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Series 670 Digital Flow Averaging Array

This technical manual describes the Series 670 Digital Flow
Averaging Array, the most advanced flow monitoring system ever
designed and manufactured by Sierra Instruments.

Warning messages (precededby WARNING!)indicate that when
a specific procedure or practice is not followed correctly, personal
injury could result. '

Caution messages (preceded by CAUTION!) appear before some
procedures in the text. If these messages are not observed,
damage to the equipment could result.

Text appearing <LIKE THIS> denotes operator buttons on the
Collector-Box front panel.

Within the text the terms flow array, mass flow array, flow
averaging array, and Series 670 Digital Flow Averaging Array
are used interchangeably.

This manual contains fourteen sections, eight appendices, and
an index.

¢  Section 1, this section, gives an overview of the technical
manual.

e  Section 2 describes the principles of operation of the Steel-
Trak FR sensor.

e  Sections 3 and 4 discuss installation and use of the flow
averaging array probes and Probe-Boxes.

e  Sections 5 and 6 provide additional information about flow
monitoring.

*  Section 7 explains system maintenance procedures.

*  Sections 8, 9, and 10 discuss installation and use of Collector-
Boxes.

e Sections 11 and 12 explain maintenance and calibration
procedures about Collector-Boxes.

*  Section 13 contains troubleshooting information for a Series
670 Digital Flow Averaging Array and 920 Collector-Box.

*  Section 14 describes the procedures for returning part or all
of your system to Sierra Instruments for repair or recalibra-
tion.

*  Appendix A provides specifications for the Series 670 Digital
Flow Averaging Array.

Overview

About the
Operators
Manual

1.1
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Appendix B describes the RS-485 communications interface.

Appendix C explains the use of Collector-Box Emulator
software and the hardware that it requires.

Appendix D describes the locations and use of the LEDs on
the Controller board.

Appendices E, F, G, and H show critical component locations
for a Digi-Bridge board, a Probe-Box Controller board, a
Probe-Box motherboard, and a Collector-Box motherboard,
respectively.
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Sierra’s unique Steel-Trak FR sensors are responsible for the
accuracy, ruggedness, and reliability of Sierra flow arrays.

Each sensing point has two sensors: a velocity sensor and a
temperature sensor that automatically correct for temperature
changes. Both sensors are reference-grade platinum resistance
temperature detectors (RTDs).

The stability and repeatability of RTDs has made them the NIST
standard. The platinum RTD wire is wound on a rugged ceramic
mandrel for strength and stability. Steel-Trak FR sensors are
clad in an exceptionally rugged, sealed, 316 stainless steel en-
casement, or thermowell.

A circuit heats the velocity sensor at a constant temperature differ-
ential, Tv-T, above ambient and measures the cooling effect of the
air flow. The resulting output provides low-speed sensitivity and a
rangeability of 1000:1. Velocities as low as 10 SFPM and as high as
12,000 SFPM are easily resolved. Since the heat is carried away by
the molecules in the air (see Figure 1), the heated sensor directly
measures air mass velocity referenced to standard conditions of 70°F
(21.1°C) and one atmosphere. In the case of duct flows, the Sierra
flow arrays monitor the average mass velocity over the entire cross
section of the duct or pipe, which, when multiplied by the cross-sec-
tional area, yields the total mass flow rate in SCFM. The flow
averaging procedure is described in Section 5.

Mass flow rate is frequently the quantity of direct interest in
combustion, heat transfer, and any chemical process. However, if
the actual velocity in FPM or the flow rate in CFM is desired, the
operator simply can multiply the reading by the ratio of the stan-
dard air density to the actual air density, as shown in Section 6.

Principles Of 2
Operation

Figure 1
The Sierra Thermal Principle

Page 3
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Series 670 Digital Flow Averaging Array

WARNING! Sierra Instruments flow arrays are not approved by
any testing agency for installation in a hazardous location. If an
application requires maximum safety, you must use an optional
explosion proof enclosure and place all wiring in solid metal conduit
according to NFPA approved practices for the specificrating required.
You must also ascertain that there is no need for an explosion-proof
assembly within the duct or pipe. The sensors themselves have the
potential, in the Auto-Self Clean mode, to heat up to 400°C.

WARNING! All installation procedures must be performed with
the power off. For all installations of flow arrays, standard industrial
wiring practices apply. Local codes typically require the use of solid
metal conduit. For explosion proof enclosures, solid metal conduit is
mandatory. In general, the use of solid metal conduit is recom-
mended as good wiring practice.

Due to the highly application-specific nature of multi-point flow
measurement systems, please refer to the following installation
suggestions, Appendix A, Specifications, and the Sierra Instru-
ments engineering drawings supplied with your system (these
are the drawings that were approved by your design engineers).

Note: If your system contains a Collector-Box, refer to Section
8, Collector-Box Installation.

e In general, you should install probes three-quarters of the
way down the longest straight length of duct or stack avail-
able. Ideally, thirty pipe diameters (minimum) straight run
upstream and ten pipe diameters (minimum) straight run
downstream provide maximum accuracy. Twenty diame-
ters upstream and five diameters downstream can yield
acceptable results if the system can be calibrated in situ and
the flow profile is consistent over the entire range.

*  Particulate build-up on probes mounted in ductsis generally
heavier and more difficult to remove than particulate build-
up on probes mounted in stacks. If you have a choice where
to mount the probes, stack mounting is preferable to duct
mounting from a maintenance standpoint.

* Particulate build-up on probes mounted in close proximity
to a boiler is heavier and more difficult to remove than
particulate build-up on probes mounted well away from a
boiler. If you have a choice where to mount the probes, keep
them after precipitators as far from boilers as possible.

Installation

Mounting of
Probes and
Probe-Boxes

3

3.1
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Figure 2
Proper Probe
Orientation

Page 6

When the probes are installed and electrical poweris applied
to them, the thermophoretic force generated by the heating
of the sensors will keep the sensors free from particulate
build-up. However, when power to the system is turned off,
particulate build-up can become so significant that even the
Auto-Self Clean function will be unable to remove it. Thus,
after installing the probes, turn on power to the system as
quickly (ideally, within fifteen minutes) as possible.

Your flow array has been designed so that the sensing point
of each mass flow sensor is located at the approximate center
(centroid) of equal areas, if possible.

Check the sensor element orientation so that flow passes
directly through the sensor shields. The plane of the sensor
shields in a probe should be perpendicular to the axis of the
duct or pipe, within a +5° pitch angle and a +5° yaw angle.
The arrow on the flange indicates the direction of flow. Refer
to Figure 2.

AmCTION BOX. SENIOR BIELD

u j—
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A ) lI [ll \
e
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Series 670 Digital Flow Averaging Array

¢  Check the system for upstream anomalies; e.g., leaks or
valves that might drastically change flow rate unexpectedly
or cause turbulence, heaters that might cause rapid temper-
ature excursions, etc. .

¢  Although the sensing elements are rugged, take care not to
damage them during installation.

