Methods

aerosol flow CPC

—— flow check heat exchanger

RHT
sample flow sensor

M)
Nafion dryer HEPAfilter u

ps— dry air : ' g —{
DMA | excess air fiow -
PID-controlled
blower
pressure
capillary transducer Nafion dryer
absolute
pressure
sensor
HEPA filter dry air —e=gf
| J
bipolar d\ﬁus@n charger sheath air flow mass flow
(neutralizer) flow check meter
RH/T
sensor
SMPS- Schema

©2012IFT Andrea Haudek

Figure 1: Schematic sketch of the closed-loop TROPOS-SMPS (Wiedensohler et al., 2012)

The principle of a mobility particle size spectrometer is based on the electrical particle
mobility. After electrical charging in a bipolar diffusion charger, aerosol particles are classified
by their electrical particle mobility in the electric field of a cylindrical capacitor. Afterwards, a
particle counter counted the aerosol particles. There is a unique relation between electrical
particle mobility of an aerosol particle with an equivalent mobility diameter and the electrical
charge. With the knowledge of the bipolar charge equilibrium, the transfer function of the
Differential Mobility Analyzer, and the counting efficiency of the Condensation Particle
Counter one can calculate the particle number size distribution from measured data.

Figure 1 shows a schematic sketch of a TROPOS-SMPS, which corresponds to the
EUSAAR! / ACTRIS recommendation for particle number size distribution measurements in
the submicrometer size range.

! European Supersites for Atmospheric Aerosol Research
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Downstream a PM; or PMyq inlet, the aerosol flow is dried below 40% relative humidity using
a Perma Pure Nafion® sample air dryer. The aerosol flow rate is measured with a calibrated
pressure transducer (BTEL5000/PTUL5000) via a capillary. The relative humidity and
temperature of the aerosol flow is measured with a RH/T sensor. In the TROPOS-SMPS, the
aerosol flow passes a bipolar diffusion charger (Kr-85, Am-241, or Ni-63) to bring the aerosol
particle population into defined bipolar charge equilibrium. The barometric pressure is
measured ahead the inlet of the Differential Mobility Analyzer (DMA). The bipolarly charged
particles with the aerosol flow enter the DMA and are there classified according their
electrical particle mobility. The sample flow with particle of certain electrical particle mobility
is led directly to a Condensation Particle Counter (CPC), which measures the particle
number concentration. The critical orifice inside the CPC keeps the sample flow and thus the
aerosol flow constant at a rate of 1 I/min. The CPC is connected to a separate vacuum pump
or a central vacuum supply. When the TROPOS-SMPS is operating in a container, it is useful
to remove the waste air of the vacuum pump outside.

The TROPOS-SMPS uses the “Closed-Loop principle” of the sheath air (Jokinen and
Makeld, 1997), where the excess air is filtered and then re-used as sheath air. Within the
excess/sheath air closed loop, the temperature and relative humidity is measured and then
the particles are removed in a filter. A PID - controlled blower guarantees the persistent
circulation of the sheath air in this closed loop system. Because the blower warms the sheath
air, a heat exchanger with cooling ribs ensures temperature compensation with room air.
Downstream the heat exchanger, a Perma Pure Nafion® dryer keeps the relative humidity of
the sheath air and thus inside the DMA low, although with fluctuating relative humidity of the
aerosol flow. Before entering the DMA again, the sheath flow rate (5 I/min) is measured with
a calibrated mass flow meter and again filtered.
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2.2.DMA

The DMA (TROPOS-modified Hauke-type) is a cylindrical capacitor that can select charged
particles according to their electrical mobility Zp (Knutson and Whitby, 1975):

_ neC;
P 3mpd,

where n, is the number of negative charges, and e the elementary charge (1.602-10°C).
The viscosity of the carrier gas n and the size-dependent Cunningham slip correction factor
C, can be taken from ISO 15900:2009 (Wiedensohler et al., 2012). A schematic sketch of
the DMA is shown in Figure 2.

Aerosol (Q)
Sheath air (Q,) l

p—

«—

NN
NN

High voltage
power supply

Inner electrode

Outer electrode

am

Monodisperse slit

k

Excess air

Monodisperse
aerosol

Figure 2: Schematic sketch of a DMA showing trajectories of particles with different electrical
mobility.

A high voltage (here negative) is employed between the inner center electrode (positive
potential) and the outer-grounded electrode. A particle free sheath air flow rate Qs, and an
aerosol flow rate Q, are injected into the DMA. Due to the electric field, positively charged
particles precipitate onto the outer electrode, while neutral particles are not attracted by the
electric field and leave the DMA as excess air Qg,. If there are no leaks, Qsp=Qgx and Qx=Qs.
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A DMA-independent ideal transfer function describes the probability that particles with
negative charges with certain mobility Z, enter the sampling slit of the DMA.

2.3.Condensation Particle Counter

The Condensation Particle Counter (CPC) is based on the physical property of condensation
of butanol vapor on particles, which grow to several micrometers to be optically detectable.
The sample flow is sucked through the CPC with a constant flow. First, the aerosol flow is
saturated with butanol vapor in a slightly heated saturator. Afterwards, the aerosol is led
through a condenser to reduce the temperature by approximately 17K. The butanol vapor
becomes supersaturated, condenses onto the particles, and the aerosol particles grow to
micrometer sized droplets. After focusing the droplets into the optical detection unit, the
droplets pass a laser beam, where they are individually counted. Since the equilibrium
saturation ratio of a droplet is a function of droplet size, particles smaller than a certain size
are not activated to a droplet. This CPC specific counting efficiency is specific for different
kinds of CPCs. The CPC TSI model 3010 and 3772 are able to detect 50 % of particles at a
size of 10 or 8.5 nm, respectively. The specific detection efficiency curve is taken into
account in the data handling / inversion software (cf. Chapter 4.2).

2.4.Bipolar Diffusion Charger (Neutralizer)

A typical bipolar diffusion charger comprises a radioactive source such #Kr, #°Po, ***Am,
®3Ni or *C. In the charger, the radioactive alpha or beta particles, the gamma radiation or the
bremsstrahlung ionize the aerosol carrier gas. The positive and negative ions are transported
to the particles by diffusion and electrostatic forces. The larger the particle is, the more
positively and negatively charged ions can be captured on them. The bipolar charge
equilibrium can be analytically calculated for a particle size between 1 and 100 nm
(Wiedensohler, 1988; Wiedensohler et al., 2012).

2.5. TROPOS-SMPS

Table 4 lists the components, typically used in a TROPOS-SMPS excluding the CPC and
bipolar diffusion charger.
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Table 4: Constituents of the TROPOS-SMPS. Data sheets can be found in the appendix

expect for self-made products from TROPOS.

Constituents

Manufacturer

Rack

Perma Pure Nafion® sample air dryer (MD-
series)

Large sample air dryer in sheath air closed
loop

Pressure transducer
(BTEL5000/PTULS5000 series)

Humidity and Temperature sensor
(HIH-4602-A/C series)

Absolute pressure sensor
(HDIB002...U...series)

Differential Mobility Analyzer
High voltage power supply
(Model HCE 7 — 12500)

Total particle filter (HEPA), 2 Pieces

PID - controlled blower
(Model Minispiral 12/24V HDC)

Heat Exchanger
(Model 4105G1SB)

Mass flow meter
(4000/4100 series)

Knirr GmbH, Arnsdorf, Germany
Ansyco GmbH, Karlsruhe, Germany
Perma Pure LLC, Toms River, NJ, USA
(Nafion® - tubes)

Self-made by TROPOS
(Casing for sample air dryer)

Sensortechnics GmbH, Purchheim,
Germany

Honeywell, Minneapolis, MN, USA
Sensortechnics GmbH, Purchheim,
Germany

TROPOS-modified Hauke medium-type

FuG Elektronik GmbH, Rosenheim,
Germany

Self-made by TROPOS

AMETEK, Saugerties, NY, USA

LYTRON, Woburn, MA, USA

TSI Inc., Shoreview, MN, USA
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3. System-Setup

On delivery, the TROPOS-SMPS is pre-configured to the on-site operational conditions. The
pre-configuration incorporates the settings for the mean barometric pressure of the station
and temperature (i.e. the air-conditioned container) as well as the storage path and a unique
filename (e.g. “SMPS_abbrev. of the site_”) of the measured data. After built-up, the
compressed air and vacuum supply should be connected to the TROPOS-SMPS by use of
quick-release fastener on the backside of the instrument. The hardware configuration
depends on the SMPS version. Doing so by double-click on the shortcut Hardware.exe,
which is situated on the desktop of the computer for data acquisition and control. The
following window appears (cf. Figure 3). For the standard version of the TROPOS-SMPS, all
LEDs on the left hand side should be deactivated (dark green). To set them in active or
inactive state, push the button next to the LED. The standard temporal resolution of a
complete number size distribution measurement is 5 minutes. In certain cases, this value can
be modified in the box next to “Start scan every full ... minute(s)* (cf. Figure 3). Changed
settings should be confirmed by pushing the “Save“ button on the lower right corner. After
pushing the “Save” button a user prompt with a question appears to avoid changes by
unauthorized persons. The security code is always the number “42”.

Figure 3: Program window for hardware configuration
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If the TROPOS-SMPS is equipped with the automated Zero air measurement, the LED “Zero
Filter* should be activated (LED lime green). In this case, the approximate repetition time as
a multiple of 24 hours must be entered in the numeric field ,every ... day(s)* (cf. Figure 3).
For Zero air measurement, the exact repetition time is x-24—1 hours, where X is the integer
value from the numeric field “every...day(s)”. The complete Zero air test takes 1 hour
including blanking times (usually 5 minutes) at the beginning and at the end of the test. If the
TROPOS-SMPS is equipped with the diffusion screen measurement, the LEDs “Diffusion
Screen® and “total CPC* should additionally be in active state by pushing the adjacent button.
The diffusion screen measurement takes additionally 1 hour including blanking times at the
beginning and at the end of the test. Beyond that, it is not possible to enter different repetition
times for both, the Zero air and diffusion screen measurement. First, the diffusion screen
measurement and afterwards the Zero air measurement are carried out. The exact repetition
time is x-24—2 hours, where x is the integer value from the numeric field “every...day(s)".
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4. TROPOS-SMPS Operation

After setting-up, the TROPOS-SMPS is switched-on pushing the master switch, which is
positioned on the front panel of the electronic unit. Beyond that, the high voltage power
supply and the CPC should be switched-on. A warm-up time of at least 2 hours for the high
voltage power supply and 10 minutes for the CPC should be considered. On a next step, the
correct sizing is done by calibrating the sheath air flow rate using a certified size standard of
200 nm (e.g. NIST? certified polystyrene size standard). Attention should be paid to the real
size of the particles, which is displayed on the bottle. At last step, the offset of the high
voltage power supply at low voltages is checked and calibrated using a digital-multimeter
(For the operation steps see chapter 5.1). Afterwards, start running the data acquisition and
control software by double-click on the shortcut Scan.exe that can be found on the desktop
of the computer. Other mentioned programs in this manual do have a shortcut on the
desktop.

