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Unit Description Sheet
Caomplete Model Number:

Serial Number:
Kurz Order Number:
. Customer P. O. Number:
Gas Calibration: D Air
[:] Other (specify):
Calibration Reference Temperature:
[ standard (25° C, 7° F)
D Other (specify):
Calibration Reference Pressure:
[ standard (760 mm Hg, 29.92 in Hg)
[l Other (specity):
. Velocity Range: [ 10-100SFPM  0-1.5 SMPS
- [ 10-300SFPM  0-6 SMPS
[ J0-1250 SFPM  0-15 SMPS
[_]0-2,500SFPM  0-30 SMPS
[_10-6,000 SFPM. 0-60 SMPS
] 0-12,000 SFPM
. ‘ D Other (specify):
Engineering Units: [:] SFPM
] scrm/tt?
(] bs mass/min/ft®
[ ]scFM
[ ]1bs/min
[ ]smps
[ ] Other (specify):

Line or Duct Size (for SCFM and lbs/min only):




Power Supply Input: D Standard (18-24 Vdc)
D Other (specify):
Output Signal: [:I Standard (linear 0-5 Vdc)
[__]Isolated 4-20 mA
|__|Non-Isolated 4-20 mA
D Other (specify):
| Probe & Sensor: D Custom Probe Length (specify):
[ Custom Probe Cable Length (specify):
] Teﬂoﬁ-Coated Sensor
] Epoxy-Coated Sensor
D Other:
High Temperature Applications:
D HT Rated to 250° C :
Electronics Enclosures: [:_—_] 437 Board Included in One-PiecePackage
" [JNone - Unmounted 437 Circuit Board
D 437 Board Mounted in NEMA 1 Enclosure
[__]437 Board Mounted in Rack-Module, 1.4"
[__]437 Board Mounted in Rack-Module, 2.8"

' ' [_]19" Rack Chassis with Guides
- [ Bench Enclosure for 19" Rack Chassis
Power Supply: [ ]191-2.4 Amp 115 VAC 50/60 Hz Power Supply -

[ ]191-4.8 Amp 115 VAC 50/60 Hz Power Supply
[_]191- 12 Amp 115 VAC 50/60 Hz Power Supply

[ ] Rack Mounted 191 115 VAC 50/60 Hz Power Supply
[__1220VAcC 50 Hz Operation of 191 Power Supply Above

Displays: ~ [ Multi-Channel LCD Display
Alarm: o | D Model 111 Dual Alarm Board
Totalizers: DTotalizer

D Resettable Totalizer

Safety Circuit [ ]sensor Safety Circuit
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Warranty Statement
The Kurz Model 430DC and Model 435DC DC-Powered Air Velocity Transducers are warranted to be free

from defects in material or workmanship for one year from the date of shipment from the factory. Kurz’s
obligation is limited to repairing, or at its option, replacing products and components that, on verification,
prove to be defective. Warranty work will be performed at the factory in Monterey, California. Kurz shall not
be liable for installation charges, for expenses of buyer for repairs or replacement, for damages from delay or
loss of use, or other indirect or consequential damages of any kind. Kurz extends this warranty only upon
proper use and/or installation of the product in the application for which it is intended and does not cover
products that have been serviced or modified by any person or entity other than Kurz Instruments Incorporated
and its authorized service technicians. This warranty does not cover damaged sensors, units that have been
subjected to unusual physical or electrical stress, or upon which the original identifications marks have been
removed or altered. ,

Transportation charges for material shipped to the factory for warranty repair are to be paid for by the shipper.
Kurz will return items repaired or replaced under warranty prepaid. No items shall be returned for warranty
repair without prior authorization from Kurz. Call Kurz Instruments service department at (408) 646-5911 to
obtain a return authorization number. ’

This warranty contains the entire obligation of Kurz Instruments Incorporated. No other warranties, expressed, -

implied, or statutory are given.

§Pecial Precautions for Installation with Hazardous Gases
¢ at Kurz have done everything reasonable to ensure the safety of users of Kurz equipment. Even so, we are
aware that special situations can arise that can result in an unsafe condition if hazardous gases are involved.

It is the responsibility of the user to properly install the product 'andv especially to check for leakage in the
extended plumbing and to properly seal conduit fittings, etc., according to the relevent codes.

An example is the installation of a Model 555 insertion mass flow meter in which the Model 455 probe is
inserted into the ball valve retractor assembly. It is the responsibility of the user to ensure that the assembly
does not leak upon initial installation and to perform rountine maintenance (such as replacing the seals, etc.) on
a regular basis and to verify the safety of the entire installation. :
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Unit Description Sheet

This sheet is found in the front of the book, immediately following the title page.
It contains important identifying information about your 430DC or 435DC
DC-Powered Air Velocity Transducer, including model number, serial number,
Kurz order number, and customer purchase order number. It also lists any
options you ordered with your transducer. Check the options listed against your
original order and against the actual contents of the shipping carton. Report any
discrepancies immediately to Kurz Instruments Incorporated at (408) 646-5911.

Quick Set-Up Guide

The Quick Set-Up Guide is a chart summarizing much of the information
presented in the rest of the manual. You can use the chart to refresh your
memory after you read the relevant sections of the manual. Or, if you feel that
you do not need the more detailed information presented in the rest of the
manual, you can attempt to install your 430DC or 435DC referring only to the
Quick Set-Up chart. Kurz Instruments does not, however, recommend the latter
approach. _

Section 1: Product Overview ,

This section introduces you to the purpose, principles of operation, and features
of the 430DC and 435DC transducers. You can safely skip this section if you are
already familiar with that information. )

Section 2: Installation

Section 2 explains, in necessarily general terms, how to install your transducer.
This section explains how to determine the correct location for installation, as
well as how to perform the physical installation in pipes and flat or round
ductwork. You should read thoroughly the parts of this section that apply to your
installation before you install the 430DC or 435DC. You may also want to read
Section 5, “Testing ,” before you install the transducer.




Section 3: Operation and Maintenance

This section explains how to calculate actual velocities from the standard
velocities reported by the 430DC or 435DC, how to recalibrate the unit, and how
and when to clean the sensor. Refer to this section as needed.

‘Section 4: Options
This section lists and explains most of the options available with the transducer.
Contact Kurz Instruments for a complete, up-to-date list of available options.

Section 5: Testing

This section explains some of the tests you can perform on the 430DC and
435DC to determine whether or not it is operating properly. Although each
transducer is thoroughly tested before it leaves the factory, you may want to run
the tests described in Section S to make sure that the unit has not been damaged
in transit. Whether or not you do so depends largely on your judgment of the
complexity of your installation: If installation and possible later removal are
relatively easy, it probably makes more sense to go ahead and install the unit
without extensive preinstallation testing. If your installation is a difficult one,
and removing the unit later for testing would be more time consuming than the
testing procedures themselves, you should probably test before you install.

Appendix A: Component Layout and Schematic Drawings

The appendix contains detailed component layout drawings and circuit diagrams
of the various components of the 430DC and 435DC. This information is not
needed by most users in routine operation of the unit. It is provided as an aid to
those users who want to perform more detailed maintenance and testing
operations than those described in sections 3 and 5.

About the Art in This Book

The computer-generated art in the main sections of this book is intended to
illustrate particular points under discussion. It includes only as much detail as is
relevant to the discussion at hand. No attempt has been made to accurately scale
these drawings or to include details not under discussion in the text that precedes
and follows each drawing. If you need more detailed and precise visual
information, refer to Appendix A, which contains reproductions of actual
engineering drawings,

Quick Set-Up Guide

The quick set-up chart below summarizes much of the information presented in
this manual. It does not, however, contain all the information you may need for
safe and satisfactory installation of your 430DC or 435DC. Kurz Instruments
recommends that you read applicable sections of the manual before attempting
installation.

Important Note: Do NOT Place Cannister Next to Hot Ducts or

Stacks, Ambient Temperature Must Be 50° C or Less.

Connect Green Wire from Pin 1
to Power Supply éroung‘ (G'ND)

Connect Red Wire from Pin 2
to 18-24 Vdc Power Sour‘ce

hite Wire from.Pin 3
e 8 ICm M &-5 V)

y

Probe Cable Black Wire from Pin 4

is Signal Ground (GND)

Cannister Assembly
Stop Collar With 437 Electronic Board
sets probe-— : :
insertion
depth
(optional)
Threadolet: Compression Fitting
Weld over | Duct Work
Probe-Insertion :
R oA e
&9 435DC: " , T
‘\ i /430DC/4SSDC-MC: 716~ yp—<J~=
4
l Direction of Flow
3 Diameters to
Nearest

Obstruction l

|

10 Pipe Diameters to-Nearest Obstruction @~ —————




Section 1;: Product Overview

This section contains a general description of the DC-Powered Air
Velocity Transducers. It explains how the transducers work and lists
their features and specifications. :

11 Description
The 430DC, 430DC-MC, 435DC,; and 435DC-MC DC-Powered Air
Velocity Transducers are rugged, very low maintenance instruments

ideally suited to monitoring relatively clean air or gas flows in small
ducts, pipes, or similar enclosed channels,

The four models are distinguished by the following characterisitics:

430DC: Outputs a non-linear 0-5 Vdc signal representmg flow
velocity; uses Duraflo sensor

430DC-MC: Outputs a non-linear 0-S Vdc signal r-epresenting flow
velocity; uses mini MetalClad sensor

435DC: Outputs a linear 0-5 Vdc vsignal representing flow velocity;
uses Duraflo sensor

430DC-MC: Outputs a linear 0-5 Vdc signal representing flow-
velocity; uses mini MetalClad sensor

These models will be referred to generically as the 430DC and 435DC
except when specific features of 430DC-MC or 435DC-MC are being
discussed.