¢  Probes are mounted on 4-inch diameter, 150 pound flanges.
A 6-inch, 150 pound flange is optional.

*  For measuring low flows, it is important that the probe be
mounted securely to the flange to ensure accurate results.

*  Mount the Probe-Box in a dry, vibration-free location where
the temperature remains between 32-122°F (0-50°C). We
strongly recommend that you connect purge air to the enclo-
sure even if it is not exposed to weather.

e Install an in-line power switch in the AC line to the Probe-
Box, even though the Probe-Box has its own power switch.

*  Finally, check thelabel on the Probe-Box to verify that it has
been built in accordance with your known system pressure,
temperature, gas composition, power input, and signal out-
put.

_ Field wiring for a typical Series 670 Digital Flow Averaging Array
is on terminal strips within the probe heads and also on terminal
strips in the Probe-Boxes and Collector-Boxes. (See Figure 3 for
a typical system wiring scheme and Section 8, Collector-Box
Installation, for illustrations of Collector-Box field wiring.)

Field wiring of sensors is on terminal strips within the probe
heads (see Figures 4, 5, and 6) and within Probe-Boxes on the
Digi-Bridge boards (Figure 7).

Field wiring for Probe-Boxes and between Probe-Boxes and Col-
lector-Boxes is located on terminal strips within the electronics
enclosures. (See your approval drawings, Figures 3, 9, and 10,
and Appendices G and H for locations of the terminal strips).

Access to Field
Wiring

3.2

Page 7
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Figure 3
Typical System
Field Wiring
Diagram
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Velocity |

Sensor

Temperature
Sensor

Velocity

Sensor Wires

Temperature

Sensor Wires

White

Red

Black

Green

Brown

Figure 4
Sensor Terminal Strip
Wiring Diagram A

Figure 5
Sensor Terminal Strip
Wiring Diagram B

Page 9
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Figure 6
Probe Head
Terminal Strip
Layout Point #1
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WARNING! Normally, 24 VDC power is utilized for short to
moderate runs, safety, or because it is readily available. It is
usually considered safer than 115/230 VAC mains power due to
its much lower shock hazard, although it is no safer than 115/230
VAC mains power from the point of view of hazardous atmo-
spheres. :

Refer to Section 3.2 for instructions on locating the field wiring.

A three-circuit terminal strip within the electronics enclosure is
marked for power wiring. Connect the wiring in accordance with
your approval drawings.

Select one of the available 3/4" female NPT entry ports on the
Probe-Box when connecting power. Use one or more of the other
NPT ports for signal wiring. This will help keep low level,
isolated signals from contacting power supply voltages.

CAUTION! Be sure that your Probe-Box is equipped for
100/115/230 VAC input power by checking the serial number
label on the outside of the unit.

The load represented by a flow array is about 15 VA (500mA)
maximum per point. See Table 1 for recommended wire gauge
versus distance from power source. Local electrical codes may
require heavier gauge wire than called for by the table.

Power Supply
Wiring

100/115/230
VAC 50/60 Hz
Input Power

33

3.3.1

Page 11
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Table 1
Recommended Wire
Gauge (A.W.G.) for
115 (230) VAC Mains

Power
100 (30) 500 (150) 1000 2000 3000 4000
(300) (600) (900) (1200)
4 14(14) 1414 14 (14) 14 (14) 14 (14) 12 (14)
8 14 (14) 14 (14) 14 (14) 12 (14) 10(12) 8(12)
12 14 (14) 14 (14) 12 (14) 10(12) 8 (10) 6
20 14 (14) 14 (14) 10(12) 8 (10) 6(8) 46
30 14 (14 12014 8(12 68 4(6) 2
40 14 (14) 10012 610 46 20 2@
50 14(14) 8 (12) 6® 4(6) 24 G
* Not Recommended, requires greater than 2 gauge.
** Based on maximum voltage drop of § volts for 115 VAC and 10 volts for 230 VAC
Mains, 15 VA loads and the following wire data of ohms/ 1000 feet for 2 conductors:
14ga.5.15,12ga. 3.24, 10 ga. 2.04,8 ga. 1.28,6 ga. .81, 4 ga. 51,2ga. .32
3.3.2 24 VDC Input CAUTION! Be sure that your Probe-Box is equipped for 24 VDC
Power input power by checking the serial number label on the outside

of the unit.
The load represented by a flow array is about 15 VA (500mA)

maximum per point. See Table 2 for recommended wire gauge
versus distance from power source.

Page 12
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Table 2
Recommended Wire
Gauge (AW.G.) for 24
VDC Power

25(@) 100(30) 500 1000 2000 3000 4000
(180) (300)  (600)  (900)  (1200)

4 14014 1404 802 400 2© G G
8 1404 124 400 2 G % ™
12 1404 1004 26 G @ ™ ¢

20 1404 804 ") @ ™ ™ ™

* Not Recommended, requires greater than 2 gauge.

** Based on a maximum voltage drop of 4 volts for 24 VDC.

CAUTION! The cable supplied by Sierra Instruments to inter- Remote Probe 3.4
face a sensor with a bridge board in a Probe-Box is calibratedas ~ Wiring (350 feet
an integral part of the precision flow measurement circuit. Al- maximum)
though a 5-wire bridge with cable compensation is used, if the
cable length is changed, either by making it longer or shorter, the
accuracy of the flow array may be impaired.

The following sections describe signal wiring for the Series 670 Signal Wiring 3.5
Probe-Box. Signal wiring at the flow array is via terminal strips.

Refer to Table 3 for a general description of the signal wiring for

the Series 670 Digital Flow Averaging Array.

For all Probe-Boxes, standard industrial wiring practices apply.
Local codes typically require the use of solid metal conduit. For
Probe-Boxes in explosion proof enclosures, the use of solid metal
conduit is mandatory. In general, the use of solid metal conduit
is recommended as good wiring practice.

Page 13
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Table 3

Signal Wiring,

Series 6

70 Digital

Flow Averaging Array

3.5.1

Page 14

0-5VDC and
4-20mA Outputs

4-20mA Output 4-20mA output representing measured
flow value

Ground Analog ground for 0-5 VDC and 4-20mA
reference

0-5VDC 0-5 VDC output representing measured
flow value

Ground Ground reference for RS-485 shield

RS-485(+) (+) of RS-485 interface for Collector-Box
and SierraNet

RS-485 (-) (-) of RS-485 interface for Collector-Box and
SierraNet

Note: Depending on the model, your flow array might not have all the signals listed.

All Probe-Boxes are equipped to provide both 0-5 VDC and
4-20mA output signals. These signals are 0-100% linear repre-
sentations of full-scale. Check the serial number label on the
outside of the enclosure for the full-scale value and calibration
gas for the Probe-Box.

The 0-5 VDC signal can drive a load resistance from 1,000-2,000
ohms and is output from “0-5 VDC” and “GND.”

The 4-20mA signal can source up to 500 ohms including drops in the
signal wire and is output from “4-20mA” and “GND.”