. Scan_46.vi ol B '
Current Scan  12:15:00 * , Waiting * | Zerofilter @ Diffusion screen
1.0E+5 D/A voltage
Number — [Volume

SMPS 746 437
Diameter

.75
€PE 6958
Counting channel

Raw counts

Raw concentration

:
%
:
)
:

Concentration array
[

Autoinvert Save data

linear| 7[| log

=
©
L5l
&

i Service mode

100

diameter [nm] Averag last scan(s)

-

Sheath flow Sheath air t Sheath air rH Aerosol flow Aerosol t Aerosol tH Air pressure 1 2
Version4.6.5 (c) 2012 IfT/ TT

Figure 4: Permanently opened window for data acquisition and control (during a
measurement with diffusion screens and external CPC).

Usually, the data acquisition and control software is set to start with a measurement to the
next full 5 minutes. The program starts drawing yellow hollow circles on the front panel. A
complete measurement comprises an up- and downscan, whereas the voltage rises from 0 V
to 10V during up scanning and vice versa during down scanning. The subsequent
measurement is displayed by a solid green line to visualize the temporal variability of the
particle number size distribution. The up- and downscan can be traced by the numerical
displays “D/A voltage“ and “Diameter on the right hand side of the front panel of the data

% National Institute of Standards and Technology, Gaithersburg, MD, USA
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acquisition and control software. Further status values, i.e. sheath air and aerosol flow rates
as well as temperature and relative humidity are displayed on the bottom of the front panel.

If the automated function control is activated in the hardware control panel (Figure 3), a LED
announcement appears on the top of the front panel. During regular measurement operation,
the LED is inactive (LED dark green), while during Zero air or diffusion screen measurement
the LED becomes active (LED lime green).

It is useful to perform a manual Zero air test of the TROPOS-SMPS with a total particle filter
after initial installation or after returning from intercomparison workshops. A manual Zero air
test is done as follows: The delivered Zero filter is mounted on the open end of the 3-way
valve nearby the aerosol inlet. Wait at least three measurements (approximately 15 minutes).
On the front panel of the data acquisition and control software read the total particle number
concentration value from row “SMPS* and column “Number®. The total particle number
concentration should be not more than 10 particles/cm3, otherwise the TROPOS-SMPS has
a leak or the CPC produces false counts. To stop the measurement and thereupon the data
acquisition, shut down the program Scan.exe by double-click on the red cross on the right
upper corner.

4.1.Data format

The measurement data are stored in a file path according to the pre-configuration of the
TROPOS-SMPS. They were saved as daily files in the following subfolders:

APS data of an externally connected aerodynamic particle size spectrometer

Average average values of the last 1 or 5 raw-files (Adjustable via a scroll bar at
»2Average last scan(s)“ in Scan.exe program)

config empty folder

diagnostics  contains sensor parameters of temperature, relative humidity, atmospheric
pressure, sheath air and aerosol flow rates, and status parameter (0/1) of the
current measurement

integral contains total values, e.g. particle number concentration, particle surface area
concentration, and particle volume concentration — for this, pre-inverted data
from the subfolder “inverted”® were used without correction for diffusional

losses

inverted pre-inverted data, no quality assurance , no correction for diffusional losses®

OPC data of an externally connected optical particle size spectrometer

raw contains raw data of electrical mobility distribution (average of up- and
downscan)

raw long contains raw data of electrical mobility distribution (separate up- and
downscan)

3 preliminary data, which should only be used for a quick view
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Daily files in the subfolders raw and dia are needed for the final data evaluation procedure.
The data format of a random *.raw and *.dia-file is shown in Figure 5 and Figure 6.

[T 'sMPs_usti_20130101.
File Edit Format View Help

0.000000 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0. 000000 293.15 1000.00 71 0.472 0.579 0.548 1.157 1.324 1.660 1.948 2.603 2.908 3.579 3.868 5.008 6.362 7.902 482
0.083333 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 7.700 18
0.083333 293.15 1000.00 71 0.426 0.487 0.731 0.914 1.370 1.523 2.147 2.785 3.196 3.669 4.308 5.236 6.589 7.218 485
0.166667 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0.166667 3.15 1000.00 71 0.487 0.807 0.883 959 1.538 2.482  2.709  3.212 5.266 5 7.476
0.250000 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0.250000 293.15 1000.00 71 1.218 1.431 1.537 1.858 2.710 3.501 4.081 4.581 5.970 6.426 7.248 8.671 9.026 11.069 12
0.333333 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0.333333 293.15 1000.00 71 0.335 0.578 0.716 1.005 1.096 1.766 2.040 3.273  3.759 4.446 5.376  6.927

0.416667 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0.416667 293.15 1000.00 71 1.370 1.294 1.781 2.085 2.284 3.091 3.760 4.429 4.932 7.066 7.367 8.524 9.664 11.218 12
0. 500000 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0. 500000 293.15 1000.00 71 0.944 1.689 1.462 2.223 2.160 3.167 3.836 4.689 5.220 5.983 6.624 8.463 9.696 11.032 12
0.583333 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0.583333 293.15 1000.00 71 1.066 1.202 1.431 2.193 2.649 3.637 4.339 4.933 6.883 7.094 8.574 10.152 11.045 13.203 14
0.666667 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.7 18
0.666667 293.15 1000.00 71 0.898 1.081 1.081 582  2.116 2.556  3.013  3.775 4.7 5.3 6.4 7.278 8.858 10
0.750000 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0.750000 293.15 1000.00 71 0.685 0.792 0.837 187 1.660 1.873 2.177 2.542 3.576 4.110 4.979 5.874 7.719 11
0.833333 3.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0.833333 293.15 1000.00 71 1.096 1.629 1.735 1.887 2.254 2.923 3.776 4.218 5.160 6.348 7.645 8.723 9.637 11.954 13
0.916667 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
0.916667 293.15 1000.00 71 0.670 0.655 0.898 1.279 1.416 2.071 2.360 3.030 3.774 4.430 6.044 7.045 8.952 9.731 13
1.000000 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.000000 293.15 1000.00 71 0.959 1.156 1.172 1.690 2.253 2.878 3.107 4.401 4.582 4.872 6.411 7.854 9.424 11.008 13
1.083333 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.083333 293.15 1000.00 71 1.492 2.665 3.015 998 3 5 6.183 7.553 7.6 11.065 13.270 15.205 17
1.166667 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.166667 293.15 1000.00 71 1.005 1.203 1.248 1.644 1.492 2.345 3.364 3.060 3.898 4.325 5.694 6.381 8.619 10.173 13
1.250000 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.250000 293.15 1000.00 71 0.914 1.279 1.233 2.420  3.000 5 6.228 8.038 9.573 10.697 13.051 14.772 17
1.333333 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.333333 293.15 1000.00 71 1.217 1.400 1.857 2.268 2.527 3.819 4.340 5.296 6.621 7.612 9.269 11.695 14.357 14.970 19
1.416667 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.416667 293.15 1000.00 71 1.294 1.765 1.964 2.299 2.892 3.532 4.995 6.121 6.969 8.582 10.304 11.099 14.688 15.300 18
1.500000 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.500000 293.15 1000.00 71 1.873 1.964 2.391 2.328 3.273 3.958 4.854 4.310 5.695 7.123 8.371 9.698 12.594 14.810 16
1.583333 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.583333 293.15 1000.00 71 2.405 2.756  3.562 777  4.793 6.271 5 8.663 10.563 11.918 13.866 13.717 16.462 18
1.666667 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.666667 3.15 1000.00 71 2.558 2.999 3.379 4.171  5.145 3  9.041  9.607 11.705 13.294 15.792 16.290 19.843 20.518 21
1.750000 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.750000 293.15 1000.00 71 2.680 3.135 3.912 4.611 5.252 5.784 7.245 9.193 9.807 10.523 12.633 14.049 17.123 17.452 20
1.833333 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.833333 293.15 1000.00 71 3.120 3.182 3.914 4.079 5.678 6.178 7.656 9.026 10.240 12.235 13.329 15.894 16.697 17.951 21
1.916667 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
1.916667 293.15 1000.00 71 3.395 3.304 4.004 5.024 6.272 7.034 9.117 9.590 10.581 12.332 13.469 15.107 16.672 17.482 18
2.000000 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
2.000000 293.15 1000.00 71 3.593 4.109 4.977 5.663 5 2 8.799 10.186 10.185 11.567 12.515 13.942 16.807 18.757 20
2.083333 293.15 1000.00 71 8.748 8.997 9.516 10.066 10.648 11.264 11.916 12.607 13.338 14.113 14.933 15.803 16.724 17.700 18
< i

Figure 5: Data format of a certain raw-file

The data format of a tab-separated raw-file is exemplified in the following:
Odd rows:

Starting time (Hour.Proportion of hour); mean on-site temperature (room temperature in
Kelvin, e.g. in the container); mean on-site atmospheric pressure (in hPa or mBar); number
of the subsequent columns; empty column; particle diameter (1% to n™ number of the
subsequent columns)

Even rows:

Starting time (Hour.Proportion of hour); mean on-site temperature (room temperature in
Kelvin, e.g. in the container); mean on-site atmospheric pressure (in hPa or mBar); number
of the subsequent columns; empty column; raw concentration in particles/ cm? (1% to n"
number of the subsequent columns)
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Figure 6: Data format of a certain dia-file

The data format of a comma-separated dia-file is exemplified in the following:

Starting time (Hour.Proportion of hour), “Sheathair:”,“flow”, sheath air flow rate (in liters per
minute), ,t”, temperature of the sheath-air (in °C), “rH”, relative humidity of the sheath-air (in
%), “Aerosol”, “flow”, aerosol flow rate (in liters per minute), “t”, temperature of the aerosol (in
°C), “rH”, relative humidity of the aerosol (in %), “Pressure”, measured atmospheric pressure
of the absolute pressure sensor (in hPa), “MAAP”, “t”, temperature of a 3. T/RH sensor (e.g.
MAAP), “rH”, relative humidity of a 3" T/RH sensor (e.g. MAAP), “Sensor4”, “t”, temperature
of a 4™ T/RH sensor, “rH”, relative humidity of a 4™ T/RH sensor, “total CPC”, Particle
number concentration of an external CPC (optional), “TD”, status parameter for an external
thermodenuder (0=OFF, 1=ON); (optional), “Zero”, status parameter of Zero air
measurement (0=OFF/inactive, 1=ON/active); (optional), “Screen”, status parameter of
diffusion screen measurement (0=OFF/inactive, 1=ON/active); (optional), “Service”, status
parameter for pushed service button (0=OFF, 1=ON)
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0.000000, sheatha: flow,4.99,t,17.81,rH,18.8,Aerosol:,flow,0.964,t,17.02,rH,28.7,Pressure:,993 .82,rH,22.0,sensor4:,t,0.00,rH,0.00,total CPC,000.0,TD,0,Zer 4
0.083333,sheatha’ flow,5.01,t,17.74,rH,18. 8,Aerosol:,flow,0.967,t,16.97,rH,28.8,Pressure:,991. .83,rH,22.6,sensor4:,t,0.00,rH,0.00,total ¢cPC,000.0,TD,0,Zer
0.166667 ,sheathair:,flow,5.02,t,17.73,rH,19.0,Aerosol:,flow,0.958,t,16.96,rH,29.2,Pressure:,992. .78,rH,22. :,t,0.00,rH,0.00,total ¢€PC,000.0,TD,0,Zer
0.250000, sheatha flow,5.01,t,17.69,rH,19.0,Aerosol:,flow,0.987,t,16.94,rH,28.6,Pressure:,993. AL PR 22 t,0.00,rH,0.00,total ¢pPC,000.0,TD,0,Zer
0.333333,sheathair:,flow,5.01,t,17.69,rH,19.0,Aerosol:,flow,0.973,t,16.91,rH,28. 8,Pressure:,993. .72,rH,22. t,0.00,rH,0.00,total CPC,000.0,7D,0,Zer
0.416667 ,Sheatha flow,5.01,t,17.69,rH,19.0,Aerosol:,flow,0.925,t,16.89,rH,28. 3,Pressure:,993. .69,rH,22. ,0.00,rH,0.00,total cPC,000.0,TD,0,Zer
0. 500000, sheatha flow,5.00,t,17.66,rH,19.1,Aerosol:,flow,0.971,t,16.88,rH,28.7,Pressure:,992. .68,rH,22. ,0.00,rH,0.00,total ¢pPc,000.0,TD,0,Zer
0.583333,sheatha flow,5.01,t,17.63,rH,18.8,Aerosol:,flow,0.921,t,16.85,rH,29.1,Pressure:,993. .62,rH,22. ,0.00,rH,0.00,total ¢pPc,000.0,TD,0,Zer
0.666667 ,5heatha’ flow,4.99,t,17.63,rH,19.0,Aerosol:,flow,0.964,t,16.84,rH,28.9,Pressure:,991. .63,rH,22. ,0.00,rH,0.00,total cpPc,000.0,TD,0,Zer
0.750000, sheatha’ flow,5.00,t,17.60,rH,19.0,Aerosol:,flow,0.977,t,16.81,rH,29.1,Pressure:,992. .61,rH,22. ,0.00,rH,0.00,total ¢PC,000.0,TD,0,Zer! |
0.833333,sheatha flow,5.01,t,17.55,rH,19.0,Aerosol:,flow,0.955,t,16.78,rH,29.2,Pressure:,992. .59,rH,22. ,0.00,rH,0.00,total ¢cPC,000.0,TD,0,Zer
0.916667 ,5heatha: flow,4.98,t,17.56,rH,19.0,Aerosol:,flow,0.954,t,16.76,rH,29.1,Pressure:,992. .56,rH,22. ,0.00,rH,0.00,total ¢pPC,000.0,TD,0,Zer
1.000000,sheathair:,flow,5.02,t,17.52,rH,19.0,Aerosol:,flow,0.961,t,16.74,rH,28.7,Pressure:,991. .52,rH,22. ,0.00,rH,0.00,total ¢€PC,000.0,TD,0,Zer
1.083333,sheathair:,flow,5.00,t,17.48,rH,19.1,Aerosol:,flow,0.968,t,16.70,rH,29. 3,Pressure:,991. .50,rH,23. ,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
1.166667 ,Sheatha: flow,4.99,t,17.47,rH,19.0,Aerosol :,flow,0.985,t,16.70,rH,28.9,Pressure:,992. .51,rH,22. ,0.00,rH,0.00,total cPC,000.0,7D,0,Zer
1.250000, sheatha flow,4.99,t,17.45,rH,19.0,Aerosol : ,flow,0.984,t,16.68,rH,28.8,Pressure:,989. .50,rH,22. ,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
1.333333,sheatha flow,4.99,t,17.45,rH,19.0,Aerosol:,flow,0.901,t,16.63,rH,29.1,Pressure:,991. .42,rH,22. ,0.00,rH,0.00,total cpPc,000.0,TD,0,Zer
1.416667 ,sheatha flow,5.00,t,17.44,rH,19.0,Aerosol:,flow,0.968,t,16.61,rH4,29.1,Pressure:,992. ,0.00,rH,0.00,total ¢PC,000.0,TD,0,Zer
1. 500000, sheatha flow,5.02,t,17.38,rH,19.0,Aerosol:,flow,0.968,t,16.57,rH,29.1,Pressure:,991. ,0.00,rH,0.00,total ¢pPc,000.0,TD,0,Zer
1.583333,sheatha flow,4.99,t,17.31,rH,19.0,Aerosol:,flow,0.965,t,16.51,rH,28.7,Pressure:,991. ,0.00,rH,0.00,total ¢Pc,000.0,TD,0,Zer
1.666667 ,5heatha’ flow,4.98,t,17.26,rH,19.1,Aerosol:,flow,0.936,t,16.48,rH,28.9,Pressure:,992. ,0.00,rH,0.00,total ¢PC,000.0,TD,0,Zer
1.750000,sheatha’ flow,4.99,t,17.20,rH,18.9,Aerosol:,flow,0.955,t,16.43,rH,28.5,Pressure:,993. ,0.00,rH,0.00,total ¢cPC,000.0,TD,0,Zer
1.833333,sheatha flow,5.01,t,17.13,rH,18.9,Aerosol:,flow,0.982,t,16.35,rH,28.7,Pressure:,991. ,0.00,rH,0.00,total ¢pPC,000.0,TD,0,Zer
1.916667,Sheathair:,flow,4.99,t,17.09,rH,19.0,Aerosol:,flow,0.964,t,16.31,rH,28.6,Pressure:,993. .2,sensor4:,t,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
2.000000,sheathair:,flow,5.00,t,17.02,rH,19.0,Aerosol:,flow,0.982,t,16.27,rH,28.5,Pressure:,991. .6,sensor4:,t,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
2.083333,sheatha flow,5.02,t,16.95,rH,19.0,Aerosol:,flow,0.964,t,16.19,rH,29.1,Pressure:,990. .5,Sensor4:,t,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
2.166667 ,sheatha: flow,5.00,t,16.91,rH,19.0,Aerosol:,flow,0.948,t,16.14,rH,29.1,Pressure:,992. .2,Sensor4:,t,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
2.250000, sheatha flow,4.99,t,16.84,rH,19.0,Aerosol:,flow,0.978,t,16.09,rH,29.2,Pressure:,992. .9,sensor ,0.00,rH,0.00,total cPc,000.0,TD,0,Zer
2.333333,sheatha flow,4.99,t,16.76,rH,19.0,Aerosol:,flow,0.985,t,16.02,rH,29.1,Pressure:,992. 8,5ensor ,0.00,rH,0.00,total ¢Pc,000.0,TD,0,Zer
2.416667 ,Sheatha’ flow,5.00,t,16.73,rH,19.1,Aerosol:,flow,0.944,t,15.97,rH,29.2,Pressure:,992. 6,5ensor. ,0.00,rH,0.00,total ¢Pc,000.0,TD,0,Zer
2.500000, sheatha’ flow,5.00,t,16.66,rH,19.2,Aerosol:,flow,0.968,t,15.92,rH,29.2,Pressure:,991. 1,Sensor ,0.00,rH,0.00,total ¢pPc,000.0,TD,0,Zer
2.583333,sheatha’ flow,4.99,t,16.60,rH,19.2,Aerosol:,flow,0.914,t,15.85,rH,29.8,Pressure:,991. 5,5ensor ,0.00,rH,0.00,total ¢pPc,000.0,TD,0,Zer
2.666667 ,5heatha flow,4.99,t,16.58,rH,19.2,Aerosol:,flow,0.965,t,15.84,rH,30.0,Pressure:,991. 9,5ensor ,0.00,rH,0.00,total ¢PC,000.0,TD,0,Zer
2.750000, sheatha: flow,5.01,t,16.57,rH,19.3,Aerosol:,flow,0.943,t,15.81,rH,29.1,Pressure:,991. .4,sensor t,0.00,rH,0.00,total cPC,000.0,TD,0,Zer
2.833333,sheathair:,flow,5.00,t,16.50,rH,19. 3,Aerosol:,flow,0.953,t,15.77,rH,29.2,Pressure:,988. .8,sensor4:,t,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
2.916667 ,sheathair:,flow,4.98,t,16.52,rH,19.2,Aerosol:,flow,0.961,t,15.76,rH,29.1,Pressure:,992. .8,5ensor4:,t,0.00,rH,0.00,total cpPC,000.0,TD,0,Zer
3.000000, sheathair:,flow,5.01,t,16.51,rH,19.2,Aerosol:,flow,0.959,t,15.71,rH,29.7,Pressure:,991. .0,Sensor4:,t,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
3.083333,sheatha flow,5.00,t,16.44,rH,19. 3,Aeroso]:,flow,0.934,t,15.68,rH,29. 8,Pressure:,991. .1,Sensor: ,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
3.166667 ,5heatha flow,4.98,t,16.42,rH,19.3,Aerosol:,flow,0.982,t,15.65,rH,29.3,Pressure:,988. .4,sensor ,0.00,rH,0.00,total ¢Pc,000.0,TD,0,Zer
3.250000,sheatha flow,5.00,t,16.40,rH,19.2,Aerosol:,flow,0.950,t,15.62,rH,29.1,Pressure:,991. .9,sensor ,0.00,rH,0.00,total ¢pPc,000.0,TD,0,Zer
3.333333,sheatha flow,4.99,t,16.35,rH,19. 3,Aerosol:,flow,0.954,t,15.59,rH,28.9,Pressure:,992. .5,5ensor ,0.00,rH,0.00,total ¢Pc,000.0,TD,0,Zer
3.416667 ,sheatha flow,4.99,t,16.31,rH,19. 3,Aerosol:,flow,1.007,t,15.55,rH,29.2,Pressure:,992. .1,sensor ,0.00,rH,0.00,total ¢PC,000.0,TD,0,Zer
3. 500000, sheatha flow,5.01,t,16.23,rH,19. 3,Aerosol:,flow,0.975,t,15.50,rH,29.2,Pressure:,991. .8,sensor t,0.00,rH,0.00,total cpPc,000.0,TD,0,Zer
3.583333,sheatha flow,5.00,t,16.14,rH,19.4,Aerosol:,flow,0.916,t,15.45,rH,29.1,Pressure:,992. .5,5ensor. t,0.00,rH,0.00,total cpc,000.0,TD,0,Zer
3.666667 ,Sheatha flow,5.00,t,16.13,rH,19. 3,Aerosol:,flow,0.931,t,15.41,rH,29. 3,Pressure:,992. .7,5ensor t,0.00,rH,0.00,total cPC,000.0,TD,0,Zer
3.750000, sheatha ,flow,5.02,t,16.12,rH,19.2,Aerosol:,flow,0.910,t,15.36,rH,29.7,Pressure:,993. .2,sensor4:,t,0.00,rH,0.00,total CPC,000.0,TD,0,Zer
3.833333,5heatha flow,5.01,t,16.08,rH,19.4,Aerosol:,flow,0.904,t,15.32,rH,29.9,Pressure:,991. .3,sensor4:,t,0.00,rH,0.00,total CpPC,000.0,TD,0,Zer
3.916667 ,Sheathair:,flow,4.99,t,16.07,rH,19. 3,Aerosol :,flow,0.953,t,15. 30,rH,29. 3,Pressure:,991. .0,sensor4:,t,0.00,rH,0.00,total €PC,000.0,TD,0,Zer
4.000000, sheathai flow,5.02,t,16.04,rH,19.2,Aerosol:,flow,0.943,t,15.24,rH,29.2,Pressure:,991. t,1 .5,sensor4:,t,0.00,rH,0.00,total cPC,000.0,TD,0,Zer
4.083333, sheathai flow,5.01,t,16.00,rH,19.4,Aerosol:,flow,0.940,t,15.21,rH,30.3,Pressure:,991.5, t,0.00,rH,0.0,Sensor4:,t,0.00,rH,0.00,total cpc,000.0,TD,0,Zero,
4.166667 ,sheathair:,flow,5.01,t,15.98,rH,19.4,Aerosol:,flow,0.927,t,15.18,rH,29.2,Pressure: ,991.6,MAAP:,T,14.99,rH,23.1,Sensor4:,t,0.00,rH,0.00,total ¢PC,000.0,TD,0,Zer ~