Product Overview ' 1-1




The 430DC and 435DC can be used stand-alone or integrated into a
wide range of OEM instruments and systems. Some of the
applications include:

-e heating, ventilating, and air conditioning (HVAC) systems

« laminar flow ceilings, bench hoods, and duct monitoring systems in
semiconductor manufacturing facilities

« airborne engine test systems (to monitor gas turbine bleed air)
e air control systems in hospitals and other medical facilities

The 430DC and 435DC are best used in commercial applications
where the flow to be measured is not heavily laden with particulate
contamination and the temperature of the air or gas flow does not
exceed 125° C.

The 430DC-MC and 435DC-MC, with the mini Metal Clad sensors,
can be used in applications where the air flow does contain
particulates. In all other respects excepting the construction of the
sensor, the 430DC/435DC and 430DC/435DC-MC are identical. For
extremely hot, dirty, or corrosive industrial environments, Kurz
recommends the even more robust 455 Industrial Air Velocity
Transducer.  °

The 430DC and 435DC are best suited for monitoring velocity in lines
from a minimum of four inches in diameter up to approximately 24
inches in diameter (or in ducts up to 24 inches across in their smaller
dimension). With optional custom probe lengths, these transducers -
can be used in lines up to 48 inches in diameter, although Kurz
generally and strongly recommends a multi-point, multi-sensor EVA
system for large diameter lines.

12 Model 430DC and Model 435DC User’s Guide

The 430DC and 435DC consist of the following basic components:

¢ Duraflo™ (430DC and 435DC) or mini MetalClad™ (430DC-MC
and 435DC-MC) sensor mounted in a protective window at one end
of the probe support

NOTE: The sensor shipped with your transducer was specifically
matched to your unit’s electronics during factory calibration. -
Sensors are not interchangeable between different units.

¢ 12-inch long, 1/4-inch diameter 316 stainless steel probe support
(Nonstandard lengths from 3 to 48 inches are optionally available.)

¢ 437 Electronics Board housed in rugged, weather-resistant
enameled aluminum cannister assembly at the end of the probe.
(The 437 board can be unmounted, mounted in a NEMA 1 or
NEMA 4 enclosure, or mounted in a rack module — refer to
Section 4, “Options.”)

Figure 1-1 shows the basic components of the 430DC and 435DC.
Figure 1-1. 430DC/435DC Basic Components

15-Foot Four-Conductor Cable

annister Assembi
Sensor Window Canni y

/ e

C E@I

Important Note: The cannister assembly should NOT be placed close
to a hot duct or stack. Provide enough clearance between
the duct or stack and the cannister assembly so that the
ambient temperature at the cannister is not above 50° C.

Product Overview , ' 13




1.2 How the sensorgWorks

p- deresearirdont oo

Although differentin their cotruion,ithe'uruawﬂ*o se

430DC and 435DC and the mifii MetalClad $€nsor of the 430DC-MC"; .

and 435DC-MC work in the same way.: Each of these sensors is in fact
two sensors in one: a temperature sensor and a velocity sensor. The
Duraflo sensor consist of reference-grade platinum windings wound
around a ceramic mandrel and enclosed in a single glass sheath. The
temperature sensor (Rec) is located at the base of the sensor. The
velocity sensor (Rp) is located at the tip of the sensor. Figure 1-2
shows a close-up view of the Duraflo sensor within its protective
sensor window. '

Figure 1-2. Duraflo Sensor

Velocity Sensor (Rp)

The mini MetalClad dual-sting sensor in the 430DC-MC and
435DC-MC consists of reference-grade platinum windings wound
around two ceramic mandrels enclosed in two stainless steel sheaths.
The temperature sensor (Rc) is the shorter of the mini MetalClad’s
two sensor elements. The velocity sensor (Rp) is the longer of the two
elements.| Figure 1-3 shows a close-up view of the mini MetalClad
sensor within its protecti‘x?e'i ' ?e“ﬂ'sor window.

Model 430DC and Model 435DC User’s Guide
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Figure 1-3. Mini MetalClad Sensor: Two Views

Velocity Sensor (Rp)
Velocity Sensor (RRK
Termperature
Sensor
Temperature Sensor (Rtq)._| A Flo /
: Air Flow
-
Sensor Window -
/’\_/ f\u\—/

The temperature sensor senses the ambient temperature of the air
flow. The velocity sensor is then heated to approximately 75° to 100°
F above the ambient temperature and is maintained at the same level
of temperature differential (overheat) above the ambient temperature
regardless of changes in ambient temperature or air velocity.

CAUTION: The transducer sensor’s standard rating is for
nonexplosive gases. An optional safety temperature limiting option

is available. Contact Kurz Instruments for more information on
using the 430DC or 435DC (and 430DC-MC or 435DC-MC) sensor in
explosive gas flows.

Because the temperature sensor compensates for fluctuations in
ambient temperature, the amount of electrical power needed to
maintain the velocity sensor’s overheat is affected only by the flow of
air or other gases over the sensor: The greater the velocity of the
flow, the greater its cooling effect on the sensor and the greater the
electrical power needed to maintain the sensor’s overheat. It is this

_power or current draw that is measured by the 430DC and 435DC.
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The sensor is directly measuring mass flow (i.e., the number of
molecules carrying heat away from the velocity sensor), and is
calibrated in standard units, which are referenced to a temperature of
25° C and atmospheric pressure of 760 mm Hg. In other words, air at
25 C and 760 mm Hg, flowing at 100 feet per minute (FPM) will
produce a reading of 100 standard feet per minute (SFPM)". A 100
FPM flow at a different temperature or pressure produces a reading in
SFPM that accurately compensates for the temperature or pressure
differential. : o

The temperature and velocity sensors form two legs of a balanced
Wheatstone bridge. The bridge circuitry itself is contained on the 437
electronics board in the cannister assembly at the end of the probe
support. The temperature sensor leg (Ric) is input to.the positive side
of an operational amplifier as a reference. The bridge is activated
through an offset differential of the two legs. The sensor is heated
with current through the Rp winding. Resistance increases until it
balances with the minus input of the operational amplifier, which
drives a power transistor to provide bridge current.

The signal received from the sensor is nonlinear in that the amount of

power needed to maintain the velocity sensor’s overheat is not directly -

proportionate to the velocity of the airflow. Instead, the
power-consumption curve is fairly steep at low flow rates and
relatively flatter at higher rates of flow. Figure 1-4 shows the Duraflo
and mini MetalClad sensor’s output curve as flow increases. Figure
1-4 also shows the corresponding curve for a pitot-tube type sensor.
Note the greatly superior sensitivity of the Duraflo and mini '
MetalClad sensors at low flow rates. ‘

1 Standard calibration for these transducers is in SFPM. Other engineering units are also
available — refer to Section 4, “Options”.

1-6 Model 430DC and Model 435DC User’s Guide .

Figure 1-4. Sensor Output vs Flow

1.0

Kurz Durafio and
- Mini MetalClad Sensors

Nor-Dimensional
Output S
Characteristic 4

Pitot Tube

Non-Dimensional Flow

Zero and span circuitry on the 437 electronics board converts the
signal f'rom- the sensor to a non-linear 0-5 Vdc signal that has
appro.mmat.ely the same curve as shown above. This non-linear 0-5
Vdg signal is output from the 430DC unless the non-isolated 4-20mA
option (-I) was ordered. If this option was ordered, the 430DC
outputs a non-linear 4-20mA signal. '

Ho»y?ver, the 437 board in the 435DC and 435DC-MC contains an
a'ddmonal linearizer circuit that converts the nonlinear voltage into a
!me.ar voltage that is directly proportionate to flow velocity: 0 Vdc
indicates no flow, 5 Vdc indicates maximum measurable flow, and 2.5

Vdc indicates a flow exactly half of the maxi . J
shown in Figure 1-5. 4 aximum measurable flow, as
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T s IO Rl AT ERI SO ERDD : ‘ | 1.3 Features and Specifications
e . ' - o Some of the outstanding features of the 430DC and 435DC are
-summarized below:

Rugged Construction

The Duraflo and mini MetalClad sensor is exceptionally durable in -
normal use. It is resistant to both dirt and corrosion; unlike pitot-tube
and orifice-plate sensors, its performance is not significantly degraded
by operation in a dirty atmosphere. -

> 4 | Unsurpassed Accuracy
A ' ' _ The Duraflo and MetalClad sensor windings are Resistor
o o w o o 70 8 % 10 - Temperature Detector (RTD)-type windings of reference-grade
0o 10 20 |

platinum 385.
Flowin SCFM — .
Automatic Temperature and Pressure Compensation

The 430DC and 4355DC directly measure mass velocity. No
i computations are necessary to compensate for temperature and
pressure changes.

The 437 board will convert this linear output vql:age to an f’r-20 mA | ‘
~output if the 435DC was ordered with the pon-lsolated option (-I). ‘ i Excellent Low-Speed Sensitivity

Unlike pitot-tube and orifice-plate sensors, the 430DC and 435DC
— can accurately measure flows down to 20 SFPM.

Convenient 0-5 Vdc Output

The 430DC outputs a non-linear 0-5 Vdc signal. The 435DC outputs a
linear 0-5 Vdc signal. This output signal is convenient for digital panel
meters, voltmeters, chart recorders, and computers. Other outputs
are optionally available.

| | | L. NBS-Traceable Calibration

- | B . | i Every 430DC and 435DC is factory-calibrated in a National Bureau of
- o o , 3 Standards (NBS) traceable wind tunnel. Packaged with your

i transducer is a Calibration Certificate showing output voltage vs air

; | velocity. The factory calibration is for air at 25° C and 760 mm Hg.