Note: This is not a loop powered device.
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Included in the Probe-Box is an EIA standard RS-485, serial,
bi-directional interface. This interface allows up to ten Probe-
Boxes (containing a maximum of 32 sensor points in various
configurations) to be daisy-chained on a single twisted-pair plus
shield cable. Maximum distance is 4,000 feet (1,200 meters)
using 24-gauge, shielded, twisted-pair cable.

If you have a system that includes a Collector-Box or a PC-com-
patible computer using Collector-Box Emulator software, the
RS-485 interface is transparent and all the details of interface
protocol are handled by the Collector-Box or computer software.

If your system uses a IBM-compatible computer and Collector-
Box Emulator software, the computer must contain an RS-485
interface card or RS-485 interface adapter configured as a serial
communications (COM) port.

The RS-485 interface card, Sierra part number 65-0054, may be
installed in either an expansion slot of the computer or connected
externally to an RS-232 COM port. (If more than one card is used,
only one may be connected at a time, and the wiring to the others
must be disconnected.)

An RS-485 interface adapter is available from Sierra Instru-
ments or Telebyte Technology, Inc. (Call Telebyte Technology at
1-800-835-3298 and ask for their Model 266F.)

Refer to Appendix B for a detailed description of the RS-485
protocol.

RS-485 Interface

3.5.2
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CAUTION! Before turning on the power for the first time,
double check all power and signal wiring, especially the wiring
in the probe head and on the Digi-Bridge boards.

There are two configurations for Series 670 Digital Flow Averag-
ing Arrays:

¢ Flow array with Collector-Box—0-5 VDC and 4-20mA
analog outputs are available from the Collector-Box. These
linear outputs, which are proportional to flow, may be biased
in the Collector-Box. (If your system contains a Collector-
Box, refer to Section 9, System Configuration, before pro-
ceeding.)

¢  Flow array alone—0-5 VDC and 4-20mA analog outputs
are available from each Probe-Box. These linear outputs are
proportional to the flow. (This option does not meet EPA
CEMS requirements.)

After applying power to the Probe-Boxes (and the Collector-Box
if it is installed), watch the for the flow to go high. It is normal
for this condition to persist for a few seconds during which time
the velocity sensors are heating to their operating temperature.
Then the flow indication will rapidly approach the value of the
flow (or zero if no flow is present). After several minutes, the
system attains maximum accuracy. (You can turn the system on
or off at any time without fear of damage.)

CAUTION! We recommend that you leave the system turned off
for no more than 15-20 minutes at a time if the probes are in a
- particularly dirty atmosphere. Particulate, if it is present, will
build-up on the sensors when the system is turned off, because
the sensors are not being heated.

The Probe-Box motherboard contains eight LEDs, one for each of
the Digi-Bridge boards that may be installed. Under normal
operating conditions, the LED adjacent to each installed Digi-
Bridge board is on—indicating that the Controller board is able
to communicate with the Digi-Bridge board.

Ifone or more LEDs is off, it may indicate that (1) the Digi-Bridge
boards (or the Controller board) are in RS-232 MODE (see Ap-
pendix C, Collector-Box Emulator Software, for an explanation)
or (2) there is a communications problem between the Digi-
Bridge boards and the Controller board.

The Controller board contains six LEDs. They provide different
information depending on the Probe-Box’s current operating
condition. See Appendix D, Controller Board LEDs, for detailed
information about these LEDs and their functions.

Operating
Instructions

General
Description

Probe-Box
Motherboard
LEDs

Controller
Board LEDs

4.1

4.2

43

Page 17



Series 670 Digital Flow Averaging Array

4.4

4.5

4.6

Page 18

Calibration
Voltage Output
Switch, SW1

Output Select
Jumper (JB4)

Digi-Bridge
Board Outputs

There are three pushbutton switches on the Controller board, only
one of which (SW1) is currently functional. This switch forces the
Probe-Box to generate, in sequence, a series of fixed (analog and

~ digital) calibration outputs of 100% of full scale, 75%, 50%, 25%, 0%,

and a return to normal flow with the sixth toggle. The outputs,
which change each time the operator toggles the pushbutton, can
be read at the analog output of the Probe-Box or on the RS-485
interface to the Collector-Box. The Probe-Box returns to normal
operation about five minutes after the last toggle of the switch.

A Probe-Box always generates two primary outputs:

1 an RS-485 digital output, which contains both flow and
temperature data. This output is always enabled and is
normally connected to a Collector-Box or an IBM-compat-

“ible computer running Collector-Box Emulator software.

2 0-5 VDC or 4-20mA analog outputs, which can represent
either (a) the average flow of all the sensor points con-
nected to the Probe-Box or (b) the average temperature.

Jumper JB4 on the Probe-Box motherboard establishes whether
the analog output will represent flow or temperature.

Ifjumper JB4 is removed, the average flow of all the sensor points
connected to the Probe-Box can be read from either analog
output. The analog outputs are linearly proportional to the full
scale flow specification that is stored in the microprocessor mem-
ory of the Controller board mounted on the motherboard.

If jumper JB4 is installed, the average temperature of all the
sensor points connected to the Probe-Box can be read from either
analog output. The analog outputs are linearly proportional to
the zero and full scale temperature specification that is stored in
the microprocessor memory of the Controller board mounted on
the motherboard.

Jumper JB4 also toggles (between flow and temperature) the
analog outputs of the individual Digi-Bridge boards mounted in
the Probe-Box.

The individual analog outputs of the Digi-Bridge boards can be
found on a set of terminal strips, TB5 (points 1 through 4) and
TB1 (points 5 through 8), mounted on the edge of the Probe-Box
motherboard. The terminal strips are numbered, 1 through 8, to
correspond with the Digi-Bridge boards. (See Appendix G, Probe-
Box Motherboard Critical Component Locations.)

The same criteria apply to the Digi-Bridge board analog outputs
as those that apply to the Probe-Box analog outputs (see Section
4.5).
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A Series 670 Digital Flow Averaging Array monitors the total
flow rate in ducts or pipes by monitoring the point velocity at the
centroid of equal areas in the flow monitoring plane. As shown
in Equation (1), each Probe-Box computes the average of the
point velocities of its probe(s). The grand average of the average
velocities from all the Probe-Bozxes is averaged by the Collector-
Box electronics. Each Probe-Box can average up to eight sensors.
A Collector-Box can average up to 32 sensor points. The grand
average velocity is computed as follows:

n
Vs= (Vh) D, Vsl M
I=1

where:

o Vs = the grand average standard mass velocity over the
cross-sectional area of duct or pipe referenced to standard
temperature and pressure (SFPM or SMPS)

¢ Vsji=individual point standard mass velocity at the centroid

point of each equal areareferenced to standard temperature
and temperature (SCFM or SMPS)

* n=the total number of equal areas in the monitoring plane.
Standard temperature is 21.1°C, 294.1°K, 70°F, or 530°R;
standard pressure is 760 mm of mercury or 14.7 psig

The output of the flow array can be either Vs as shown above in
Equation (1), the total standard volumetric flow rate as shown in
"~ Equation (2) below, or the total mass flow rate as shown in
Equation (3) below:

Q= Vs A 2

where:

e Qs=total standard volumetric flow rate (SCFM or Sm3/hr)

* A= the cross-sectional area of the duct or pipe (ft2 or m?).