4.2.Data handling und Inversion

4.2.1. Evaluation procedure for particle number concentration in “Bavaria-
Hesse format”

Particle number concentrations stored in the data format “Bavaria-Hesse format” are
calculated by two evaluation procedures called ,SMPS-BY_HESS“ and ,SMPS-
BY_HESS_2“. The user manuals are attached electronically to the programs.

4.2.2. Evaluation procedure for particle number size distribution in “TROPOS-
format”

An evaluation procedure called DMPS-Inversion-2.13.exe converts raw data (*.dia and *.raw)
into real particle number size distributions. DMPS-Inversion-2.13.exe was written and
compiled with LabView, version 8.5.1 and runs with LabView’s Runtime Engine version 8.5.1
or higher. Actually, DMPS-Inversion-2.13.exe is compatible with *.dia and *.raw-files
generated by the data acquisition and control software (Scan.exe) up to version 4.5.x. Raw
data generated by a Scan.exe version 4.6.x or higher are not compatible to DMPS-Inversion-
2.13.exe.

Initially, the following subfolder structure (cf. Figure 7) should be created in a folder above
called, e.g. DATA.

EREEN T
@@v| « SMPS-Inversion 2.13LV85 » DATA » ~ [ 42 | [ DATA durchsuchen o
Organisieren v Freigeben far v Brennen Neuer Ordner s v [l L@J
(A A A 1 [ I S
00_dia 00_raw 01 fl1 01 ral 02 flg 02_ra2 03_ra3 09_ein
il dl @l & ¢
10_in0 11.inl 12_in2 13_in3 30_plt
N

Figure 7: Pattern for the folder DATA for DMPS-Inversion-2.13.exe.
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Copy the relevant raw data from the TROPOS-SMPS (*.dia, *.raw) in the respective
subfolders called 00_dia and 00_raw. All evaluation parameters were adjusted in the device-
specific Excel® ini-file. To evaluate data stems from a TROPOS-SMPS, use the parameters
that are shown Figure 8. Depending on the specific design of the TROPOS-SMPS only a
small number of parameters have to be adjusted:

- Adjust the data path of the folder DATA in the field ,Root directory”

- Adjust the column prefix for all rows below ,DIRECTORY INFO*

- Adjust the column length of pipe [m] for “Particle losses segment 1, 2, 3...”
- Adjust the column flow [I/min] for “Particle losses segment 1, 2, 3...”.
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% INITIAUISIERUNGSDATEI FUR TDMPS-SMPS-AUSWERTUNG DATENTYPEN

%
% SMPS Annaberg-Buchholz (40 BINs)

% [Gleitkommazahl __Jo8 ]
%

%

%

DIRECTORY INFO

oot vecions o U ASCR AT Avsweetool P Inversion 235 e 5\oATA |

% save output? subfolder prefix ile type
[Raw mobility distributions] [SMPS_Anna_20 .raw.
[Raw diagnostics parameter] SMPS_Anna_20 .dia
[Mobility distributions LEVEL 0] SMPS_Anna_20 .ral
[Diagnostics parameter LEVEL 0] SMPS_Anna_20 i1
[MD with flow correction] SMPS_Anna_20 .ra2
[Flagging] SMPS_Anna_20 flg
[MD after overlap adjustment] SMPS_Anna_20 .ra3
[Last MD before inversion] SMPS_Anna_20 -ein
[First size distribution after inversion] SMPS_Anna_20 .in0

[SD LEVEL 1] SMPS_Anna_20 Lin1
[SD LEVEL2] SMPS_Anna_20 .in2
[PLT for contour plot] [SMPS_Anna_20 plt

BASIC EVALUATION SETTINGS
TDMPS (ON), DMPS/SMPS (OFF)?
Write new overlap file?
Directory of overlap file

Type of overlap correction

Time format raw MD

‘Quotient from daily average (Auto)"
‘Julian Day (JD)"

0=0FF

9% in Tagen

9% in K

% in Tagen

SMPS (*.dia)"

0=no correction

“Quotient from file (own analysis)"
"hours (hh.xx)"
1=Remove redundant TAB

2="hours (hh.mm)"
Remove redundant TAB? 2=Add column for pressure
Time increment (days) raw SD

Temp increment (K) raw SD

Time increment (days) raw DP

File format raw DP

Type of conc. adjustment

Eliminate bad dataimmediately?

Settings DMA transfer fct. (only TDMPS)
Apply DMA-factor in TDMPS?

DMA factor

DMA factor range

Reduce number of bins before inversion
Merge to the half number of bins?

Settings Extrapolation

Activate mobility distribution extrapolation?
Moving average window width

Number of bins in extrapolation

New maximum diameter in nm

READING DIAGNOSTIC PARAMETERS
Number of diagnostic parameters

% Minimum
[Aerosol inlet flow]

[DMA sheath flow]

[Temp aerosol inlet flow]

[Temp DMA sheath flow]

[RH aerosol inlet flow]

[RH DMA sheath flow]

DATA EVALUATION PARAMETERS
Multiple charge inversion

"SMPS (*.dia) from TSI"
=linear correction with flow

TDMPS (*.flw)"
2=squared correction with flow

1=DMA 2=full size range

Optimum Maximum

Activate multiple charge correction? DMA parameters flow ratio A0
Type of charge 0= negative charge (STANDARD) 1=positive charge (e.g. TSI) Vienna short (11 cm) (TDMPS; 20:2) 0.1
DMA transfer function parameter AQ Vienna medium (28 cm) 5:1 Viennamedium (28cm)  (SMPS; 5:1) 0.2

DMA transfer function parameter DO
cP-efficiency (scalar)
Activate scalar CPC efficiency correction?
Scalar CPC efficiency
Directories for correcting functions
Activate correction function 12
File path correction function 1
Activate correction function 22
File path correction function 2
Activate correction function 3?
File path correction function 3
Activate correction function 47
File path correction function 4
COMMENT
Particle losses segment 1
Particle losses segment 2
Particle losses segment 3
Particle losses segment 4
Particle losses segment 5

i CPC effici
Standardise T & p
Activate T & p standardisation?
Mean ambient pressure at the station (hPa)

9 Hier nur noch null eintragen! Vienna medium (28 cm)

TSI Long

(SMPS; 5:0.5) 0.1
(SMPs;5:1) 0.2

Dies ist ein Wirkungsgrad und sollte in der Regel <= 1 sein

Effektive Langen
Vienna short (11 cm)
Vienna medium (28 cm)
TSl Long

4.6m
4.6m
71m
length of pipe (m) flow (/min) Name of element

Verluste Einlass bis Verteiler
Verluste Verteiler bis System
Interne Verluste Standard-SMPS
Vienna-DMA medium

Verfiigbar: 3010, 3025, 3772

% Hier bitte immer Werte eintragen

Altitude of the Station (m)

Mode of pressure correction

Mean temperature in the station (K)
Mode of temperature correction
Convert size distributions to new grid
Activate new grid binning?

New grid Dp start (nm)

New grid Dp end (nm)

New grid number of bins

New grid interpolation type

Output 2D matrix for graphical display
Activate matrix output?

Matrix output lower margin

Matrix output upper margin

Matrix replace missing values

Matrix minimum quota

Matrix number of daily points

END ANALYSIS ADJUSTMENTS

END INITIALIZATION

% Hier bitte immer Werte eintragen
tationsdruck (konstant)

% Hier bitte immer Werte eintragen
emperatur (konstant)

0 = nearest neighbour

1= Hohe der Station (konstant) 2= Luftdruck aus *.raw-Datei

1=Temperatur aus *.raw-Datei

1=linear 2=spline 3 =cubic Hermi

Figure 8: Example of an Excel ini-file to initialize the DMPS-Inversion-2.13.exe.

Store the Excel ini-file as a tab-separated txt ini-file by preserving the file name.