Calibration for other gases, temperatures, and pressures is available at
an additional charge.
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The specifications of the 430DC and 435DC are given in Table 1-1.
All specifications apply to all models except where noted.

Table 1-1. 430DC and 435DC Specifications

Sensor Construc-
tion:
Accuracy:

Repeatability:
Response Time:

Calibration::

Sensor Operatihg
Temperature Range:

1-10

Reference-grade 385 platinum RTD-type

- windings around a high-purity ceramic.

core, sheathed in glass (430DCand
435DC) or stainless steel (430DC-MC
and 435DC-MC) T

+/- 2% of full scale (non-linear - 430)
+/- 3% of full scale (linear - 435)

 +/-025%

1 second

. Factory calibrated in NBS-traceable wind

tunnel for air at 25° C and 760 mm Hg.
Includes Calibration Certificate showing
output voltage vs air velocity for 11 data’
points, including zero flow. .

0°Cto + 125°C standard

HT rated sensor optionally available for
temperatures from 0° Cto + 250°C

NOTE: The electronic components on
the 437 board are rated only to 70° C.
Specify a remote-mounted enclosure for
the electronics or longer probe if the
portion of the probe outside the pipe or
duct to be monitored will be exposed to
temperatures higher than 50° C. (See
Section 2.5.3 for information on
high-temperature installations.)

Model 430DC and Model 435DC User’s Guide
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Table 1-1 (continued) -

Probe Construction:

Probe Dimensions:

Electronics Hookup:
Electronics Board

Enclosure:

Output:

Product Overview

430DC/435DC: 316 stainless steel, epoxy,
and glass wetted parts
430DC-MC/435DC-MC: 316 stainless
steel and epoxy wetted parts

430DC/435DC: 1/4" outside diameter;
12" length standard; lengths from 3" to 48"
optionally available

430DC/435DC-MC: 3/8" outside
diameter; 12" length standard; lengths
from 3" to 48" optionally available

A 15-foot four-conductor cable is
supplied to connect the transducer to the
18-24 Vdc input and 0-5Vdc output.

2.75".X 4.75" X 1.13" enameled aluminum -
cannister. (Refer to Section 4 for
information on optional configurations.)

430DC and 430DC-MC: Non-linear 0-5
Vdc standard:

435DC and 435DC-MC: Linear 0-5 Vdc
standard

Non-isolated 4-20 mA outputs optionally
available on the 437 electronics board.
Isolated 4-20 mA output available with
optional electronics board. See Section 4
for further information. For other
nonstandard outputs, consult factory.

End of Section 1

1-11



Sectioﬂn 2: Installation

This section explains how to install your Model 430DC or 435DC
DC-Powered Air Velocity Transducer. The instructions given in this
section are necessarily general in nature; every installation is unique.
If you need further assistance with your installation, contact your local

- Kurz representative, or contact Kurz Instruments, Inc. at (408)
646-5911.

2.1 Checking the Contents of the Shipping Carton

Open the shipping carton and remove the protective foam packaging

material that covers the 430DC or 435DC and any options shipped

with it. Check to see that the shipping carton contains everything you
' i ordered.

Make sure the NBS traceable calibration certificate is ixicluded.
[ Verify that the line size (if applicable) and pipe schedule shown on the
- calibration certificate are correct.

2.1.1 430DC/435DC Without Options

If you ordered your transducer without any options, the contents of
the shipping carton should be as shown in Figure 1-1, “430DC/435DC
Basic Components.”

If the contents of the shipping carton are correct, proceed with the
installation. (If you prefer to test the unit before you install it, refer
now to Section S, “Testing.”) :

2.1.2 430DC/435DC with Options

Any options you ordered should be specified on the Unit Description
Sheet at the front of this manual. Available options are listed,
described, and (where applicable) pictured in Section 4, “Options”. If
the options specified on the Unit Description Sheet do not match the -
options you ordered or the options actually shipped, contact Kurz
immediately.

If you ordered your transducer with the 437 electronics board in a
NEMA enclosure, check inside this unit and remove any desiccant or
other packaging material you find there.
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If the contents of the shipping carton are correct, proceed with the
installation. (If you prefer to test the unit before you install it, refer
now to Section 5, “Testing.”)

2.2 Determining Probe Location

If possible, you should locate the probe at least three pipe or duct
diameters upstream and ten diameters downstream from the nearest
bend, elbow, or other obstruction in the pipe or duct to be monitored.
The chosen location should also provide sufficient clearance for
inserting and removing the transducer probe; that is, the clearance
between the pipe or duct and any obstruction should equal at least the
length of the probe, plus the cannister assembly, plus two or three

inches for maneuver. Correct probe location is illustrated in Figure
- . o

Important Note: The cannister assembly should NOT be placed close
: to a hot duct or stack. Provide enough clearance between

the duct or stack and the cannister assembly so that the -

ambient temperature at the cannister is not above 50° C.

Figure 2-1. Probe Location

435DC Probe with Cannister Assenibly

~ Threadolet and
Compression Fitting
( < Flow
I | | ]
3 Diameters 10 Diameters
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23 -Detei'mining Probe Insertion Depth

Because the sensor can, at any one time, measure velocity at only one
point within your pipe or ductwork, it is important that the sensor be
mounted at a point where velocity closely approximates the average
velocity within the pipe or duct. You can approach the problem of
determining a point of average velocity in a variety of ways, depending
primarily upon the accuracy your application requires.

2.3.1 Center Mounting

Under some circumstances, it may be appropriate to assume that the
center point of the pipe or duct represents a point of average velocity.
Such circumstances include the following:

« A high degree of accuracy is not critical to your application.

o The pipe or duct to be monitored is so small that it is impractical to
mount the sensor anywhere other than at the center of the pipe or
duct.

« Flow profile is known to be turbulent and of high velocity; many
points of average velocity are likely.

« Flow profile is known to be very uniform.
Even undér the circumstances listed above, however, you may want to

perform at least a half traverse (described below at 2.3.2) before
deciding on center mounting. )
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2.3.2 Half-Traverse Averaging

You can, with a fair degree of accuracy, determine the average
velocity within a pipe or duct, and a specific point at which velocity

- closely approximates that average, by traversing the sensor once
across the center line of the pipe or duct, from the far wall to the
center. The procedures for performing the traverse and obtaining an
average are described below:

Step 1:

Step 2:

Step 3:

Step 4:

Step S:

Divide a cross section of the pipe or duct into a number

.of equal, concentric areas (see Figure 2-2). The number
. of areas you use depends on the the uniformity of flow

within the pipe or duct and on the degree of accuracy
you require: The more areas you use, the more
accurate your computed average will be.

Identify-a point to monitor for each area (see
Figure 2-2).

Drill a hole in the pipe or duct 1/16"-inch largerin -
diameter than the probe (5/16" for the 430DC/435DC;
7/16" for the 430DC-MC/435DC-MC).

.

Insert the probe into the pipe or duct and take 2 velocity
reading at each of the points selected at Step 2°.

You can most easily determine the position of the
sensor within the pipe or duct by using a pencil or other
marker to mark off appropriate measurements on the
probe before you insert it.

Be sure the sensor window is aligned with the direction
of flow, so that airflow over the sensor is unobstructed..

Compute an arithmetic average of the readings
obtained at Step 4.

1 If the size of the pipe or duct is such that the probe will not reach all the way across it, you can perform
the traverse from the center to the near wall. In that case, however, you should omit the reading
nearest the wall of the pipe or duct (see Figure 2-1 oon page 2-2) because that reading may be
influenced by turbulence or leakage caused by the probe-insertion hole.

2 The transducer is shipped with a protective rubber cap covering the sensor. You must remove the cap
before you can take readings with the instrument.
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. Step 6: Select the point at which you will permanently mount
the sensor. This should be the point whose velocity
reading most nearly approximates the average velocity
computed at Step 3.

If none of the points monitored yields a reading
sufficiently close to the computed average, you may
want to repeat the procedure, using a larger number of
areas and points. Alternatively, you may want to
perform the somewhat more complicated

- double-traverse averaging described at 2.3.3 below.

Figure 2-2 shows cross sections of square and round ducts, each with
five areas and five monitoring points for a half-traverse averaging
operation. ' :

Figure 2-2. Equal-Area Half Traverse

In Figure 2-2, the unshaded area that contains Point 1 represents one
square unit. Each of the shaded areas containing points 2, 3,4, and 5
also represents one square unit. The total cross-sectional area of each
duct is five square units. '
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The numbers shown below the ducts give the positions of points 2, 3, . s 2.3.3 Double-Traverse Averaging

4, and 5 relative to the distance from Point 1 to the wall of the duct. ’ Double-traverse averaging is similar to half-traverse averaging, but
'I:har; is, from Point 1 to Point 2 is 54% of the distance from Point 1 to ' } | _ requires a second probe-insertion hole and more monitoring points.
theaw:l’l of the duct; from Point 1 to Point 3 is 70.4% of the distance e S The procedures for performing the traverse and obtaining an average
from Point 1 to the wall of the duct; and so on. You can extrapolate | | are described below:
\ al measurements for any pipe or square B i ]

from t%:gse gx}ntnbeﬁr: etl;e 3:1mare:;e i : Step 1: Divide a cross section of the pipe or duct into a number
duct divided into quat o : | of equal, concentric areas (see Figure 2-3). The number

- - ' o ; ym a duct like 8 of areas you use depends on the the uniformity of flow
Table fztill shovgs;l;l zaélilgp;:eog azveragmg retadmgs from : ' within the pipe or duct and on the degreeof accuracy
one of those shown in 2. : |

you require: The more areas you use, the more
" accurate your computed average will be.