Monitoring
Total Flow
Rate

5
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m = ps Qs 3)

where:

= the total mass flow rate (Lbm/hr, Kg/s)

* ps = the mass density of the gas at standard temperature
and pressure

The proper units for the flow display are selected by a potentio-
meter in the Probe-Box and by the keyboard in the Collector-Box.
Section 6, Calculating Actual Flow Rates, shows how to correct
Vs and Qs to conditions of actual temperature with pressure.
Example calculation:

Let’s use an example and the above equations to calculate the
average air flows for the following set of data:

Vs,1 = 1,500 SFPM

Vs,2 = 1,800 SFPM

Vs,3 = 1,400 SFPM

Vs,4 = 1,700 SFPM

A =16 ft?

ps = 0.075 Lbm/ft? for air

Using Equations (1), (2), and (3), we get:

_ 1500+ 1800 + 1400 + 1700

Vs 2

= 1600 SFPM

Qs = 1600 x 16 = 25,600 SCFM, and

. Lbm Sft Lbm
M= psQs= 0.075 3 25600 gr~ = 1920 T2
. Lbom Lbm
M= 1920 S22 = 32 =
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For purposes of in-line calibration, the Environmental Protection
Agency’s Methods 1 and 2 apply.

Method 1 specifies the number of equal areas that must be
measured in a given duct. Method 2 specifies the S-type Pitot
tube used during tests. Thus, Method 1, by definition, specifies
the number of sensor points that must be contained in a Series
670 Digital Flow Averaging Array designed for a particular
application.

NOTE: Occasionally, the EPA allows for some relaxation of
Method 1 requirements; applications with uniform flows may not
require as many sensor points as stipulated by a strict interpre-
tation of Method 1.

The minimum number of monitoring points specified by EPA’s
Method 1 is given in the following table:

12-24 inches 8 (Circular stacks)
12-24 inches 9 (Rectangular stacks)
Over 24 inches 12 (Circular or rectanguiar)

After the number of monitoring points is determined, divide the
stack’s cross-section into equal areas. The flow meter’s sensors
should be located in the centroid of each equal area. Table 5 gives
the EPA’s recommendation for the size of each equal area for
square or rectangular cross sections. The dimensions of each
area can be modified provided the cross-sectional area is the
same. (See Figure 8.)

For rectangular ducts, the following notes should be taken into
account.

e Atleast 12, but not more than 32, readings should be taken
at centers of equal areas.

e If fewer than 32 readings are taken, the traverse points
should not be more than six inches center-to-center.

Stack and Flue 5.1
Monitoring

Table 4

Minimum Number of EPA
Method 1 Monitoring
Points
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e If 32 readings are taken, the traverse points may be more
than six inches center-to-center.
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As discussed in Section 5, Sierra measures the “standard” volu-
metric flow rate Qs referenced to 70°F (21.1°C) and one atmo-
sphere (760 mm of mercury). The units of measurement are
standard cublg feet per minute (SCFM) or standard cubic meters
per hour (Sm“/hr). In most momtormg applications, Qs is the
quantity of direct interest. However, in some cases the actual
volumetric flow rate, Q, is desired. This is obtained by applying
a correction factor given by the following equation:

e-a(2)-a(2)(L) o

where:

e Q= 5 “actual” volumetric flow rate at conditions of Pand T
(m°/hr, CFM)

e  Qs=“standard” volumetric flow rate referenced to standard
conditions of Ps and Ts (Sm%hr, SCFM),

* p=gas mass density at actual conditions, g/cc

°* ps= gas mass density at standard conditions 1.200 g/cc or 0.075
Lbm/t®

* T=gastemperature at actual conditions, °K

e Ts=standard gas temperature = 21.1°C = 294.3°K = 70°F =
529.7°R

e P =gas pressure at actual conditions, mm of mercury or i)sig
*  Ps=standard gas pressure = 760 mm of mercury or 14.7 psig
The same relationship holds for correcting Vs(SFPM) to V(FPM).
Example calculation:

Your flow meter shows a reading of 800 SCFM. The gas temper-

ature is 150°F. The gas pressure is 200 psig. From Equation (1),
the actual volumetric flow rate Q is calculated as:

14.7 ) 150 +459.7

Q = 800 ( 147+ 200 529.7

= 63.0CFM

Calculating
Actual Flow
Rate

6
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WARNING! Before attempting any maintenance, make sure
there is no pressure in the line in which the probes are installed.

WARNING! Gas leaks are possible during probe maintenance.
Make sure the lines are completely purged before removing the
probe.

WARNING! All maintenance, including cleaning operations,
must be carried out with the power off.

CAUTION! Changing the output signal from the Probe-Box, by
adjustment potentiometers, turning off power, etc., may affect
other plant equipment, alarm outputs, etc.

The Probe and Collector-Box main printed circuit assemblies
(PCAs) are readily accessible after opening the enclosure. The
power supply PCA is located beneath the motherboard PCA.

The totalizer back-up battery normally lasts six years. Toreplace
the battery, return the Probe-Box to Sierra Instruments. If your
flow array requires calibration, return the entire system. Refer
to Section 14, Sierra Repair, for instructions on returning the
flow array.

Steel-Trak probes are insensitive to small amounts of contami-
nation or dirt; a little contamination or discoloration will not
affect accuracy. However, the sensors should be inspected and,
if necessary, cleaned periodically, normally during a plant shut-
down or prior to a relative accuracy test audit (RATA).

. To inspect the sensor elements, remove the probe from the duct
or stack to reveal the sensor elements (two stainless steel encase-
ments, or thermowells).

If the sensors are visibly coated with dust or powder-like partic-
ulate, use a small, soft brush to remove the contamination. Ifthe
sensors are coated with a particulate that cannot be removed
with light, dry brushing, use a small brush moistened with water
or alcohol (ethanol) to remove the contamination. Finally, if the
sensors cannot be cleaned using these procedures, try scraping
them lightly until they appear clean again.

CAUTION! Avoid using excessive pressure if you must scrape
the sensor elements to clean them.

If sensors are broken or damaged, they usually may be replaced
in the field (see Section 7.5, Replacing Sensors). This involves
probe disassembly, replacement of both the temperature and
velocity sensor, and either installation of anew Digi-Bridge board
or loading the specifications of a new sensor pair into the old
Digi-Bridge board. Sensors and Digi-Bridge boards must be
matched to one another.