4=lagrange

The user interface of the program appears after double-click on DMPS-Inversion-2.13.exe.
Insert the path of the txt ini-file in the field “Read INI file* (cf. Figure 9) and insert the acronym
of the operator or the operator name in the field ,User name®. Start the program by click on
the grey arrow (showing to the right direction) in the menu bar.
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Read INI file L F\Projektet ILTRASCHWARZ Auswe rtetool s\SMPS-Inversion 2.13_LvE.5\NI-Dateien' SMP SN Annaberg-Buchholz 2,136 = ]

Evaluation of Particle Size Distributions V2.13‘ as12 User name (0N e e 1t

File progress indicator

Root Directory| g Fpyojekte L TRASCHWART Auswertetnols\SMPS-Tnversion 2.13_LVE.S\DATA 120201
Subfolder prefix| Lsuffix| Save output?

00_rawnit, SMPS_Enha_? [~ [— mobility files

00_diz, P Anna_l Bl o diagnostic files

0L ralt [SMPS_Anna_2 | reformatted mob. files

LT, SMPS_Anna_2 | reformatted diagn. files

02_ra2y 'S_'.MPS_Anna_Z i mobi\ity files 2

02 flgy SMPS_Anna_2 | flagging file

03 ra3, SMPS_Anna_2 | mobility files 3

03_eint SMPS_finna_2 | mobility files 4

10_inf, [sMPS_Anna_z | inverted files 1

11 ind SMPS_Anna_2 | *corrections

12 inn, NPT fnna 2 ’—_‘ + normalisations

B0_pit, ShMPS_Anna2 - for graphical output

Dpinnm

Basiseinstellungen
CCE)TDMPS(ON)J DMPS/SHPS (OFF) Art der Oberlappkorrektur Einstellung Geriteparameter

o) Schreibe neve UL-Datel? Quatient aus Tagesmittel (AUTO) - { A Toleranzbereiche fir Gerdteparameter|

Dater it Uberlappfaktor (AUTO; Ausgabe; (L-Analyse: Eingabe) o |[erosol inletflow]  Mame 14 Spafe.. 1662 §  Zehleinzulesender Parameter
4 No path 080 Min] J100 ol J110  Mad] Kemmung [0 | ogischer Kanal Acrosolfluss DM

Einstellung Rohdatenumfarmatierung| I[DMA sheath flow] Mame |1 Spajte., 662

490 mh.nn Soll| 1510 Max] Kennung

2 Logischer Kanal Aerosolfluss UDE

1 I‘u\/limpulatmn von Spalten Teitformat Rohdaten (*.raw) Karrektur der Kanzentration
P Eeine - durch real gemessenen Aerosolfluss?
1: Erase empty colurnn in SMPS *.raw data hours (hh o) T' I[Temp aerosol inlet Mame |5 Spajte., 664 . 5
) ; no cotrection v
2: &dd durnmy columns for p & T in APS data| l—IU.UU Min I_ZD.DD ol |—3D‘DD Mo SR _ — :
0.00 Erhihe Datum (Taged: Mur bei mehrjshrigen Zeitreihen| COFF) Elirniniere sofort Daten, die
=" dievorgegebenen Bereiche
T D& sheath M . :
A Erhishe Temperatur (Default: 0, bei T-Angabe in °C: +273.15)] |[Ternp D shes ame 2 Spafte., 664 fiir Gerateparameter nicht

w00 Min| Jz000  sol| J30.00 Max| Kennung erfiillen? (Default: OFF)

I[RH aerosol inlet flow] Mame 16 Spalte... 668
0.00 Erhiihe Datumn: Bei mehrjshrigen Zeitrei  SMPS (i dia) le bov Min IQS.DD =| oo ;|

Einstellung Roh-Gersteparameter-Limformatierung|

OFF i)
i flator (DM 1,5 8berhalb OMB) & fzu skalierender Bereich (Default: oberhalby| Skalierfaktor bei TOMPS LG . tende diesen Faktoron (rur TOMPS) Neue Variablen
1 Flussverhsltnis DIMA 51
T EORE s Particle losses in larninar flow
Einstellungen Auswertung il M es /) i
(nach OL)|  Settings Extrapolation|  Mehrfachlad; Spezifikation neues Gitter| Standard T & pl| Korrekturfaktor (nach berlapp) ; | 1500 tube length (m)| |16 Flow (1/rain) g
Multiplikator| MA Breite Ladung Dp Start o Stationsdruck (hPa)| Halbierung der Zahl der Dp-Kansle I 100 tube length (my |1 Flow (1) =
1 0 negativ (FT-Standard) vl 1 1010
Trennung R EIEn] | exrspolation Z
bei Bin-Mir, Ietzte verw Bins| el Dp Stopp (| (m)| £ 385 tube length e/ Flow (/i)
0 0 2 U 800 545 | Mehrfachladungsinversion 7
BT FrerrE e e R P tra e e T 10N ") Acthvate Standardised CPC effciency corectian|
P - | = T sutonshohe il Berticksichtige skalare CPC-Effizienz ol oo
Interpolati Beriicksichtige Partikelverlust v
e DA parameters flow ratio A0 ¥t Sitianstemp (] SEEe s nee e
Vienna short (L1 crm)  (TDMPS; 2002 0.1 linear. TI 29315 Urnrech ; Dp-Gitts 7
Wirkungsarad fdh, <= 1) Vienna medium (28 cm) (SMPS; 5:1) 0.2 o mrechnung auf neues Dp-Gitter
1 Vienna medium (28 cm) (SMPS; 5:0.5) TG
Tdlong (SMPS; 5:1) 0 stationsternp_ 5 | Urnrechnung auf Standard T & p
s wird empfohlen, DO = 0 {ideale Transferfunktion)
Datenpfade fir Verlustkorrekturen|  zu benutzen. mim | | (PLT-Datei) v
- untere Grenze
4 WPc g TD Dhih et ot — Yomuriagan n (vorszreu
| 2P g TD DA et it obere Grenze
1649
e g TD DA et =
setzen auf]
| AP g TD Dhid et = -9933
Mindestquote
20r fews. D DMA, et 1
40! few. i D DM, etcl Intenvallarzah pro Tag
iz
D! few. D DMA, et
D! few. D DMA, et
Unsit

Figure 9: Program window of DMPS-Inversion-2.13.exe

The program generates data of the particle number size distribution without technical and
final end validation. The unchecked data are stored on a daily basis in the folder 12_in2.
During the execution process, a log-file named Log DD-MM-YYYY_HH-MM.log is being
saved in the folder DATA that bears information about the evaluation parameters.

After that, the data is subject to a technical and final end validation by using the program
called Apply flagging (FLG) to SMPS data.exe. It converts unchecked *.in2-data into
technical and final end validated *.in3—data with the aid of *.flg—data reside in the folder
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02_flg. A pre-technical validation occurs during the first evaluation step applying the DMPS-
Inversion-2.13.exe. Numerical flag codes (cf. Figure 9) were set to the respective timestamp
in the *flg-fle when a measured parameter was outside a given tolerance range. The
numerical flag codes are described elsewhere (Wiedensohler et al., 2012). To end validate
the data, an arbitrary global flag code (> 0) should be added on the right next to the last
column in the respective row of the *.flg—file. One reason to add a global flag code is the
technical maintenance of the SMPS-TROPOS along with an influence of the measurements
by the technician.

7| SMPS_Anna_20120126flg - Editor = [ B S
Datei  Bearbeiten Format  &nsicht P

25.652 0.000 0.000 0.000 0.000 0.000 0.000 0.000 24.000 o
25.679 0.000 0.000 0.000 0,000 0.000 0.000 0,000 24,000

25.682 0.000 0.000 0.000 0,000 0.000 0.000 0.000 =
25.688 0.000 0.000 0.000 0.000 0.000 0.000  0.000

25.691 0.000 0.000 0.000 0,000 0.000 0.000 0.000

25.694 0.000 0.000 0.000 0,000 0.000 0.000 0.000

25.608 0.000 0.000 0.000 0.000 0.000 0.000 0.000

25.701 0.000 0.000 0.000 0,000 0.000 0.000 0.000

25.704 662.000 0.000 0.000 0.000 0.000 0.000  0.000

25.708 662.000 0.000 0.000 0,000 0.000 0.000 0.000

25,711 662.000 0.000 0.000 0.000 0.000 0.000  0.000

25.714 0.000 0.000 0.000 0,000 0.000 0.000 0.000

25.718 0.000 0.000 0.000 0,000 0.000 0.000 0.000

25.721 0.000 0.000 0.000 0.000 0.000 0.000 0.000

25.724 0.000 0.000 0.000 0,000 0.000 0.000 0.000

25.728 0.000 0.000 0.000 0.000 0.000 0.000  0.000

25.731 0.000 0.000 0.000 0,000 0.000 0.000 0.000

25.734  0.000  0.000 0.000 0.000 0.000 0.000  0.000 i
4 }

Figure 10: Data format of a certain flg-file with an added flagging code (e.g. 24.000)

| SMPS_Anna_20120126.in3 - Editor = | B e
Datei  Bearbeiten Format  Ansicht  ©

25.6825 203.1 045.0 40 10.000 11.189 12,520 14.008 15.674 17.538 10.624 21.057 24.568 27.490 30. «
25.6825 203.1 045.0 40 3.32E43 3.B5E4+3 4.54E43 5.20E+3 5.65E+3 5.53E+3 5.74E+3 5.45E+3 5.05E+3 3.85E+3 0.6
25.6876 203.1 045.0 40 10,000 11.189 12,520 14.008 15.674 17.538 10.624 21,057 24,568 27.450 30. %
25.6876 203.1 045.0 40 2.04E44 3.11E+4 3.74E+4 3.63E+4 3.54E+4 3.86E+4 4.67E+4 5.53E+4 5.61E+4 5.34E+4 4.0
25.6010 203.1 045.0 40 10,000 11.189 12,520 14.008 15.674 17.538 10.624 21.0957 24.568 27.490 30,
25.6000 203.1 945.0 40 9, 54E+3 1.06E+4 1.18E+4 1.33E44 1.20E+4 1.34E+4 1.42E+4 1.54E44 1.56E+4 1.45E+4 1.3
25.6043 203.1 045.0 40 10.000 11.189 12,520 14.008 15.674 17.538 10.624 21.957 24.568 27.490 30.
25.6043 203.1 945.0 40 8.65E+3 1.10E+4 1.28E+4 1.41E+4 1.76E+4 2.11E+4 2.10E+4 1.B7E+4 L1.66E+4 1.50E+4 1.3
25.6076 203.1 045.0 40 10,000 11.189 12,520 14.008 15.674 17.538 10.624 21.957 24.568 27.490 30,
25.6076 203.1 045.0 40 1.25c+4 1.60E+4 2.03E+4 2.77E+4 3.35E+4 2.7DE+4 1.64E+4 1.30E+4 1.21E+4 1.1064+4 1.1
25.7000 203.1 945.0 40 10.000 11.189 12,520 14,008 15.674 17.538 10.624 71.957 24.568 27.490 30.
25.7000 203.1 045.0 40 1.116+4 1.38E+4 1.73E+4 2.67E+4 3.17E+4 2.84E+4 2.43E+4 2. 0LE+4 1.66E+4 1.37E+4 1.2
25.7143 203.1 945.0 40 10.000 11.189 12,520 14,008 15.674 17.538 10.624 21.0957 24.568 27.490 30,
25.7143 203.1 945.0 40 1.B4E+4 2.30E+4 3.0LE+4 3.56E+4 4.10E+4 4.64E+4 4.85E+4 4.G0E+4 3.77E+4 2.64E+4 2.0
25.7176 203.1 945.0 40 10.000 11.189 12,520 14,008 15.674 17.538 10.624 21.0957 24.568 27.420 30.
25.7176 203.1 945.0 40 1.73E+4 1.82E+4 1.086+4 1.0LE+4 1.82E+44 1.53E+4 1.73E+4 1.556+4 1.40E+4 128644 1.2
25.7200 203.1 045.0 40 10.000 11.189 12.520 14,008 15.674 17,538 10.624 21.057 24.568 27.490 30.
25.7200 203.1 945.0 40 1.07E+4 2.B4E+4 3.75E+4 3.0LE+4 3.40E+4 2.80E+4 2.26E+4 1.80E+4 1.71E+4 1.51E+4 1.3
4 L} 2