. Point.: Step 2: Identify foug points to monitor for each area (see
- - | ¥ Figure 2-3)°,
2 Step3:  Drill a hole in the pipe or duct 1/16™inch larger in
3 . diameter than the probe (5/16" for the 430DC/435DC;
7/16" for the 430DC-MC/435DC-MC). '
4 .
5 o - 300 v ) Step 4: Insert the probe into the pipe or duct through one of
: 3950 C the probe-insertion holes and take a velgcity reading at
Total:. . : : § : : each of the points in line with that hole.* Repeat the
Avera ge:" process for the other hole.

. . e velocity from the five points sampled is You can most easily determine the position of the
%éh;g&m%:;;thg a\‘vniatrl?g measurtZd velocity of 8(?(;) SFPM, is closest : : sensor within the pipe or duct by using a pencil or other
to the aver;lge vel oéity. You would therefore permanently mount the : marker to mark of:t_’ appropriate measurements on the
435DC with its probe inserted to the correct depth to align the sensor ‘ probe before you insert it.
with Point 3.

Be sure the window of the probe’s protective shield is
aligned with the direction of flow so that airflow over

the sensor is unobstructed.”

3 Note that the center contains only one monitoring point. The reading from that point must be counted -
four times in the averaging operation to give each area equal weight. :

4 Do not take a reading at the point nearest the probe-insertion hole; such a-reading might be influenced
by leakage or turbuience caused by the hole. Instead, substitute the reading from the corresponding
point nearest the far wall of the duct or pipe. Be sure to remove the protective rubber cap from the
435DC'’s sensor before you attempt to take readings.

v . .
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~ Step 7:

Compute an arithmetic average of the readings -
obta tain ed at Step 4 §Count the smgle Pomt-l readmg L

Select the pomt at whlch you will permanently mount
the sensor. This should be the point whose velocity
reading most nearly approximates the average velocity
computed at Step 5.

If none of the points monitored yields a reading
sufficiently close to the computed average, you may
want to repeat the procedure, using a larger number of
areas and points.

Be sure you seal the probe-insertion hole that will not
be used when you permanently mount the probe.

Figure 2-3 shows cross sections of both square and round ducts, each
with five areas and 17 monitoring points for a- double-traverse
averaging operation.

Figure 2-3. Equal-Area Double Traverse
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In Figure 2-3, the unshaded area of each duct, which contains Point 1,
represents one square unit. Each of the shaded areas containing
points 2, 3, 4, and 5 also represents one square unit. The total
cross-sectional area of each duct is five square units.

The numbers shown below the ducts give the positions of points 2, 3,
4, and § relative to the distance from Point 1 to the wall of the duct.
That is, from Point 1 to Point 2 is 54% of the distance from Point 1 to
the wall of the duct; from Point 1 to Point 3 is 70.4% of the distance
from Point 1 to the wall of the duct; and so on. You can extrapolate
from these numbers the actual measurements for any pipe or square
duct divided into five equal areas. Table 2-2 shows an example of
averaging readings from a duct like one of those shown in Figure 2-3.

Table 2-2. Double-Traverse Veloczty Averagmg Example

'; From\Pomts T 2 34 Sun Average
Left 200 1150 1100 1000 700 '51“50_' 1030
Right 1200 1140 1115 1020 700 5175 1035
Top 1200 1200 1175 1100 800 5475 1095
Bottom 1200 1175 1150 5375 1075
Sum: 4800 4665 4540 4170 3000 21,175 4235
Average: 1200 1166 1135 1043 750 5294

In the example, the average velocity from the 20 points sa.mpled5 is
1059 SFPM. The bottom Point 4, with a measured velocity of 1050
SFPM, is closest to the average velocity. You would therefore
permanently mount the 435DC with its probe inserted to the correct
depth to align the sensor with the bottom Point 4.

5 Point 1 is counted four times.
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If you find that the flow profile within the pipe or duct you are
monitoring changes, or if you cannot find a single point that closely
enough approximates the computed average velocity, you may want to
consider moving to a multi-point, multi-sensor velocity averaging
array such as the Kurz EVA 4000 or EVA 4100. In all cases, Kurz
Instruments recommends a multi-sensor EVA system for monitoring
velocity in lines over 48 inches in diameter. ‘

2.4 Mounting the Compression Fitting |

The transducer is held in place by means of a compression fitting
attached to the outside of the pipe or duct in which the probe is to be
mounted. The hardware and procedures necessary to attach the
compression fitting vary, depending on whether the installation is for a
pipe or for a sheet-metal duct. Installations of both kinds are
described below. ‘

2.4.1 Pipe Mounting

All hardware needed to mount the 430DC or 435DC in a pipe is
readily available from most hardware supply dealers. You can,
however, order the necessary hardware from Kurz Instruments if you
want to.

A]

You will need:

« Threadolet™ carbon steel coupler®. If you order the Threadolet
from Kurz, you must specify the size of NPT (National Pipe
Thread) pipe the Threadolet is to be welded to, as well as the wall
thickness of that pipe (Schedule 40, 80, etc.). If you are installing a
430DC or 435DC, the Threadolet you use must accept a 1/4"-
to-1/4" MNPT (Male National Pipe Thread) tube compression
fitting, If you are installing a 430DC-MC or 435DC-MC, the
Threadolet you use must accept a 3/8"-to-3/8" MNPT tube
compression fitting.

« Tube compression fitting’. If you are installing a 430DC or 435DC,
use a 0.25" AD 0.25" fitting. For a 430DC-MC or 435DC-MC, use a
375" AD .375" fitting.

6 Threadolet fittings are also available in aluminum and stainless steel.

7 Standard compression fitting is bored-thru 316 stainless steel with teflon ferrules. Optional stainiess
steel ferrules are available for permanent compression on the probe..
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Figure 2-4 shows the hardware needed to mount the transducer in a
pipe.

Figure 2-4. Mounting Hardware, Pipe

Weld the Threadolet coupler directly over the probe-insertion hole in
the pipe in which you are installing the transducer (refer to Section 2.2
for determining the location of the probe-insertion hole). Then
thread the tube compression fitting firmly into the coupler. .

2.4.2 Duct Mounting

To mount the 430DC or 435DC in a duct constructed of thin-wall
sheetmetal, order the appropriate mounting adapter from Kurz
Instruments.

For installation of a 430DC or 435DC in flat ductwork, order
mounting adapter PMA-04. For installation of a 430DC-MC or
435DC-MC in flat ductwork, order mounting adapter PMA-06. The

~ mounting adapter consists of a cotnpression fitting welded to a

3"-by-3" steel plate with four corner mounting holes, as shown in
Figure 2-5.
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i il for
Curved probe mounting adapters (CPM) are also avallable
curved ductwork. Specify CPMA-04-radius (430DC/43.5D.C) or
CPMA-06-radius (430DC-MC/435DC-MC) where radius is replaced
by the actual radius of your ductwork.

Figure 2-5. PMA Mounting Adapter for Duct Installation

} -,.m-.,_...,-.-w

b
YA

-

2.5 Installing the Probe
Once you have mounted the compression ﬁt.ting to the pipe or duct,
installing the probe consists simply of insempg the'probe to the
predetermined depth (see Section 2.3) and tightening the
compression fitting to hold the probe in place.

NOTE: The transducer is shipped with a protective rubber cap . |
covering the sensor. Make sure you remove the cap before you install -

the probe.
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2.5.1 Very Low Velocity Installations .

The transducer’s sensor is exceptionally accurate at flow rates well
below those that can be accurately measured by pitot-tube or
orifice-plate type instruments. The 430DC and 435DC can accurately
measure flows down to 20 SFPM —the equivalent of less than 1/4 mile
per hour.

2.5.2 Sensor Alignment

Make sure the probe is rotated such that the sensor window allows
unobstructed flow of air over the sensor.”

253 ,High-Temper\ature Installations

The 430DC and 435DC, configured with a longer 24-inch probe, is
recommended for pipes and ducts up to 24 inches in diameter. In fact,
only 12 inches of probe support is required to position the sensor in
the center of a 24-inch diameter pipe. The extra 12 inches of probe
support is provided to allow space between the pipe or duct and the
cannister assembly on the end of the probe support. We recommend
that the cannister not be exposed to ambient temperatures above 50°
C. That space helps keep the electronics at or below their rated
temperature of 70° C, even when the temperature of the flow inside
the pipe or duct is substantially higher than 70° C.

If the extra space provided between the outside of the pipe or duct
and the cannister assembly is not sufficient to keep the electronics at
or below 70° C, the 437 linearizer board must be mounted in a remote
enclosure (see Section 4.7).

2.6 Connecting to an 18-24Vdc Input and 0-5Vdc Output

A 15-foot four-conductor cable is included with all configurations of
the 430DC and 435DC. The standard configuration of the transducer
includes a cannister assembly at the end of the probe to house the 437
circuit board. One end of the cable terminates in an connector that
screws onto the end of the cannister assembly. The other end of the
cable provides four wires terminated with spade lugs that can be
connected to the power supply and to the output device used to
monitor the linearized output from the probe. The pin description of -
the connector and cable is provided in Table 2-3.
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Figure 2-6. Connector Pinout on the Cannister Assembly
- N

20 O1
40 O3

T

Table 2-3. Pin Description of the Connector on the Cannister

Assembly :

Green 1 | Power S_upply Ground (Gnd)
Red 2 Power In (18-24 Vdc)
White - 3 Signal Out, High (5 Vdc or 4-20 mA)
Black 4 Signal Ground (Gnd)
End of Section 2 -
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Section 3: Operation and Maintenance

This section describes the operation and routine maintenance of the
Model 430DC and 435DC DC-Powered Air Velocity Transducers.