System
Maintenance

Access to
Electronics
PCAs

Totalizer
Back-up Battery

Probe Cleaning

Probe
Breakage or
Damage

7

7.1

7.2

7.3

7.4
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7.5

7.5.1

Replacing
Sensors

Required Tools
and Supplies

7.5.2 Sensor

Page 26

Replacement
Procedure

You can replace sensors in the field if this should become neces-
sary. If you do replace a sensor pair, we recommend that you
replace the Digi-Bridge board associated with that sensor pair,
as well. That is, replace the old, matched, sensor/Digi-Bridge

" board assembly with a complete, new assembly.

WARNING! Before performing any work on a probe, ensure that
power to the Probe-Box is turned off.

NOTE: We strongly recommend that you contact Sierra Instru-
ments Customer Service before replacing sensors in order to let
them know what you are doing and why you are doing it.

You will need the following tools/supplies to replace a sensor pair:

*  medium flat-blade screwdriver

*  medium Phillips screwdriver

*  Channel-Locks or other large pliers

*  wrenches suitable for removing your flanges

¢  soldering iron and solder

*  heat-shrink tubing

e  high-temperature silicon

*  vacuum grease

¢ new set of O-rings

®*  new sensor pair

* twolengths of wire that are at least two feet longer than the
distance from the probe head to the sensor pair you are
replacing

When you have assembled the necessary tools and supplies, refer
to the following procedure.

1 Turn off power to the Probe-Box.

2 Disconnect probe head to Probe-Box interface cables from
all terminal strips in the probe head.

3 Disconnect the conduit containing the sensor cables from
the probe head, and pull the cables out of the probe head.
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10

11

12

13

Remove the probe from the duct/stack.

Remove the terminal strip mounting plate(s) from the
probe head.

Remove the high-temperature silicon dam from the probe
head.

CAUTION! Do not scrape the Teflon insulation from or
break sensor wires when removing the silicon dam from
the probe head.

Locate the terminal strip associated with the sensor pair
you want to replace, and remove the screws holding that
terminal strip to the terminal strip mounting plate.

Pull the terminal strip out from the terminal strip mount-
ing plate about three inches, and cut the five wires of the
sensor pair you want to replace. (See Figure 4 in Section
3, Installation.)

Remove the heat-shrink tubing and any excess wire and
solder from the terminals on the back of the terminal
strip.

Strip a half inch of insulation from the ends of the two,
black, temperature sensor wires, and solder a length of
wire to them.

NOTE: The length of wire should be at least two feet
longer than the distance between the probe head and the
sensor pair you want to replace.

Strip a half inch of insulation from the ends of the three,
velocity sensor wires (white, Red, and black), and solder
a length of wire to them.

NOTE: This length of wire also should be at least two feet
longer than the distance between the probe head and the
sensor pair you want to replace.

Tie the ends of the two lengths of wire to the handle on
the flange.

NOTE: This step is very important.

Locate sensor assembly you want to replace, and remove
the two screws that fasten the assembly to the probe shaft.

NOTE: If possible, use new screws when reassembling.
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14

15

16
17

18
19

20

21

Slowly, begin pulling the sensor assembly away from the
probe shaft, trailing the sensor wires that lead back into
the probe shaft.

NOTE: Verify that the lengths of wire you soldered to the
other ends of the sensors wires are feeding into the head
of the probe shaft without kinking. If the wires get hung
up, work them back and forth in the probe shaft until you
can pull them through without effort.

When you have pulled the entire length of the wires
through the probe shaft (except for the ends that you tied
to the flange handle), separate the old sensor wires from
the pull wire.

Disassemble the old sensor assembly.

Lubricate the replacement O-rings with vacuum grease,
and install them and the new sensors on the old sensor
assembly.

Solder the new sensor wires to the two lengths of pull wire.

Return to the probe head and slowly pull the new sensor
wires into the probe shaft.

CAUTION! We recommend that you have assistance
available when pulling the new sensor wires into the
probe shaft. The sensor wires must be guided into the
probe shaft carefully so that none of the Teflon insulation
on the wires is abraded. If the insulation is damaged
during this step, the sensor pair may (1) short circuit to
ground in the probe shaft, or (2) exhibit an increase in
resistance due to corrosion of the sensor wire.

After you have pulled most of the sensor wire back
through the probe shaft, check that the O-rings are seated
properly.

Push the excess wire into the hole in the probe shaft and
use new screws to fasten the sensor assembly to the probe
shaft.

NOTE: Tighten the screws evenly to ensure that the
O-rings seal properly.

NOTE: New O-rings are not a guarantee that the probe
will be leak-proof. Consult with Sierra Instruments Cus-
tomer Service for instructions on leak-checking the probe.
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22

23

24
25
26

27

28
29

30

31
32
33

34A

34B

35

Allow about twelve inches of sensor wire to exit the probe
head, and cut off the excess.

Apply enough high-temperature silicon into the head of
the probe shaft to create a new dam in the probe.

NOTE: Refer to the silicon manufacturer’s instructions
on set-up time.

Cut the pull wires from the new sensor wires.

Install heat-shrink tubing on the new sensor wires.

Insert the new sensor wires through the holes in the
terminal strip mounting plate.

CAUTION! Double check that you are inserting the
sensor wires into the correct holes.

Solder the wires to the correct terminals on the back of
the terminal strip you removed in step #7.

Shrink the heat-shrink tubing.

Fasten the terminal strip to terminal strip mounting
plate.

Install the terminal strip mounting plate in the probe
head.

Install the probe in the duct/stack.
Insert the conduit in the probe head.

Connect the probe head to Probe-Box interface cables to
the terminal strips in the probe head.

Install and connect a new Digi-Bridge board in the Probe-
Box (in the slot associated with the new sensor pair), and
proceed to step 35.

NOTE: If you are using the old Digi-Bridge board, pro-
ceed to step 34B.

Call Sierra Instruments Customer Service for informa-
tion about using the Collector-Box Emulator software to
load the new sensor pair constants. Burn new tables for
that sensor pair.

Turn on power to the Probe-Box and verify flow.
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WARNING! The Sierra Instruments Series 920 Collector-Box
is not approved by any testing agency for installation in a haz-
ardous location. For applications requiring maximum safety, you
must use the optional Sierra explosion-proof enclosure and all
wiring must be placed in solid metal conduit.

WARNING! All installation procedures must be performed with
the power off.

For all Collector-Box installations, standard industrial wiring
practices apply. Local codes typically require the use of solid
metal conduit. In general, the use of solid metal conduit is
recommended as good wiring practice.

Mount the Collector-Box in a dry, vibration-free location out of
direct sunlight and where the temperature remains within 32-
122°F (0-50°C). Mount the Collector-Box where the display can
be viewed comfortably. (The viewing angle is about 15° to 20°
below the level of the liquid crystal display.) We strongly recom-
" mend that you connect purge air to the enclosure whether or not
it is exposed to weather. (Debris can enter the Collector-Box via
the conduit from a Probe-Box.) We also recommend that you
install an in-line power switch in the mains power to the Collec-
tor-Box. ’

Field wiring for a Collector-Box is located on terminal strips
within the electronics enclosure. (See Figures 8 and 9 and
Appendix H for wiring diagrams and locations of the terminal
strips).