Figure 11: Data format of a certain in3-file
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i3 Wende Beflaggung (FLG) auf INV-Daten an.vi Frontpanel —

== < )

Datei  Bearbeiten Anzeigen Projekt  Ausfihren  “Werkzeuge Fenster  Hilfe

|ﬂ> |{§}| IE | 15pt Anwendungsschriftart |« ||$,;.v“ﬁv“ﬁv1

Mo, of accepted data points per file

Apply Flagging to DMPS data

L

Single flag file {if selected)

4 FYRTRNY
2 -
i
4.
Liste benutzen? EE
Q Q DATEI| i | QRemuve data if one of the flags is >U|
DRAPS source file path Extension (source)
|F:\Projekte\ULTRASCHWARZ\Auswertetoo\s\SMPS-Inversion 213 W8 S\DATANZ in2YEMPE Anna_20 | |.in2 | E
DrAPS target file path Extension (target)
|F:\Projekte\ULTRASCHWARZ\Auswertetools\SMPS-Inversion 213 L8 DATANLI in\SMPS_Anna_20 | |.in3 |
:."Iag source file path (in case of multiple flag files}:: Extension (flg)
|F:\Projekte\ULTRASCHWARZ\Auswertetools\SMPS-Inversion 213 LW DATANDZ flghShAPS_Anna_20 | |.f|g | Multiple flag files (0N} Q
Single flag file (OFF)

fs

4 T

Figure 12: Program window of Apply flagging (FLG) to SMPS data.exe

Start the program Apply flagging (FLG) to SMPS data.exe with double-click. Adjust the
parameters by pressing the buttons as shown in Figure 12. Insert the path name of the folder
12 _in2 in the field ,DMPS source file path®, insert the folder 13_in3 in the field ,DMPS target
file path®, and insert the folder 02_flg in the field ,Flag source file path (in case of multiple flag
files), respectively. Don’t forget to put the specific prefix (cf. Figure 8) at the end of the path
string. Start the program by clicking on the grey arrow (showing to the right direction) in the

menu bar.

Technical and end validated data of the particle number size distribution were generated by
the program and were stored in the folder 13 in3. An example of a *.in3—file is illustrated in
Figure 11. A *.in3-file has a double-spaced structure, where the particle diameter in
nanometers is given in odd rows and the normalized particle number concentration
dN/dlogDp is given in even rows. The first column indicates the proportion of the Julian day
of the year and the second and third column indicate the mean temperature and mean
barometric pressure for the on-site operational conditions. The fourth column indicates the

number of the following columns (particle diameter / number concentration).
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4.2.3. Evaluation steps for particle number size distribution in “NASA Ames-
format”

Parameters of particle number size distributions were permanently stored in data centers
such as EBAS or WMO GAW-WDCA in a format called NASA Ames 1001. Beyond that, the
parameters of particle number size distributions were stored in different evaluation steps
(Level O, Level 1, and Level 2). Level 0, Level 1, and Level 2 are documented in a separate
publication (Wiedensohler et al., 2012). Templates of Level O to Level 2 for particle number
size distributions can be found under URL www.gaw-wdca.org under Tab ,Submit Data“.

Level O to Level 2 files can be generated from the processed data by using supplementary
programs (not included in the delivery of the TROPOS-SMPS).

To generate Level O files, *.ral, *.fll and *.flg—files from the folders 01_ral, 01_fl1, and
02_flg are mandatory.

To generate Level 1 files, *.in2 and *.flg—files from the folders 12_in2 and 02_flg are
mandatory.

To generate Level 2 files, *.in3 and *.fll-files from the folders 13 in3 and 01 fl1 are
mandatory.

Special attention should be paid, to transform measured data into Coordinated Universal
Time (UTC).
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5. Maintenance

During maintenance of the TROPOS-SMPS or of the inlet system, press the service button
on the front panel of the data acquisition and control software (Scan.exe). The service button
is marked in Figure 13 with a red arrow. After a while (when the next measurement started) a
red bar with a label “Service Mode” appears on the front panel. During activated ,Service
Mode®, the status parameter for pushed service button in the “.dia—file is ,1“ (cf. Chapter 4.1).
After the maintenance activities have been completed, the service button should be pressed
again. The red bar “Service Mode* disappears.

®. Scan_46.vi o B

Current Scan * , Waiting

1.0E+4 D/A voltage

Numbx Volume
umber 0193
|6470 | 110.05
Diameter

Counting channel

S

Raw counts

2166
Service Mode Count time

1972
Raw concentration

Concentration array
a

Autoinvert Save data
— -

5908.3

dv/dlogDp | [ dN/dlogDp

linear| 7['log

L Service mode
100

diameter [nm] Averaglasts =(s)

Sheath flow Sheath air t Sheath air rH Aerosol flow Aerosol t Aerosol rH Air pressure 2 %

1023.89 Version4.6.5 (c) 2012 KT, . ~

Figure 13: Program window for data acquisition and control with activated service button
,oervice mode”,

5.1. Monthly maintenance plan
To fulfill the monthly maintenance plan use the testing equipment from Table 3.
5.1.1. Function control of the SMPS
The function control of the SMPS starts with a visual inspection as follows:

- High voltage power supply (green LED is on)
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- CPC-status LED display (green LED is on)

- Liquid level of Butanol storage bottle sufficient

- Program window for data acquisition and control opened / data are recorded

immediately

An overview of mandatory flow rates checks gives Table 5.

Table 5: Flow rate check of the TROPOS-SMPS

Set-point value

Remark

Aerosol flow rate

1 Liter/min (£5%)

Check flow on open end of 3-way valve
nearby aerosol inlet; any adjustment of
the flow is not possible

Sheath air flow rate

Set-point value in
Liter/min (£2%)

(Set-point value is
setting-up using a
200 nm size PSL
standard)

Integrate bubble flow meter in sheath air
closed loop as shown on the photo below

Wait a while until the downscan is nearing
completion ->

Rotate both 3-way valves simultaneously
about 180 degree >

Wait until the sheath air flow rate has
been stabilized >

Measure the sheath air flow rate with the
bubble flow meter
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Flow rate of the counter 1.5-2 Liter/min If necessary check and adjust on needle
flow of the aerosol Nafion valve
dryer (Pressurized air or
vacuum)
Flow rate of the counter Depends on the If necessary check and adjust on needle
flow of the sheath air dew point valve or pressure regulator
dryer (Pressurized air) temperature; at
least 5-10 Liter/min

- bl " R
X3 Loop blower - Measurement & Automat
File Edit View Tools Operate Help
4 &) My System B | QR v [ Hide Help
| 4[5l Data Neighborhood
a NI-DAQmx Global Virtual Channe ol [ Apply Value to Channel J (FBack 7
I Counter0 N - -
I ‘—’ DMA HV Loop blower 11 - Generating ||
| n_n Loop biower oc:_""e“t =
4—)
Totl Voltage
[ @ NI-DAmeTasks
» & Devices and Interfaces ;:ﬁ:;:e
> 44 Scales 8 ::(vfodmaifn
inds ol
» & Software aignals for
> il VI Drivers channels:
@ Remote Systems Configuration ® Single
samples,
Channel Settings including
DC
Details “ | Voltage Output Setup ;‘Iu.:’nals—
en
Loop blower Settings generating
single
samples,
Signal Output Range you can
m | use
Max ‘ 10‘ Custom z] softvare
Min | 0 ! or
hardvare
timing (if
available) T
<« [ »
- v
Terminal Configuration
<LetNI-DAQ Choose> [ Contest =
Custom Scaling - Help
o sc blower flow |z] ﬁ i o
displays
context
help. Move
the cursor
over a
:ontrol or
for
< M ] » ‘i NI-DAQmix Global Channel more
—— -

Figure 14: Measurement & Automation.exe—Program window to adjust and calibrate the
blower voltage
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A procedure is described below how to detect an error, when the aerosol flow rate deviates
more than 5% from the set-point value (1 Liter/min):

- Check the aerosol flow rate on the CPC inlet using a bubble flow meter
- Set-point value reached?
o If not: CPC problem — CPC for technical maintenance
o If so: Go one step further (possible leak upstream the CPC) |
- Switch blower off
o Start Measurement&Automation.exe
= Goto My System\Data Neighborhood\NI-DAQmx Global Virtual
Channels\Loop Blower (cf. Figure 14)
= Set 0 Volt (Click on button “Apply Value to Channel”)
= Press “Run” and afterwards press “Stop”
o The sheath air closed loop is stopped
- Set-point value reached on aerosol inlet?
o If so: Problem within sheath air closed loop —(possible leak)
o If not: Go one step further (possible leak upstream of the closed loop) |
- Bypass the DMA
o Connect the CPC directly behind the bipolar charger
- Set-point value reached on aerosol inlet?
o If so: Problem is within the DMA —(leaky, replace the O-rings)
o If not: Go one step further (possible leak upstream of the DMA) |
- Bypass the aerosol dryer
o Connect the CPC directly behind the Nafion® sample air dryer
- Set-point value reached on aerosol inlet?
o If so: Problem located between Nafion® sample air dryer and DMA inlet
—(tighten the tube fittings, be careful not to over-untighten the fittings)
o If not: Go one step further (problem with Nafion® sample air dryer) |
= Disconnect vacuum supply of Nafion® sample air dryer
= Plug lateral inlet and outlet of Nafion® sample air dryer
- Set-point value reached on aerosol inlet?
o If so: Nafion® sample air dryer has a leak — Nafion® sample air dryer for
technical maintenance
o If not: Contact TROPOS
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A systematical procedure is described for error detection below, if the sheath air flow rate

deviates more than 2% from the set-point value:

- Start Measurement&Automation.exe

;3 sc dma loop flow - Measurement & Automation Explorer E |

Goto My System\Scales\NI-DAQmxScales\sc dma loop flow (cf. Figure

15)

File View Tools Help

a @ My System
4[5l Data Neighborhood

= E

4 [z NI-DAQmx Global Virtual Channe | | Linear Scale ‘

iRt Counter0
i DMA HV
R Loop blower
R Total
> [l NI-DAQmx Tasks
&' Devices and Interfaces
4 44 Scales
4 (24 NI-DAQmx Scales

a4 sc aerosol flow
44 sc aerosol in rH
44 sc aerosol temp
44 sc barometer
a4 sc blower flow
44 sc dma loop flow
a4 schy
a4 sctH MAAP 3
a4 sc sheath air RH
4.4 sc sheath air temp
44 sc TSI3034
a4 scTT3
a4 sck aerosol flow
44 sck aerosol in rH

&1 Software

[ V1 Drivers

@ Remote Systems

< | m

Scaling Parameters

: Slope Y-Intercept
] 25
Resulting Equation
o Y=25X+0
0 10
Volts
Units
Pre-Scaled Scaled
Volts E 1/min
) l“ NI-DAQmx Scale
—_

sheath air flow rate (only slope of the calibration curve)

- Adjust slope value slightly
- Click on “Save” button
- Check the sheath air flow rate as shown in Table 5 (Be careful: The data acquisition

and control software (Scan.exe) considers any changes in
Measurement&Automation.exe before a new measurement begins)
o If sheath air flow rate is too low - reduce slope value
o If sheath air flow rate is too high - enhance slope value

- Shutdown the Measurement&Automation.exe
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5.1.2. Leak test of the TROPOS-SMPS

To check the TROPOS-SMPS for leaks, the delivered zero filter (filtration efficiency QA) is
plugged on the open end of the 3-way valve nearby the aerosol inlet. Wait at least three
measurements (approximately 15 minutes). Read the total particle number concentration
value from row ,SMPS* and column ,Number® from the front panel of the data acquisition and
control software. The total particle number concentration should not exceed 10 particles/cms,
otherwise the TROPOS-SMPS has a leak, or the CPC produces false counts.

If the value of 10 particles/cm? is exceeded find out the size range where false counts were

registered. This can be easily done be looking on the front panel of the data acquisition and
control software. Tighten all tube fittings using a suitable open-end or adjustable spanner.

Table 6: Leak check of the TROPOS-SMPS

Set-point value Remark

Zero-point behavior | Total particle number If the allowed concentration is exceeded,
concentration check the size range of the false counts
<10 particles/cm3

5.1.3. High voltage check up to 1000 Volts

The delivered adapter cable to connect high voltage power supply with the digital-multimeter
is needed to check the high voltage power supply of the TROPOS-SMPS. Pay special
attention during the high voltage check. Be sure that the power switch of the high voltage
power supply is switched-off when the adapter cable is plugged in and out. The high voltage
check is described below:

Start Measurement&Automation.exe
o Goto My System\Data Neighborhood\NI-DAQmx Global Virtual
Channels\DMA HV (cf. Figure 16)
Set “Max” Signal Output Range to 800m (800m means 800 mV)
Click on ,Save* button
Set 0 Volt (Click on button “Apply Value to Channel”)
Press “Run” and afterwards press “Stop”
o The DMA is now in a dead-voltage state
- Switch-off high voltage power supply on the front panel of the electronic unit
- Unplug the HV cable to the DMA on the rear of the high voltage power supply
- Connect the digital-multimeter (blue cable in black socket, red cable in red socket)
with connector on the rear of the high voltage power supply using the adapter cable
- Switch the digital-multimeter to direct current
- Switch-on high voltage power supply on the front panel of the electronic unit
o Insert step-by-step the voltages from Table 7 in the field next to “Apply Value
to Channel’
o Click on button “Apply Value to Channel”
o Press “Run” and afterwards press “Stop”

O O O O
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o Take a note of the values screened by the digital-multimeter
o Calibrate if necessary (see instructions below)
- Switch-off high voltage power supply on the front panel of the electronic unit, Unplug

the digital-multimeter and reconnect the DMA with the electronic unit

- Reset ,Max“ Signal Output Range to 10 (10 means 10 V)
- Click on “Save* button

- Shutdown the Measurement&Automation.exe
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Table 7: Voltages mandatory for HV check

more —

tomation.exe to check the high voltage of the DMA

Set-point value

Set-point value (multiplied by factor 1250)

Voltage oV OVvVz3V
0.004 V 5V +25%
0.008 V 10V + 25%
0.08 V 100 V + 10%
0.8V 1000V £ 1%
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A re-calibration of the HV is needed, if the measured voltages exceed the intervention
criterion defined as the set-point value + uncertainty. In the following, a calibration procedure
of the high voltage is described:

- Start Measurement&Automation.exe

o Go to My System\Scales\NI-DAQmxScales\sc hv or My System\Scales\NI-
DAQmxScales\sc DMA hv (cf. Figure 17)
Click on “Edit...“ button

(@]
H H “ 113
o Adjust values in column “Pre-Scaled Values
= . “* 13 H
o Confirm with “OK® and return to main menu
H [ “ H
o Click on “Save* button and repeat high voltage check procedure
o If necessary repeat all steps again until measured fits set-point voltage
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Figure 17: Measurement & Automation.exe to calibrate the high voltage of the DMA

5.1.4. Calibration of sizing accuracy with size standard and calibration of the
sheath air flow rate

The sheath air flow rate has a big influence on the sizing accuracy of the TROPOS-SMPS. A
size standard is used to determine the exact sizing of the instrument and therefore to
calibrate the sheath air flow rate. This procedure is performed using an ultrasonic nebulizer
(e.g.: PariBoy mobile S), pure water, and a 200 nm size standard. Build-up the ultrasonic
nebulizer according to the instructions and fill pure water in the water reservoirl Mix one
droplet of the size standard (1% solution polystyrene latex) with the pure water.
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Caution: If the TROPOS-SMPS is equipped with an optional diffusion screen measurement,
the valve in front of the inlet of the external CPC should be open to ambient, otherwise the
CPC will be clogged due to high particle concentrations.

The calibration of the sheath air flow rate is described in the following:

- Shutdown the Scan.exe-program

- Start Change Measurement Mode.exe or SizeRange.exe

- On a next step a window with the text “SMPS is set for LATEX scans.“ and a user
prompt appears. After confirmation with “OK* a second input window appears. Set the
pressure and the temperature of the actual on-site operational conditions (cf. Figure
18) in the appropriate fields.

MiniSetup V4.6 TT 2012/04/04 for Latex Scan

If you want to modify pressure/temperature set them below
and press calculate otherwise press Abort. Save Smps.xml after
new calculation calculation .

Modifications of pressure and temperature will only affect
Latex.

Ambient pressure [hPa] Ambient temperature [C]
é e ¢

| colate BN oot |

channel midpoints

Figure 18: MiniSetup—Program window to insert pressure and temperature for the size
standard measurement

- Go on by pressing the “Calculate” button, while another user prompt appears:

SMPS is set for LATEX scans.

Please restart the scan program
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- Confirm the window by pressing “OK*“ and the TROPOS-SMPS is now ready for the
size standard measurement

- Start the Scan.exe-program

- Turn-over the 3-way valve nearby the aerosol inlet

- Switch-on the ultrasonic nebulizer and keep the fog of the nebulizer near the open
end of the 3-way valve

- Wait at least one measurement

- Read the diameter from the x-axis, on which the particle size distribution has a local
peak value (see red arrow in Figure 19). The peak value should be nearby the exact
particle size of the size standard (cf. Table 8).

®. Scan_46.vi 1_|D T
Current Scan  12:54:48 ", Waiting * | Zero filter * , Diffusion screen
1.0E+6 D/A voltage

Numbe Volume
umoer Oolume 1240
238 087
Diameter

,;.5" %

Counting channel

167 B

Raw counts

73716

Count time
1971
Raw concentration

224402

Concentration array
A _—
ol oo |

Autoinvert Save data
— -

|
4
|
&

linear| || log

e
(=]
m
&

L Service mode

8

diameter [nm] Averag last scan(s)

Sheath flow  Sheathairt Sheath air rH Aerosol flow Aerosol t Aerosol tH Air pressure L8 &
Version 465 (c) 2012 IfT/TT
Figure 19: Program window for data acquisition and control during the measurement with the

size standard.

Table 8: Calibration of sizing accuracy with 200 nm size standard

Set-point value Remark
Size standard Particle size of the size standard | Attention should be paid to the real
(about 200 nm) size of the particles that is displayed
on the bottle.

- Adjust the slope value of ,sc dma loop flow* (cf. Figure 15) as long as the peak value
of the particle size distribution fits the particle size of the size standard
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- Caution: Changes in ,sc dma loop flow" and thus in Measurement&Automation.exe
were overtaken only once before a new measurement begins

- Measure the new sheath air flow rate and take a note of the new set-point value in
the logbook

- Switch over back to the standard measurement mode

- Start again Change Measurement Mode.exe or SizeRange.exe

- The following window appears:

e

The SMPS has been set to standard measurement mode.

Please restart scan program.

Besnee ud

- Confirm and close the window by pushing the “OK* button and restart Scan.exe

5.2. Annual maintenance

5.2.1. Check and calibration of the humidity sensors

- No specified procedure

5.2.2. Calibration of the sheath air flow rate (only Offset)

- Shutdown the Scan.exe-program
- Start Measurement&Automation.exe
o Go to My System\Data Neighborhood\NI-DAQmx Global Virtual
Channels\Loop Blower (cf. Figure 14 )
o Set 0 Volt (Click on button “Apply Value to Channel®)
o Click on “Save” button
o The sheath air closed loop is stopped
- Remove the black tube from the DMA
o The aerosol flow is stopped
- Start Measurement&Automation.exe
o Go to My System\Data Neighborhood\NI-DAQmx Tasks\tsk dma loop flow (cf.