3.1 Operation -

Once you have installed the transducer as described in Section 2,
operation is primarily a matter of maintaining the 18-24Vdc power
source to the 430DC or 435DC. As long as power is supplied to this
unit, the probe is correctly installed in the pipe or duct to be
monitored, and all wiring connections are correctly made, the
transducer will continue to operate for prolonged periods without
intervention.

3.1.1 0-5 Vdc Output

To derive useful data from the operation of the transducer, you can
monitor the Signal Out line (0-5 Vdc) connected to Pin 3 of the 4-pin’
connector at the end of the cannister assembly. When the 15-foot
cable supplied with the transducer is attached to the connector on the
cannister assembly, the signal is available on the white wire at the end
of the cable.

- The output from pin 3 of this connector is a non-linear (430DC) or
linearized (435DC) 0-5 Vdc signal. Zero Vdc indicates no flow over
the sensor; 5 Vdc indicates the maximum measurable flow. The
non-linear intermediate voltages output from the 430DC will not be
directly proportionate to velocity. These voltages will fall on a curve,
closely approximating the curve shown in Figure 1-4 on page 1-7. In
comparison, the linear intermediate voltages output from the 435DC
do indicate intermediate flows directly proportionate to the voltage of
the signal.
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Y-ou can use the output in a variety of ways:

o Order the transducer with a NEMA enclosure for the 437
electronics board and factory-installed LCD digital panel meter
(see Section 4, “Options”). You can then read the output,
calibrated in the engineering units of your choice, directly from the
NEMA enclosure.

o Order the transducer with the 437 electronics board and LCD
display factory-installed in-a rack module or order the transducer
with a separate rack module for the LCD display.

e Feed the outpﬁt directly to your own panel meter, voltmeter, chart
recorder, or computer. If you choose this option, the transducer
and the device receiving its signal should be no more than 50 feet
apart. :

« Order your 430DC or 435DC with the optional nonisolated 4-20
‘mA output circuitry installed on the 437 electronics board. Ifan
isolated 4-20 mA output is required, order the Model 132 Isolated
4-20 mA Board with your transducer. See Section 4, “Options™ for
more information concerning these options. Either of these 4-20
mA options allow for almost unlimited distances between the
output signal and a receiving device".

3.1.2 Calculating Actual Velocities

For most air-flow monitoring applications, the mass of the flowing gas
is the relevant variable. The transducer’s sensor was designed with
this fact in mind. The sensor accurately registers mass flow at any
temperature and pressure. Its output is therefore calibrated in
standard units.

Those units are referenced to a standard temperature of 25° C (77° F)
and standard atmospheric pressure of 760 mm (29.92 inches) of
mercury. A velocity reading obtained for air at a different
temperature and/or pressure will not be the actual velocity of that air.

Generally, standard velocity is a much more useful measurement than
actual velocity. Sometimes, however, you may want to calculate the
actual velocity of an airflow whose temperature or pressure differs
significantly from the standard temperature and pressure.

1 The distance is limited only to the extent that the total electrical resistance in the loop must not exceed
800 ohms.
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The formula for deriving actual velocity from indicated velocity is

given below:

ds
Vact = Vind —
da
where:
ds = Standard air density (25° C; 760 mm Hg).
da = Actual air density at local temperature and barometric
pressure.
Vact = Actual air velocity in feet per minute.
Vind = Indicated velocity in standard feet per minute.

Although the intermediate steps are not shown here, by dividing out
the known quantities, the formula can be restated as

Ta
Vact = Vind 0.05578 —
. Pa
where
Ta = Actual temperature in degrees Rankine (degrees R =
Degrees F + 459.67).
Pa = Actual pressure in inches of mercury.
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3.2 Routine Maintenance

The 430DC and 435DC are virtually maintenance free. The only
_routine maintenance operations required are recalibration and
occasional cleaning. '

3.2.1 Recalibration

The factory calibration of the 430DC and 435DC remains stable over
periods of up to several years. To maintain NBS traceability, however,
Kurz Instruments recommends that your transducer be recalibrated
annually. You can perform the recalibration yourself or you can
return the transducer to Kurz for recalibration. Unless you have an
accurate in-house flow-calibration facility, it is probably preferable to
return the instrument to Kurz".

If you do recalibrate the transducer yourself, follow the procedure
described below. You will need: -

« a digital voltmeter accurate to +/-.001 Vde
« aflat-bladed screwdriver with a narrow blade and a long shaft

The velocity calibration procedure consists of inserting the sensor” in
a flow of known velocity and adjusting the zero and span
potentiometers (R10 and R12, respectively) on the 437 circuit board.
Figure 3-1 shows their locations.

2 If your transducer requires recalibration while still under warranty, you should retum it to Kurz
Instruments. Kurz will not perform a free recalibration under warranty if you have already made
adjustments to zero Or span controls. _

3 If possible, perform the recalibration with the sensor in an upright position. The factory calibration is
performed with the sensor in this position. Any other position may result in a slightly inaccurate zero
reading because the heating effect of the velocity sensor changes slightly as its orientation changes.
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Figure 3-1. 437 Electronics Board: Zero and Span Potentiometers

Zero-Adjust  Span-Adjust

R10 o" RI2 ¢

1 1 1101 9191 191 1

(+JVIN GND oO30UT GNO 4-200UT GND R Rp/RET

Step 1: Set the flow velocity to 0 SFPM.

Step 2: Check the voltage between Terminal Screw 3 (linear
output) and Terminal Screw 4 (ground). If necessary,
adjust the zero-control potentiometer up or down until
you get a reading of zero volts.

NOTE: You should check for zero voltage either immediately after
powering the transducer or after first running flow past the sensor and
th?.n returning to zero flow. This is necessary because, after several
minutes at zero flow in a small air volume, the heat produced by the

w(lalo;:ity sensor (Rp) begins to affect the ambient temperature sensor
tc)- :

Step 3: Set the flow velocity to Rhe maximum for which your
transducer is calibrated".

Remember, the 430DC and 435DC s calibrated in standard units, not actual uni i

. 4 » . . ) ts. m Al

_ airflow you use to perform the recalibration is not at the standard reference ten:pemtur:e gt)”rZCS"lgl(t;T
F) or the standard reference pressure of 760 mm (29.92 in) Hg, you will have to adjust the actual flow

;a;e-z used in recnlibration_to equal the desired standard flow rate. To do so, use the formuia given at
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Step 4: If necessary, adjust the span-control potentiometer up
or down until the voltage between terminal screws 3 and
4 is five volts.

If either zero or span cannot be adjusted to its proper value using the
zero-control and span-control potentiometers, the zer and span circuit
on the 437 board requires factory adjustment —contact Kurz
Instruments.

3.2.2 Cleaning the Sensor

The transducer’s sensor is far more resistant to particulate
contamination than pitot tube or orifice plate sensors. Nevertheless,
the 430DC and 435DC perform best when they’re kept relatively free
of contamination. You should therefore remove the probe and check
the sensor at regular intervals, cleaning it if necessary.

The dirtier the flow being measured, the more frequently the sensor

‘should be checked. In relatively clean flows it may be sufficient to
check and clean the sensor annually while the probe is removed for
recalibration. In very dirty flows a much shorter interval may be
appropriate”. If you are measuring a dirty flow, you should probably
begin by checking the sensor at short intervals. You can then move to
longer intervals if the sensor is not becoming heavily loaded between
checks. »

When the sensor does need to be cleaned, use a fine wire brush,
crocus cloth, or fine grit emery cloth to remove built-up

contamination from the sensor. Clean the sensor only when power is
off.

End of Section 3

5 If your application requires the monitoring of very dirty flows, Kurz Instruments recommends that you
use the 455 Industrial Air Velocity Transducer rather than the 430DC or 435DC.
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Section 4: Options

Thi§ section lists and describes some of the more popular options
available with the Model 435DC DC-Powered Linear Air Velocity
Transducer. The options discussed in this section are

o Specialty Gas Calibrations

~» 4-20 mA Output

« Custom Probe Lengths

o HT High Température Sensor

¢ Coated Sensors

« Rack-Module Electronics Packaging

o NEMA Enclosures

o Unmounted 437 Electronics Board

e 110 Vac/50-60 Hz or 220 .Vac/50 Hz Power Supply

» LCD Digital Display

e Optional Engineering Units

+ Dual Alarm

e Totalizer

o Sensor Safety Circuit
Other custom options may be available. Contact Kurz Instruments if

you .have special needs not covered by the options described in this
section. ‘
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4.1 Specialty Gas Calibrations

Standard 430DC and 435DC calibration is for air at 25° C (77° F) and
760 mm (29.92 in) of mercury.

You can order your transducer calibrated for a gas (or gas mixture)
other than air. When you order a specialty gas calibration, you specify
the reference temperature and pressure as well as gas mixture by
weight or volume, in accordance with your application. Calibrations
available include those listed below. For information on the
availability of calibrations for gases other than those listed, contact
Kurz Instruments. ' ‘

o Flue Mixtures

o Argon (Ar)

« Carbon Dioxide (CO2)

« Carbon Monoxide (CO)
o Helium (He)

o Hydrogen (H2)

. lNitrogen N2)

o Oxygen (O2)

" Specialty gas calibrations are performed for Kurz Instruments by an
independent calibration laboratory. The transducer is calibrated in a
flow of the specified gas at eleven data points evenly spaced between
zero and maximum rated flow. An NBS-traceable certification is
furnished for each instrument so calibrated. The accuracy of specialty
gas calibrations is the same as that for air;  +/- 2% of full scale for the
430DC, +/- 3% of full scale for the 435DC.

The calibration laboratory uses volume provers and other NBS
traceable equipment for flowmeter calibration. A flow of the
specified gas is directed into the calibrated prover for a precisely
timed period. The volume of gas in the prover is then determined.
The provers are calibrated to an accuracy of one part in 2,000, an
accuracy of 0.1%.