- After opening the enclosure, release the black latch on the front
panel by rotating it 90° and swing out the front panel. This will
expose the motherboard which contains all electronics except the
power supply. (The power supply is mounted beneath the
motherboard.) On the motherboard there is a 16-point terminal
strip (Figure 9) that contains all field wiring except the input for
mains power (Figure 8) and the relay-controlled outputs (Figure
10).

CAUTION! Be sure that your Collector-Box is equipped for the
proper input power by checking the power supply rating on the
label.

Mains power is connected to the power supply board located on
the bottom of the enclosure below the motherboard. If your
Collector-Box was supplied with a power cord, either plug this
directly into a wall outlet or remove it and wire directly onto the
power terminal strip, as detailed below.

Collector-Box
Installation

Mounting the
Collector-Box

Access to Field
Wiring

100/115/230
VAC Input
Power

8

8.1

8.2

83
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Figure 8
AC Power Input
Wiring Terminals

8.4  Signal Wiring

Figure 9
Signal Wiring

Page 32

The three-circuit terminal strip on the power supply board is
marked for AC power wiring (See Figure 8). The center screw
terminal connects to chassis ground. The other two screw termi-

_ nals are for AC(H) and AC(N).

Select one of the available entry ports on the Collector-Box for
connecting power only, using one or more of the other ports for
signal wiring. This will help keep low-level, isolated signals from
contacting hazardous mains power.

HOT ——— BLK /o
OND c—— GRN 4 0]
NEUTRAL ——— WHT {0
82
@ peETAlL B
. AC POWER HOOKUP, TB2, MOTHER BOARD
(10w MAX)

You can locate circuit protective fuses on the power supply board.
The load represented by a Collector-Box is about 15 VA (500mA)
maximum. Refer to Section 11, Collector-Box Maintenance, for
further information on fuse type, value in amperes, etc.

The following sections describe connecting signal wiring to a
Collector-Box. (Refer to Table 5.)

For all Collector-Boxes, standard industrial wiring practices
apply. Local codes typically require the use of solid metal con-
duit. In general, the use of solid metal conduit is recommended
as good wiring practice.

CLOSURE INITUTES 0-5VDC_OUTPUT
CALIBRATION TEST { AUX, IN ———32 14— GND RET VOLTAGE
RS—488 SHIELD 4-20mA OUTPUT GRAND AVERAGE
RS—485 TO OUTPUTS
+ RS—485 NC
PROBE BOX ~ RS_485
(SEE PN: 99-0264)

© DETAL A
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Table 5
Signal Wiring
1 Aux RS-485 Gnd (3) Shield for Computer Interface
2 Aux RS-485 (-) (3) Computer Interface
3 Aux RS-485 (+) (3) Computer Interface
4 Aux Analog In (2) Auxiliary Analog Input
5 Aux Analog Gnd (2) Auxiliary Analog Reference
6 RS-485 Shield (1) Shield for Flow Meter Interface
7 RS-485 (+) (1) Flow Meter Interface
8 RS-485 (-) (1) Flow Meter Interface
9 Aux RS-232 Cnid Out 3) Computer Interface
10 Aux RS-232 Cniri In (3) Computer Interface
1 Aux RS-2321In (3) Computer Interface
12 Aux RS-232 Out (3) Computer Interface
13 Andlog Volt Out (1) 0-5 VDC Output (Flow)
14 Analog Ground (1) Andalog Output Reference
15 Analog 4-20mA Out (1)  4-20mA Output (Flow)
16 Unused
Notes:
(1) Signals normally used.
(2) Specials only.
3) Auxiliary computer interface (not Collector-Box or Collector-Box Emulator wiring).
Included with the Collector-Box is a standard EIA-485 (RS-485), RS-485 8.4.1
serial, bi-directional interface. This interface allows up to ten Interface to
Probe-Boxes (with up to eight sensor points per Probe Box) to be Probe-Boxes

daisy chained on a single, twisted-pair plus shield cable. Maxi-
mum distance is 4,000 feet (1,200 meters) using 24—gauge,
shielded, twisted-pair cable.

The wires for the Probe-Box RS-485 interface are connected to
terminal strip TB1-7 and TB1-8, with the shield connected to
TB1-6. Be careful to observe polarity, as shown in Figure 10 and
Table 6, when connecting to pins 7(+) and 8(-).
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8.4.2 0-5VDC and
4-20mA Output

8.4.3 Relay Outputs

Figure 10

Collector-Box Relay
Outputs
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The Collector-Box is equipped with 0-5 VDC and 4-20mA output
signals. These signals usually represent the average of all Probe-
Boxes connected to the RS-485 bus (Grand Average), but are
selectable via <CONF.> to display individual probes or sensor
points.

The full scale flow value (represented by 5 VDC and 20mA) may
be modified via the <CONF.> setup procedure described in Sec-
tion 9.2.6, Digital to Analog Converter Full Scale. Normally, it
is equal to full scale multiplied by duct area.

The 0-5 VDC signal can drive a load resistance between 1,000
and 2,000 ohms and is output from “0-5VDC Output” (pin 13) and
“GND RET” (pin 14). 0-1 and 0-10 VDC outputs are optional.

The 4-20mA signal can drive up to 10 volts (500 ohms) including
drops in the wire and is output from “4-20mA Output” (pin 15)
and “GND RET” (pin 14).

Whichever analog output signal you use, be sure to use “GND
RET” (pin 14) for the signal return.

Note: This is not a loop powered device.

The Collector-Box is equipped with four relay outputs that are ‘
located above and below the main terminal barrier on the

motherboard. (See Figure 10.) The relay outputs supply dry
contacts and provide a Common, Normally Open, and Normally
Closed circuit rated at 5A at 125/250 VAC and 0.5A at 24 VDC.

FAULT( C 0
ALARMS NO 0
st ( NC 0
TOTAL ALARM (CEMs cE§ C 410
& INTERFEREACE Tesr)g NO 0
NC 0
DETAL C 783
TB3, RELAY BOARD
LO ALARM o o
(CEMS: ZERO OUT)Y N 0
c oo
HI ALARM g No
. {0
(CEMS: FULL SCALE){ nd o
T84
peTall D

TB4, RELAY BOARD
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The relays are energized when an alarm condition is active. In
addition, the fault, low, and high flow alarm relays are latched.
That is, they remain energized until the <ALARM ACKNOW.>
button is pressed on the front panel.

NOTE: Normal relay operation is interrupted during a Calibra-
tion Error/Interference Test. Refer to Section 10, Normal Oper-
ation, for a detailed description of the relay operation during
these tests..

Table 6
Relay Board
Terminal Assignments

Fault Alarm TB3-1 TB3-2 TB3-3 K1)
Totalizer Alarm TB3-4 TB3-5 TB3-6 K2)
Low Flow Alarm TB4-1 TB4-2 TB4-3 (K3)
High Flow Alarm TB4-4 TB4-5 TB4-6 (K4

Note 1: COM = Common, NO = Normally Open, NC = Normally Closed
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CAUTION! Before powering up everything for the first time,
double-check all power and signal wiring.