Figure 20)

o Select “none” for Custom Scaling

o Press “Run”

o Read from the Table below the value in the column “Number® and row “SMPS”

o Repeat pressing the “Run”-button at least 4 times and read the values from
the Table

o Calculate a mean value

o Go to My System\Scales\NI-DAQmxScales\sc dma loop flow (cf. Figure 15)
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o Insert the mean value in “Y-Intercept*

o Click on the “Save* button

o Go again to My System\Data Neighborhood\NI-DAQmx Tasks\tsk dma loop

flow (cf. Figure 20)

o Select ,sc dma loop flow* for Custom Scaling

o Click on the “Save* button

- Shutdown the Measurement&Automation.exe
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Figure 20: Measurement & Automation.exe—Program window to adjust and calibrate the
sheath air flow rate (only intercept of the calibration curve).

5.2.3. Calibration of the pressure transducer

- Check the aerosol flow rate on the aerosol inlet during a regular measurement
(should be 1 Liter/min)
- At the same time take a note of the aerosol flow rate visualized in the Scan.exe-

program

- Start Measurement&Automation.exe
o Go to My System\Scales\NI-DAQmx Scales\sc aerosol flow

o Adjust ,sc aerosol flow" as long the measured value fits the visualized value in
the Scan.exe-program and press the “Save” button in the meantime
- Shutdown the Measurement&Automation.exe
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5.2.4. Cleaning the DMA

Equipment required: Propanol for cleaning
Hand towels
Cotton buds, (better: Cotton spiral)
Lint-free clothes
Particle-free pressurized air

Filter cartridges

- Removing and cleaning of the DMAs according to instruction*
- Exchange of the total particle filter (HEPA) in the sheath air closed loop

5.2.5. Calibration of the CPC and check of the saturator sponge inside the CPC

- The calibration of Condensation Particle Counter means the record of the detection
efficiency for particles < 40 nm by using an electrometer

- This can be done by the manufacturer TSI or TROPOS (fee)

- If the saturator sponge of the CPC has a yellowish/brown color it should be replaced
by a new one (new saturator sponges can be found in the spare part cases)

- Aninstruction of replacement of the saturator sponge can be found in the manual of
the CPC

* A manual for cleaning the DMA is attached in the appendix.
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Gas and Liquid Sample Filters (feeasorLowriouesans

Liquid Sample Systems

Balston Gas and Liquid Sample Analyzer Filters protect analyzers from sample
impurities by removing solids and liquids from gases with 99.9999% efficiency
at 0.01 micron. Balston Sample Filters offer liquid filtration to 0.3 micron or lower.
They are inert to most any gas or liquid. These filters offer long life between filter

element changes.

Models 9922-05, 9900-05, 9933-05, 4433-05

The 99XX-05 models are the smallest disposable filter (DFU) units with 11.7 ml
internal volume. These models are used for low flow gas or liquid applications.
The model 9900-05-BK has a color indicating feature that turns red when saturated
with oil. The 4433-05 model has 1/4” and 3/8” barb connection molded into the

inlet/oulet ports. 99XX-05 4433-05

Models 9922-11 and 9933-11

These models are used for applications similar to the smaller disposable filter
units. The 9922-11 and 9933-11 are ideal for applications that require greater
solids holding capacity and can tolerate the increased retention time.

Model 8833-11

These disposable filter units are used as continuous coalescing filters with a

third port serving as the drain, slip-stream, or by-pass port.

Filter Cartridge Description

8833-11 9922-11
X-Type Cartridges  Used for solids and relatively large amounts of suspended liquids in gases.
Provide excellent chemical resistance, temperature resistance to 300°F (150°C), Retention Eﬁiency
and good mechanical handling properties. These cartridges have thick walls for
improved coalescing efficiency. Should be used whenever permitted by housing Microfibre Filter Cartridges Gas Filtration Liquid Filtration
internal volume. Fluorocarbon Resin Binder. at 0.01 micron (98% retention)
Grades DX, DQ 93% 25 micron
Q-Type Cartridges  Used for solids and trace amounts of liquid in gases. Similar to X-Type cartridges Grades BX, BQ 99.99% 2 micron
in chemical and temperature resistance. Fluorocarbin Resin Binder. Grade AQ 99.9999+% 0.9 micron
Grade AAQ 99.9999+% 0.3 micron
Principal Specifications
Model # 9922-05 9900-05 4433-05 9933-05 9922-11 9933-11 8833-11
Inlet & Qutlet Ports  1/4” Tubing 1/4” Tubing 1st Tier 1/4” Tubing 1/4" Tubing 1/4" Tubing 1/4” Tubing
Barb 1/4” Tube
2nd Tier
Barb 3/8” Tube
Drain None None None None None None 1/4” Tubing
Material of Construction  PVDF Nylon Nylon Nylon PVDF Nylon Nylon
Filter Cartridge Length ~ 1.25" (3.2 cm) 1.25" (3.2cm) 1.25 (3.2cm) 1.25” (3.2cm) 2.25" (5.7cm) 2.25" (5.7cm) 2.25" (5.7cm)
Max. Temperature (1) 275°F (135°C) 230°F (110°C) 230°F (110°C) 230°F (110°C) 275°F (135°C) 230°F (110°C) 230°F (110°C)
Max. Pressure (2) 125 psig 125 psig 125 psig 125 psig 125 psig 125 psig 125 psig
Dimensions 1.0'Dx 3.25"L 1.0'Dx 3.25"L 1.0"Dx 3.43"L 1.0'Dx 3.25"L 14°Dx4.6°L 1.4Dx4.6"L 1.4'Dx4.6"L
(2.5cm x 8cm) (2.5cm x 8cm) (2.5cmx 8.72cm)  (2.5cm x 8cm) (3.6cm x 12cm) (3.6cm x 12cm) (3.6cm x 12cm)
Ordering Information To order, simply select the materials of construction most suitable for your application and filter grade.
Model # 9922-05 (3) 9900-05 (3)  4433-05(3)  9933-05(3)  9922-11(4)  9933-11(4)  8833-11 (5)
Box of 10 DFUs 9922-05-0 9905-05-0 4433-05-Q 9933-05-0 9922-11-0 9933-11-Q 8833-11-Q
Notes: 2 At110°F (43°C) 4 Available in Q and X Type Media
1 AtO0 psig 3 Available in Q-type media only 5 Available in X-type media only

1-800-343-4048 www.parker.com/balston





Gas and Liquid Filters (ot oG o Fain ).

Models 91S6, 95A, 95M, 95S6, 95T

These models are constructed of 316 stainless steel, Monel, PTFE, Aluminum and other
specialty materials. These filters are ideal for sampling applications, gas cylinders, and
chemical filtration.

Model 53
Model 53 housings are constructed of polypropylene which allows excellent resistance to 91%%::’;’5%5'“’

non-oxidizing acids such as HCL, sulfuric up to 70% saturation, brines, hydrocarbon lig-
uids, alcohols, and concentrated caustic. It is designed for a single LP-200 filter cartridge
in 5” and 10” lengths.

Ideal for Chemical
and Water Filtration

Model 54
Model 54 housings are used for filtration of water or mildly acidic

solutions at temperatures under 100°F. The housings have a polypropylene head and a
transparent styreneacrylonitrile bowl.

Retention Effiency
LP Cartridges (80% retention)

Filter Cartridge Description

Grade 10 75 micron
Designed to filter liquids with high solids contents. Have an integral prefilter and an Grade 20 25 micron
external support structure (flow direction is inside - to - outside). Grade 30 10 micron
Grade 50 1 micron
Principal Specifications 54/50, 53/50
Model # 9186 95A 95M 9586 95T 53/18 53/50 54/50
Inlet & Qutlet Ports (1) 1/8” NPT 1/8" NPT 1/8" NPT 1/8" NPT 1/8" NPT 3/8" NPT 3/4" NPT 3/4" NPT
Drain Port 1/8" NPT 1/8" NPT 1/8" NPT 1/8" NPT 1/8" NPT
Mat'l of Construction
Head 316SS (2) Aluminum Monel 316SS (2) Teflon (2) Polypropylene  Polypropylene  Polypropylene
Bowl 316SS (2) Aluminum Monel 316SS (2) Teflon (2) Polypropylene  Polypropylene  SAN
Internals 316SS (2) Aluminum Teflon 316SS (2) Teflon (2) Polypropylene  Polypropylene  Polypropylene
Seals Viton Viton Viton Viton Teflon/Viton EPR EPR EPR
Max. Temperature 400°F (204°C) ~ 200°F (93°C)  400°F (204°C) 400°F (204°C) 300°F (149°C) 125°F (52°C)  125°F (52°C)  125°F (52°C)
Max. Pressure 1500 psig (3) 2500 psig (3) 5000 psig (3) 5000 psig (3) 150 psig (3) 125 psig (4) 125 psig (4) 125 psig (4)
Shipping Weight 11b. (0.4 kg) 051b.(02kg) 11b.(0.4kg) 11b.(0.4kg) 051b.(0.2kg) 31b.(1.4kg) 41b.(1.8kg)  41b. (1.8kg)
Dimensions 1.5"Dx3.7L 1.8"Dx4’L 1.8"Dx4’L 1.8"Dx4’L 1.8'Dx4'L 5"Dx6.6"L 5"Dx12°L 5"Dx12"L
(3.8cmx9.4cm) (4emx10cm) (4emx10cm) (46cmx10.2cm) (4.6cmx102cm) (T1emx17cm)  (13cemx30cm) (13 cmx 30 cm)

i i To order, simply match pipe size, pressure capacity, and materials of construction of one of the above filter housing options to your ap-
Ordermg Informatl on plication. Final step: select filter grade based on required filtration efficiency and order a box of 10 filters.

Model # 9136 95A 95M 9536 95T 53/18 53/50 54/50
Support Core Required
for Liquid Filtration Included Included Included Included Included N/A N/A N/A
Filter Cartridges (box of 10) 050-11-0@  050-11-Q  050-11-0  050-11-  050-11-aQ  LP-200-18-0Q  LP-200-50-0  LP-200-50-0
Use only these
filter types Q Q Q Q Q
See page 6 for description of Q-type filter
Notes:
1 Also available with 1/4” NPT ports. To order 2 Constructed of materials which comply with 3 Maximum pressure ratings are for tempera- 4 Maximum pressure ratings are for tempera-
with 1/4” NPT ports, use designation Model NACE Specification MR-01-75. Request tures to 200°F (93°C). Please consult factory tures to 125°F (52°C). Please consult factory
95S6-1/4, etc. certificate of compliance. for maximum pressure ratings at elevated for maximum pressure ratings at elevated

temperatures. temperatures.
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