The calibration procedure is diagramed in general terms in Figure 4-1.
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Figure 4-1. Specialty Gas Calibration
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4.2 4-20 mA Output

Standard 430DC output is a non-linear 0-5 Vdc si
Cou signal. St
435DC output is a linear 0-5 Vdc signal. & andard

Optl‘onal 4-20 m:}hamp (mA) output is available in both non-isolated
agd isolated versions. 4-20 mA output is appropriate when the
QBtange between the transducer and a device receiving the output
signal is such that a significant voltage drop would occur in the
standard 0-5 Vdc signal. 4-20 mA output is unaffected by distance, as
long as the total resistance in the loop is less than 800 ohms. -

4.2.1 Non-Isolated

Non-isolated 4-20 mA output is a i is no

. : ppropriate when there is no need t
isolate th.e el;ctromm of the receiving device from the electrom':s ofo
the .437 circuit boarfi. When 4-20 mA output is non-isolated, the |
optional 4-20 mA circuit on the 437 board shares the electrical ground -

of the entire 430DC or 435DC provided ' .
power supply. provided by the ground signal of the

The circuitry for the non-isolated 4-20 mA circuitry i i

‘ try is provided on th
437 board. When the 437 is configured to provide the I4)%-20 mA onEe
output, the 0-5 Vdc output is disabled. -

Options 43




When a non-isolated 4-20 mA output is required in addition to the 0-5
Vdc signal, the optional Model 131 non-isolated 4-20 mA current
board can be installed. In this configuration, the 430DC or 435DC
‘should be ordered with the 437 electronics board placedina
NEMA-type enclosure or rack module (-N or -RM configurations).

The 131 board is mounted on standoffs beside the 437 board and
connected to the 0-5 Vdc and signal ground lines on the 437 board.
An 18-24-Vdc input should be provided on terminal 1 of the 131
board. These connections are shown in Figure 4-2.

Figure 4-2. 4-20 mA Current Board Connections

437 Board

1 4 7.8

Powes Supply Gnd
A )

. ! 18-24 Vdc input
18-24 Vde input 420 mAGut {+) ) ‘
420mAORt{-}) — ‘\ ~

8 8 4 3 2 1

4-20mA
Curront Soard

NOTE: Ekcept for providing a 18-24 Vdc power source to the 4-20
mA boards via terminal 1, Kurz Instruments 4-20 mA output modules
 are self-powered. Do not supply your own cur;ent to the 4-20 mA

output loop.

4.2.2 Isolated .
Isolated 4-20 mA output is appropriate when it is necessary to isolate
the electronics of the receiving device from the electronics of the 437
board. Isolated 4-20 mA output is available using the Model 132 4-20
mA current board. In this configuration, the 430DC or 435DC should
be ordered with the 437 electronics board placed in a NEMA-type
enclosure or rack module (-N or -RM configurations).

44 ' Model 430DC and Model 435DC User’s Guide

The Model 132 isolated 4-20 mA current board is mounted on
standoffs beside the 437 board and connected to the 0-5 Vdc and
signal ground lines on the 437 board. An 18-24 Vdc input should be
provided on terminal 1 of the 131 board. These connections are
shown in Figure 4-2 ‘

4.3 Custom Probe Lengths

The standard probe length for the 430DC and 435DC is 12" Other
lengths from 3" to 48" are optionally available.

It ;'ou believe you require a probe more than 48 inches long, you
should consider moving up to a multi-point, multi-sensor velocity
averaging array such as the Kurz EVA 4000 or EVA 4100.

4.4 HT High Temperature Sensor

The standard 430DC and 435DC sensor is rated for temperatures
from 0°Cto +125°C.

“The optional HT high temperature sensor is rated from 0° C to
+250° C.

4.5 Coated Sensors

The Duraflo and mini MetalClad sensors can be coated to provide
additional resistance to corrosive gases and contaminants. The type of
coating that is applied to the sensors will be dependent on the type of

gas flow. Epoxy and teflon coatings are two of the most popular
options.

The transducer sensors are highly resistant to particulate
contamination. For particularly dirty flows containing resinous or
sticky materials, however, you may wish to order the special
teflon-coated sensor. The teflon-coated sensor generally allows
longer intervals between cleanings and is more easily cleaned if it does
become heavily loaded with contaminants. :
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4.6 Rack-Module Electronics Packaging (435DC-RM)

The 437 electronics board is provided in a rack module if you
_purchased the 430DC-RM or 435DC-RM. The 437 board is mounted

on the baseboard of a 1.4"-wide (1/12) rack module, as shown in

Figure 4-3. Other optional boards may also be mounted on the
_baseboard and connected to the 437 board. ‘

Figure 4-3. 430DC/435DC-RM ( With 437 Electronics Board Mounted
in a Rack Module) : ' D

"N e o a1 o e B 4 i 2
e e R

The 15-foot conductor cable connects directly to the 437 board the
430DC-RM or 435DC-RM probe at the back of the rack module. To
install the transducer connect the power supply input and ground lines
to the terminal screws on the 437 board as shown in Figure 4-4. The
0-5 Vde output and signal ground lines are also available at the
terminal strip. '
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Figure 4-4. Terminal Strip on the 437 Board

437 Board

N
i

L Sensor
> Connections
(See Table 5-1)

ST

4-20 mA
Output

Signal

\~ Output
(0-5 vdc or-

4-20 mA)

E-N

SSIed

N

Power

~ Supply
(+)VIN Input

1o

You can mount the 430DC-RM or 435DC-RM in your

ou & ' -R own stand.

13 -wu:!e ra.ck chassis, or you can order the Model %O 15 rack chasszilsrd
shown in Figure 4-5, from Kurz Instruments. The 2015 rack chassis
houses up to twelve 1.4" 430DC/435DC-RM or nine of these rack
modules and one 4.2" Multichannel Display (see section 4-11). The'

19" rack chassis can be i
: placed in a bench enclosure wh i
requires testing or service. = thg u

Options v
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Figure 4-5. Model 2015 Rack Chassis .

4.7 NEMA Enclosures (430DC/435DC-N1 or 430DC/435DC-N4)

If you ordered the 430DC/435DC-N1, the 437 board is housed in a
NEMA 1 painted steel enclosure. NEMA 1 enclosures are intended
for indoor use primarily to provide protection against contact with the
enclosed equipment and protect the enclosed electronics against a
limited amount of falling dirt.

If you ordered the 430DC/435DC-N4, the 437 board is housed in a
NEMA 4 painted steel enclosure. The more rugged NEMA 4
enclosures can be used inside or outside and provide protection
against wind-blown dust and rain, splashing water, and hose-directed
water. NEMA 4 enclosures also remain undamaged by the formation
of ice on the enclosure.

The probe cable is interfaced to the 437 board through a connector on
the front of the NEMA enclosure as illustrated in Figure 4-6. Another
connector is available to provide the required power and ground
inputs to the 437 board and to connect the 0-5 Vdc linear output
signal and ground to the receiving device. Refer to Figure 4-4, on the
previous page, for the location of the terminal connections on the 437
board. :
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Figure 4-6. Model 430DC/435DC-N1 in a NEMA 1 Enclosure

‘

4.8 Unmounted 437 Electronics Board (430DC/435DC-PC)

If you purchased the 430DC-PC or 435DC-PC, you can mount the 437
electronics board in your own enclosure. The transducer comes with
the probe, a 15-foot four-conductor cable, and the 437 electronics
board (without enclosure). Figure 4-4, on page 4-7, shows the
locations of the terminal screws for connecting the power supply’s
18-24 Vdc and ground lines to the 437 board and to connect the 0-5
Vdc output signal and ground to a receiving device.

Refer to the 437 PCB assembly drawing included in Appendix A for
exact locations of the four mounting holes on the 437 board.

4.9 Power Supplies

A 18-24 Vdc power source and power supply ground must be supplied
to the 435DC’s 437 electronics board. The 18-24 Vdc¢ and ground can
be supplied through the cable attached to the cannister assembly on
the transducer, or directly to the 437 board itself when it is installed a
rack module (430DC/435DC-RM), NEMA 1 enclosure
(430DC/435DC-N1), or custom enlosure (430DC/435DC-PC).
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The 191RM-.6 (0.6 Amp), 191RM-2.4 (2.4 Amp), 191RM-4.8 438
Amp) and 191RM-12 (12 Amp) rack mount power supphes are
available in 115V/50-60 Hz or 220V/50 Hz configurations to pr9v1de
- the 18-24 Vdc input to the transducer. Figure 4-7 shows a possible
configuration of a system using multiple 435DC Transducers, a
141RMD Multichannel LCD Display, and a rack mount 191RM

power supply.

Figure 4-7. 191RM Power Supply, 1 41RMD M_ultiqhannel LCD Display,
and Multiple 435DC-RM Transducers Configured in two 19" Rack
Chassis ‘

[ 191°m POWER suPPLY |

KURZ INSTRUMENTS .

4.10 141RMD Multichannel LCD Digital Display

The standard 0-5 Vdc output of up to twelve transducers can can be
connected to the 141RMD Multichannel LCD Display. The 141RMD
is a 42" rack module that displays the flow rate of the selected
transducer (one of twelve) in Standard Feet Per Minute (SFPM) or
other optionally selected units.