CAUTION! After you have powered up for the first time, you
must check the system configuration in either the Collector-Box
or at one of the Probe-Boxes using the Collector-Box Emulator
software. (See Appendix C, Collector-Box Emulator Software.)

After you have installed the probes, Probe-Boxes, and Collector-
Box, completed the wiring between the probes and the Probe-
Boxes, and established an RS-485 link between the Probe-Boxes
and the Collector-Box, you are ready to power up the system.

Power up the Probe-Boxes first, then power up the Collector-Box.

When you first power up the Collector-Box, it immediately goes
into flow measuring mode. By default, the Collector-Box display
panel shows Grand Average flow, and the LEDs reflect system
status.

If you powered up the Collector-Box before you established an
RS-485 link between it and the Probe-Boxes (or if you established
the link but neglected to power up the Probe-Boxes), the Collec-
tor-Box will display zero flow and an RS-485 fault.

NOTE: The Collector-Box may be turned on or off mdependently
of the Probe Boxes, and no damage will result.

CAUTION! You must verify the system configuration of the flow
averaging array upon initial power up. It may be unnecessary
- for you to change anything (because the system is pre-configured
during manufacturmg), but you must verify the values against
those shown in your approval drawings. In the future, you have
to reconfigure the system only when some major change is made
to the system. Once you configure the system, the data is stored
in non-volatile memory that is retained for an unlimited period
of time. The non-volatile memory does not depend on a back-up
power source of any kind, not even a battery.

When you press the <CONF.> button on the front panel, you will
be shown a sequence of system parameters. As each parameter
is shown, you will be asked to accept the previously stored value
or to enter a new value. Refer to Section 9.3.1 for access code
information.

If you press <YES>, the displayed value is accepted and the
screen advances to the next parameter.

System
Configuration

Powering Up
the
Collector-Box

Configuring the
System

9.1

9.2
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9.2.1 Duct Area

9.2.2 K-factor

Page 38

If you press <NO>, you will be prompted to enter a new value.
Enter the new value by using the numeric keypad. To change
one or more characters, use the <NO> key to backspace the cursor
and delete the previously entered characters. When you have
entered the desired value correctly, press <ENTER>. You will
be asked to confirm the (new) value.

NOTE: Pressing the <ESC> button will get you out of most
situations. If you press <ESC> after you are asked if you want
to accept a value, the configuration program will abort and not
store any of the newly entered values. If you press <ESC> after
you are asked to enter a new value, the display will indicate “Try
Again...” You'll then be returned to the previous screen. It’s
important that you go through the entire configuration procedure
so the values you entered will be stored.

Also, if you do not take any action, after a period of time the
display will “time-out” and you will be returned to normal oper-
ation without storing any new values.

At the end of the entire sequence of screens, all the new values
will be stored in non-volatile memory.

The next sections contain step-by-step descriptions of the config-
uration parameters you will encounter.

The first screen you will see after pressing <CONF.> will ask you
to verify the duct area. Press <YES> to accept the displayed
value or <NO> to enter a new value.

The duct area is the cross-sectional area of the duct in which the
Sierra probes are installed. See Section 11.1, Flow Display, for
a detailed description of how flow rates are computed.

While viewing the duct area screen, pressing <CHANGE
UNITS> will toggle the display between square feet and square
meters.

Recommended Value: The cross-sectional area of the duct.

The next screen displays the “K-factor.” Press <YES> to accept
the displayed value or <NO> to enter a new value.

“K-factor” is a dimensionless quantity used to modify the value
of mass flow. It does not affect the velocity value and is included
as a “compensation” or “bias” factor to provide flexibility in
setting-up a system.

Recommended Value: 1 (no effect)
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The reference temperature is the temperature used to compute
gas density and mass flow at a given reference temperature. Its
value affects computed mass flow and “Standard” velocity. (Pres-
sure is always referenced to one standard atmosphere). Sierra
flow meters are calibrated using a reference temperature of 70°F.

If you select a reference temperature other than 70°F, the Col-
lector-Box performs a conversion to your selected reference tem-
perature based on Charles’ law of ideal gas behavior. The
Collector-Box allows you to select a value between 32°F and
100°F (0°C and 37.7°C). To enter a different reference tempera-
ture, press <NO>. To accept the displayed value, press <YES>.
To toggle the display between degrees Centigrade and Fahren-
heit, press <CHANGE UNITS>. If you do change the reference
temperature, the gas density (next section) is also adjusted
accordingly.

Recommended Value: 70°F. Sierra Instruments calibrates flow
meters utilizing a reference temperature of 70°F. However,
reference or “Standard” temperatures vary by industry and coun-
try.

The next screen displays gas density. It is mass per unit volume.
By pressing <CHANGE TS> you may select between
pounds per cubic feet (Ibs/ft”) or grams per liter (gms/1).

Gas density is used to compute mass flow. See Section 10.1, Flow
Display, for a description of the computations performed when
calculating mass flow. To enter a new value, press <NO>. To
~ accept the displayed value, press <YES>.

Recommended Value: Gas density of application ggas at reference
tempgrature. The default is for air: .07486 lbs/ft” (1.200 gms/l)
at 70°F.

The Collector-Box generates two separate outputs you can choose
from for use as inputs to a flow measurement control system: 0-5
VDC and 4-20mA. Normally, these outputs represent the aver-
age of all valid points in the system. However, you may choose
to have the analog output represent the average measurement of
a single probe (in a multiple probe system) or even a single point
(in a multiple point probe).

To change the measured flow value, press <NO> or <FLOW> and
the display will cycle through all individual probes and individual
points in the system. To accept the displayed value, press
<YES>.

Recommended Value: System Grand Average (average of all
valid flow points in the system).

Reference
Temperature

Gas Density

Analog Outputs

9.23

9.24

9.25
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9.2.6 Digital to Analog

9.2.7 High/Low Flow
Alarm Setpoints

Page 40

Converter
Full Scale

(Optional)

The value of DAC full scale (“DAC FS” on the LCD display)
determines the flow value which will be represented by the 5 VDC
analog output from the Collector-Box. It is normally the maxi-
mum Grand Average of all flow meters in the system. By press-

" ing <CHANGE UNITS>, the value is cycled through all

available flow units: SCFM, SCFH, SM3H, SFPM, SMPS, LB/H,
LB/M, and KG/H.

The advantage of being able to program DAC FSis to “tweak” the
full scale to exactly the value you want. This can be done in the
field even if the desired value is finally determined after the
system has been ordered, built, and installed.

For instance, assume that the originally specified full scale of the
system (and consequently of the flow meters) is 43,000 SCFM.
Setting the DAC full scale to 43,000 SCFM will result in a
maximum output signal of 5 VDC at 43,000 SCFM.

If, after installation, you determine that 40,000 SCFM would be
a better value (perhaps this is what the process computer being
fed from the Collector-Box analog output signal expects), simply
change the DAC FS to 40,000 SCFM and the Collector-Box will
output 5.000 VDC at 40,000 SCFM.