4.11 Optional Engineering Units ,

The standard units of measurement displayed on the panel meters of
transducers so equipped are Standard Feet Per Minute (SF.PM).
Readouts in other units of measurement are optionally available.
Some of the more common units of measurement available are listed

below.
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]
L)

b

(A ) ____) M .

|

If you prefer a unit not listed, contact Kurz Instruments for more
information. '

o Standard Cubic Feet per Minute per square foot (SCFM/ftz).
o Pounds Mass per Minute per square foot.

o Standard Cubic Feet per Minute (SCFM). SCFM, unlike
SCFM/ft”, is a direct measure of the mass of air flowing through
your pipe or duct. If you want a readout in SCFM you must supply
Kurz with the exact cross-sectional area (in square feet) of your
pipe or duct at the point where the transducer will be permanently
mounted.

« Pounds per Minute (Ibs/min). Again, this is a direct measure of the
mass of air flowing through your pipe or duct. If you want a readout
in Ibs/min you must supply Kurz with the exact cross-sectional area
(in square feet) of your pipe or duct at the point where the
transducer will be permanently mounted.

« Standard Meters per Second (SMPS)

4.12 Dual Alarm

The Model 111R1 dual alarm board allows you to activate an audible
alarm or other device of your choice based on the velocity sensed by
the transducer. The board provides two relays, one of which is
activated when velocity drops below a specified minimum, and one of
which is activated when velocity exceeds a specified maximum. You
set both maximum and minimum values by adjusting potentiometers
on the 111R1 printed circuit board. You could, for example, specify
that the low alarm relay be activated when velocity falls below 10% of
full range, and that the high alarm relay be activated when velocity
exceeds 90% of full range. :

As shipped, the low alarm relay is activated when the velocity falls

- below 20% of the full range and the high alarm relay is activated when
- the flow velocity exceeds 80% of the full range. ‘

The low-adjust and high-adjust potentiometers are shown in Figure
4-8, as are the terminal screws used to connect the 111R1 board to
other devices. ,
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To set the low alarm value, you must, with the 111R1 board properly
connected, run a flow whose velocity represents the desired low alarm
limit past the transducer’s sensor. You then adjust the low-adjust
‘potentiometer until the low-flow relay closes.

4.14 Sensor Safety Circuit

The optional sensor safety circuit on the 437 board limits the
temperature that the velocity sensor can reach in the unlikely event of
a serious failure. The sensor safety circuit employs a
ballast-resistor/zener combination to limit the amount of power
supplied to the sensor. You must specify the gas in which you intend
to use the sensor — the calibration of the safety circuit is gas specific.
It is strongly recommended that you select this option if your
transducer will be used to monitor the flow of explosive gases.

To set the high alarm value, run a flow at the desired high alarm limit
past the sensor and adjust the high-adjust potentiometer until the
high-flow relay closes.

Figure 4-8. Model 111R1 Dual Alarm Board

NOTE: Even with the sensor safety circuit installed, the sensor
normally operates at an overheat of approximately 100° F above the
ambient temperature of the gas flow it is monitoring. It is the user’s
responsibility to ensure that the ambient temperature of an explosive
gas flow is kept substantially BELOW the ignition temperature of the
gas. Contact Kurz Instruments if you need further information about
using the 430DC or 435DC in explosive gas flows.

| High Adjust -
Low Adjust

o

Zldldiddda
T4 5 6 7 8 9\ 10\

B4+ 5 8 7
] | e |

-0
O

" Low-Flow Relay High-Fiow Relay Tnput

4.13 Totalizer

l The optional Model 101 Totalizer counts and records the total units of

g - flow that have passed the sensor. The totalizer is available calibrated

. in any of the engineering units discussed above at 4.11. The totalizer
is available in resettable and nonresettable versions.

End of Section 4
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Section 5: Testing

. This section describes some of the bench testing procedures you can
perform on the Model 430DC and 435DC. You may want to perform
these tests before you install the transducer and/or at regular intervals
thereafter to verify that the unit is functioning properly.

NOTE: Any warranty service to be performed at the customer’s site.
must be previously approved in writing by Kurz Instruments.
Nonwarranty service should be performed only by a certified electrical
technician. Refer to Appendix A for component layouts and
schematics.

S o S ) | Before you perform the test, check to make sure that the followmg
o B R conditions are met: ‘

| e The 437 electromcs board is properly wired to a power supply. The
- : 18-24 Vdc input should be wired to terminal screw 1 and power
- ' ~ ' 4 supply ground should be wired to terminal screw 2 (refer to Figure
: : . ’ . S _ | ] 4-4 on page 4-7). The power supply should be turned on only after
. L ' all connections have been checked. ‘

o The wires from the sensor are correctly connected to the terminal
stnp of the 437 (refer to Figure 4-4 on page 4-7 and Table 5-1). The
wires from the sensor are normally connected before shlpment but
- should be checked for this test. The colors of the sensor wires vary,
depending on the kind of wire or cable used — Refer to Table 5-1.
With the standard cable the sensor cable’s metal shield serves as a
conductor and should be connected to ground. :

e No flow is moving past the sensor. -
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“,‘,1?,15,5";«,1,-, Sensor, Cable {Wire Colors %tgi Termna{ Cor.mef.cgvz_gfng

T e e e
. rSignal \ Wire Sandard HT or Tef%el\
T e e et |
llit;::gNNg \Ii]:;te gzhx;;z | ﬁ/Green 2
Shield - )

electronics is not in the cannister. The

ield i - i lectronics enclosure. The

hield is connected to earth g_round in ghe e

-ii;cuit ground used on the 437 board (i.e. Ree GND, Rp GND, and
GND) is not connected to any other ground.

* Shield is used when the 437

5.1 Power-On Voltage Test . o .
N . y - L) * . . 1 malor
The following procedure will verify operation o e ‘
circuits on the 437 electronics board usedm@e 430DC am;l 43511:DaC;3
To perform the power-on voltage test, you will negd a digital voltag
meter accurate §9'within ‘+/-.OO.1' Vdc . A

i f checki 2 . C ground
t consists of checking the voltage between D
’(r'lt‘leer:nén:loScrewa) and each of the points listed below. The correct

voltage for each point is listed below. The points are called out in

Figure 5-1 on page 5-4.

Stepl: Check the bridge voltage: 3.5 Vde +/-25%.

e voitage between ground (terminal screw 2)
Srlllg ‘t:il(et?unctiong of zener diode D5 and resister R2. /
This is the bridge voltage and §hou1d read 3.5 Vdc +/-
2.5% (this is the nominal reading; refer to your ;
calibration certificate for the exact rated voltage 0

~ your unit).

‘ . If the bridge voltage is. +5 Vdc or more
?&th”ﬁ'a AW movingfpisttﬁ sefisor), ‘and does not 5
start to drop below five volts within five to ten §feconoi'

i power,off immsdiatély qSupplying pOWeE for,more ]
’@' ﬁ\&'to ten seconds ypdet hese conditigns may,
esult i daniape togthe probe

Step 2:

Step 3:

Step 4:

Step 5:

Testing

Check the + 15 Vdc voltage supply: +15 Vdc +/-3%

Check the voltage between ground and right leg of
capacitor C3 (or pin 4 of U1, U2, or U3). This is the

+ 15 Vdc supply voltage and should read +15 Vdc, +/- -

3%. This voltage is used to generate the -9 Vdc supply
which is used to generate the -5 Vdc reference voltage.
The + 15 Vdc supply is also used in the zero and span
circuit, in the linearization circuit (435DC only), and for
the voltage to current conversion when the 4-20 mA
option is installed. -

Check the -9 Vdc voltage supply: -9 Vdc +/-3%

Check the voltage between ground and the left leg of
R16 (or pin 11 of U1, U2, or U3). This is the -9 Vdc
voltage and should read -9 Vdc +/- 3%. This voltage is

used to generate the -5 Vdc reference voltage. Itis also

used in the zero and span circuit as well as the
linearization circuit (435DC only) on the 437.

Check the -5 Vdc reference voltage supply: -5 Vdc +/-
01%

Check the voltage between ground and the left leg of
R19 (or pin 1 of U3). This is the -5 Vdc reference
voltage and should read -5 Vdc +/-.01%. This voltage
is used in the zero and span circuit as well as the
linearization circuit (435DC only) on the 437.

Check the non-linear signal: 0-5 Vdc +/-.025 Vdc at
zero; +/-.125 at full span. - \

Check the voltage between ground and either leg of
jumper E1 (or pin 14 of U3). This tests the zero and
span circuitry (as long as the other voltages are correct).
This voltage is then linearized (435DC only) to provide
the 0-5 Vdc or 4-20 mA linear output.

53




Figure 5-1. 437 Electronics Board Test Points

Appendix A: Component Layout Drawings

-9 Vdc » This appendix contains components layout drawings for the Model
B 430DC/435DC transducer and its components. These drawings are
included as an aid to those users who want to perform their own
testing and servicing as described in the manual.

11 11
QOQOQO0 QOOOOQO
Xb p Ut 4 uz-

(A6l OTOSO000 O0000O00
4 4

NOTE: If you want to perform your own warranty service, you must
first obtain written authorization from Kurz Instruments.
Unauthorized service performed during the warranty period voids
your warranty. Please read the warranty statement at the front of this
guide before performing any service.

o0 gg g The following drawings are included in this appendix:
| Drawing No. Description
420123, Rev A ~ Model 437 PCB Component Layout
, B50030, Rev B Model 430/435/560/565 Flow Body Cover
l '— Detail
, +3.5Vde C43070001, Rev A Model 430/435DC Linear Air Velocity
0-5 Vdc Nor:l-l,.'.in,ear o .- Transducer One Piece Package Assembly
Signal Input 420006, Rev B Model 132 PCB Component Layout
420099, Rev B Model 111R1 Dual Alarm Component
Layout
420001, Rev B Model 101 Totalizer Component Layout

End of Section 5

54 Model 430DC and Model 435 User’s Guide Appendix A v . . A-l




| 30 | uwe ] )\ ;T Iwos
v _ selozy .w.

TR IR B aw e 60 e A L S v s ¢ :
ey aesv i wawrion] 0| ow oo, e A RO A
L8V ‘A8 €0d NOLL 14330 ON_13vd NISIVE ¢ HIATSA TUA 280N SAIWOLSAI WI0 804 9
IN301 ON_18vd : $34IA 0L A4
ONINI00S 30436 LIL/TE91/E DL STVAT 16 1M Y

y L
. AIND 3SOcNd ALIIVS)
DNI SINIWNALSNI Z4N AT . 204 GRS K U 3508
S91/15,8/1 HLIA CTWKISSY M Q1L 90509 Ty
€34 D JA0MIVI HIIA GIWWISSV € 0L omn..ha«
09000€# DAG 138 WYOVIL JILVHMIS d034
EIAAIdS ISIANIHIO SSIWN SILON

Tt
{1

—— ===

FTTTITITINIY

i T |
sar \ -y g |
L {
X s |
0071 2
c292 <
0002
28
z 90@0 0Yoed
+*
hwun.or@ﬁo o @ o@o@EE om0 o)
0 @ evd [Zavu |00O[C vy
0YE d  fe—sgar
000y
3
fi—
_w__
I I
- m
S8 W3l @ _10ding DSI-NON VW02-v ¥0J 3S013 3 _m
T WM1L @ INJIND DSI-NON v-02-0 ¥D4 3s013| 6373 ...m
B35 10N (ALI4VS) LHTRID ONILIATY ‘il 41 33019 3 i m _
B0 Wil @ NI L3K-) 300k (N3IN8iD 804 35010 | STv3 m I
FA0W_30V10A d04 3s0 ] €3 ~ a
{0-> £8 WNIL @ INdiNO0 NI1-NON 303 30| 23 m
20> €F Y3l @ INdinD ¥vani1 303 3son] 13 _.m.
] )AL NS S NOTLJIA3S 3 AT L] gl
m.‘. YN 733,08 [89-0- OOLYLEYY * GITLIVH'OIF 334 QISIATY] V : 98Y1L NOTLVENOI INOD d3dWNC - _
AWM |y B e Auw
R el -—n Lincd D d ot m
— hi

, L A N . - _ . ‘ - tr



1 4 v
WA 1 s m — g'-l.u atvo sevyise e AWRIEEY LXI
.N J«‘ 0C00SY  oonol sswme 977730 vﬂ@h ...mmm um
" Nt
TIVIAA HTA0D AdO0H MOTH m Q : “-a: "
$9S/095/S6+/08F TAAON wn =% %Wuﬂ% = e
y = ..l-.:.n.tt == h-ml‘l?lqg
"DNI SINIWNYLSNI Z3NX -

13}

. :ﬁ

'$,97d (2> 370H
FONVAVITIO0 Ov-r# NINA

LI 95¥ % V3334 U3BIAIL) €

/

.._
a

e

ea— r 98l
!

| )

U

AU

[etdad

‘AIND3 A0 (v66S dLS~-C3D

8ZLL2% 31IHA-J340 30700 INIVd HSINI4 @
‘Yyy-81Z# 1IN00dd
‘00 "O4W D¥3Z WONS AJIAOW "LLYK °

_.01|||| (sLel ||I.|'_

748 4]

....Ii}ﬁ 9g

AITENEIDES SV L4TINT FONING WINIO0 ANV Y04 O DI LIV AVIE WO4 SUIMLO OF

oo g

WINIO 04

BTN FIVG 1IN RN VIO SN WOR JNIRAIOND Swit STHLIIN W IUME SE0 VNG
NOLVINIOAS DL 38 OIENT Wt SUY SINDNE AUV DNACNE I8 SLPRmUASE i)

AI%0 Y9N WO Q38N WO




l

401 umal INON __ »ww

1000£0€YD .m.v.. :

ATQWISSY F9WVNINd 3031d N0
YIVNASNVEL ALDO0T3A WY AY3INN
30 Sev /7 OEd 300N

"

]i‘q -

EZ

*DONI SINIWNYLSNI Zd4NX

. pe §L7 —o
_ 14 .
m .
- |
( ,..T
LG0T+ HLIN 30 56 $00- 0ug .
TRO@¥HLIM ¢ 0w £00-
SSV 0 So¥ 1300W | 200-
- 1SSV 90 OV 13GON| 100~
NOULAWISI0__ | 0N 14
3007 NOUVILINSGL ON Lévd
J
LW VCLF
o N | € TUHM
ASIE | 3 a3 o2
QN9 vii] WNW
NOLLINA | Nid | HO10) 3¥iA

318¥L NOILI3NNGD JdiM

T V/N[T G Tapms] GQOLHSIS ¥ *NQD3 A3d UISININ} ¥ , _ TR NOLIIND WM 3% Y/
| e ..u.-.ﬂ...h.h. [Pup—— - ) 6871 2 K13UVAIXOHIHY LHIIAM )
Ay Q417345 ISIMBIRLO SSIINN GILON

Jll.lﬂﬂ.ﬂﬂuﬂﬂw_ﬂ_nuﬂ.ﬂwﬂ.ﬂ..-h




1 _ T 4 £ | v mane
| 3t 1 ama] 1:2 v ve - ] A vty 1xmn
v Fbioddd MV l'lmull
m QQQON+ o “f 58] 4 Pl olevy : ONE v/
adw ﬁ.& WD DG / dawe * .'“.m n"
e ¥
1 00AVY LININOIWO) ur... e ..‘:.lla..!
e y :
Y3LNAN0T L0dLN0 WIS ILVIOSH el 7N L0 v Tove
q ./.7 Z2EI 1300 mmn.m <o<w¢..<...!l v SENoL [T AR A v
LY = hdbdundd TAORt PRAMDUD BT 53wl h-_‘\_ «Mrs,umm.ov
. v 20
537 N3¢ 3-0
TGN NGt dC
NOILWNDIINGT_ESdWit
CINWAISNE NARTRT TINANOIWTL Y
GN9 NI A+ “ON TVIN3S
i ! zel
£ gL 13001
=
- z 000000 @
) .
1
- .v\g 4
. 1O o0{31+06.6/0 4|~ O
{ee] e
3 ¥ILGANOD GIUVIO8 reTet Z)
s - L
. - 1 |
QR g ~
J ° L I 2 “
° i
{373 00
] oo [o] Ou m_m
| fes} - :
!
it
i
!
§
!
3 ila
ot /N[ ] soaLveqiveon 073 ¥3d aasAT] 8] *G3YINO3Y SY GISN 38 TWHS ¥3dWnr odIw .m m
< LT : NO.LdC AT . \ -9 - H
o A YN e R e B EVERE Wk Sk B SOva G33MLID MIWC WAL ¥ OOV LNO W G2-% * N\ v 02-p NOILIO 304 A4 w
sl T B g s COO00E WWHOVIG JLVWIHIS HUM NOILINACNOD NI Q3SN 38 OL ONIMVYQ SHL ) {
poo—" 031417345 35IMYE3HL0 SSIINN 1S3LON )
]
e O wesmm | s a0 s S A — I»llsr&olrr




s s e Do emmwr e

i 98] bbOQTH |8

o] 2N son

€00 ¥ XXX
= NN
FONYHIT0L

57 512 ] ~vaserds 204 1/2: 3108
Wi ASSY ¢ 80d el e
B R 3ELY
‘HD'S5¥7 "ED"EIAT\BL 32V 039N Had 43Y 15V 2
‘ Q20005 » "©M3 NYADVIS
NLVHIHIS [ NOLLNNINGY M 035N 39 OL 'HMQ SIHL
* ¢3LON
TN s  AIRIH Avmae ANZ2OT A7 01 M RIS 0N Holms  WNIava
o_1m,®,\. S ¢ v _ ¢ _ ¢ | |
AV AV ANV AVIAVAY V1Y )
. - ot -~ . et hed .u-. et ~
=2 ol A |mvl
AP
[] []
| 19| W NN 1] [ 1 W N W)
o o 2 L]
9 2 3 °
—_— 1 &= (=] .
e T s e
(9 20153107 | o132 ]
) ?TI_ _ 2D &)
@
. i ‘fov
14] €12 13
5
1
o an ‘rav
€ JAatr]
)
I an
-]
Ol | @) === ]
‘C0F 427
NOUVIAALNIA!
WOLSISNVYEI
s s pALIEZALD ~
1G6/ov | 58-or: 4500V $5.L0N ONV J3lvag~] v
arev} 3Lve NOWUAINDISET 1.32 N_W.l
SN0!15i1332 NOIL41Y 530 ‘ON  luvd




INON Tve

10002+

O W
———

LAOAYT IN3INOdWO)

¥3ziwioy P U=

101 300N

WAS-C NS | 6-18L

aNg g-181

"ONI SINIWNALSNIE Z3NN

10 S+ L-\QL

100 214 9- 18l

“
e

-1

¥ 2Ly ON 013 ¥3ad QISIAY

100LPI01Y QI3 ¥3d Q3SINSY

[ ]

)
vy —

(91-90 Si-) WA~ G-18L
WIINNGY M2 v-181
¥IINNG) 481 ] E- 191
ang 2~ 181
[G+ oL 514) W A+] 1 - 180
(8D ®WI018 TvMIWaIL] -

'80d 3HL 0L 300HIY) 3NL HLIM GIBW3ESSY 38 QL §30010 Ty €
UUIY SV ITMNISSY OL ZU0X FLNdNL VROZ-y UM AINO B 3sn \F

1Q000E WVEIWIO JIVNIHIS HUIM NOILINACNOD Ni a3SN 38 OL ONIMVHd SIHL
Q31417345 ASIMAINLO0 SSTINA :SILON