The Collector-Box DAC full scale can be set to any desired value.
However, it is unlikely that it will be useful to set it to a value
very different from that of the Probe-Box(es). Setting DAC full
scale to a value greater than the Probe-Box(es) full scale will
result in the output (from the Collector-Box) never reaching 5
VDC. Settmg it to a value less than the Probe-Box(es) full scale
results in a loss of resolution.

Recommended Value: 100% of the Probe-Box(es) full scale, which
is full scale velocity times the duct area. The full scale velocity
and the duct area are programmed into the Collector-Box. You
can verify the duct area by referring to the instructions in Section
10.2.1. You can verify the programmed, full scale velocity by
pressing <*> and then <9> and advancing the displayed values
until the full scale velocity is displayed. (Probe-Box full scale is
usually set to 30% greater than the specified maximum system
flow).

If your Collector-Box has alarms, you can adjust the High and
Low alarms in the same way. To accept the displayed value press
<YES>; to enter a new value press <NO>.

By pressing <CHANGE UNITS>, the value is converted be-
tween all available flow units: SCFM SCFH SM3H, SFPM,
SMPS, LB/H, LB/M, and KG/H.

Recommended Value: Zero to flow meter full scale.
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If your Collector-Box has a totalizer alarm, the setpoint (count
up) will now be displayed.

The alarm setpoint is the value at which the totalizer alarm is
activated. (See Section 10.2, Totalizer.) To accept the displayed
value press <YES>; to enter a new value press <NO>.

The displayed value is shown in scientific notation, however, you
can enter a new value in fixed point notation (i.e., just enter the
desired value). The entered value will be shown in scientific
notation and rounded to three decimal places. Internally, the
value is stored in as accurate a form as possible (about .05%
accuracy).

By pressing <CHANGE UNITS>, the value is converted be-
tween all available flow units: FT3, M3, LBS, and KG.

Recommended Value: Zero to 1 E+09 FT3 (2.831 E+07 M3)

Sierra Instruments Probe-Boxes constantly monitor their flow
measuring circuitry for hardware faults. In the event of a hard-
ware problem, this information is transmitted to the Collector-
Box and the Collector-Box illuminates the Sensor Fault LED and
activates the Fault Alarm.

Additionally, the Collector-Box may be programmed with a high
and low flow “kickout” value for the system. What these two
values represent is a “window” that defines a “good” velocity
~ reading. If the flow value goes outside the window, the fault
alarm is activated. The kickout window differs from the normal
hardware monitoring of the flow measuring circuitry in that it
can indicate a flow point fault even though the hardware is
functioning correctly.

The main advantage of using the kickout feature is to detect
problems relating to maintenance, such as plugging of sensors,
rather than electronic failure. Its main disadvantage is that you
run the risk of nuisance alarms.

Recommended Value: Do not use the kickout feature unless you
are sure you will benefit from it. Try to set the window as wide
as possible, taking into account the normal worst case flow
variations in your system.

Totalizer Alarm
Setpoint
(Optional)

Programmable
Kickout Flow

9.2.8

9.29
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9.2.10 Storing Setup

and Checking
Network

Table 7

Collector-Box Screens

93 Hidden
Configuration
Parameters

9.3.1 Entering Setup
Code and
Storing System
Configuration

Page 42

At the end of the configuration process, you can store all the
configuration parameters into the Collector-Box’s non-volatile
memory and watch as the flow network (every address on the

- RS-485 bus) is queried. When the Collector-Box reports the

number of Probe-Bozxes in the system, it must match the number
that are physically present. Here are the screens you will see and
a brief description of what the Collector-Box is doing:

Storing Set-up. Please All configuration parameters are being

Wait... stored.

Checking Network. Every address (1-32) Is being queried.
Please Wait...

D flow meters Number of flow meters found. (D is an

Integer between 1 and 32.)

Set-up Complete Final message before return to normal
operation.

CAUTION! Accessing hidden configuration parameters causes
a re-count of the number of flow meters that define the system
configuration. Be sure all flow meters are connected to the
RS-485 bus, powered-up, and that at the end of the configuration
procedure (Section 9.2.10), the same number of flow meters are
shown on the display as are physically in the system.

It is normally unnecessary to access the hidden parameters. The
only hidden parameter currently supported is the number of flow
meters in the system. This is entered at the factory. It is only
necessary to change this value if the number of flow meters in
the system has changed, either by addition or deletion.

To access the hidden parameters, press <CONF.>, enter the
“master” access code, 93924, and step through the configuration
procedure described earlier. At the end of this procedure while
the screen displays “Checking Network Please Wait...,” press and
hold <*> on the front panel until “System Stored...” appears on
the display. The addresses of all active flow meters that are
on-line are now stored in non-volatile memory.
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The reason for storing the system configuration is so the Collec-
tor-Box will recognize which of the available addresses (1-32) are
being used by your system. When a flow meter is off-line, the
Collector-Box will be able to detect this condition and indicate a
system fault.

You may enter your own personal access code by pressing
<CONF.>, entering 93924, and pressing <ENTER>. While the
screen displays “access accepted”, press <*> and you will be
prompted to enter your own access code.

Note: The “master” access code of 93924 is always active.

Pressing the <DIAG.> button on the front panel causes the
Collector-Box to run a diagnostic self-check of itself and to check
that all flow meters are present on the RS-485 bus.

After pressing <DIAG.>, you will see the message: “SIERRA
Collector-Box” moving across the screen.

Then a series of self-check screens will appear. The first screen
gives the version of the software. The second tests the LEDs.
Then the keypad is tested.

Next, you will be asked if tests should be made which affect outputs.
Press <YES> or <NO>. If you answer <YES>, the analog output
(0-5 VDC and 4-20mA) is ramped up and down in a sawtooth
waveform between zero and full scale for a brief period of time.

- CAUTION! Choosing <YES> is not recommended if the Collec-
tor-Box is connected to a data acquisition system that would be
affected adversely by this waveform event.

You will be asked if you want to test the relays. If you choose
<YES>, the relays are energized and de-energized.

Following this, a number of internal checks are performed.

Finally, the network is inspected. If no faults in the flow mea-
suring system are detected, the display will indicate this. If
faults are detected, each fault is shown on the display. If there
is more than one fault, each one is displayed sequentially.

For instance, if the flow meter at address 1 does not respond, the
display will indicate: “Probe Box 1, RS-485 Fail.”

If the flow meter at address 3 responds but has a bad sensor number
4, the display will indicate: “Probe Box 3, Sensor Fault 4.”

If both of the above conditions exist at the same time, then the first
message is shown for a few seconds, then the other message is shown.

Diagnostics

94
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9.5

9.6

9.6.1
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F1 Function Key

F2 Function Key

Creating Bias
Factors

If you have kickouts programmed ON, then any sensors reading
outside of the programmed kickout “window” will also be shown.

_ After the flow meters are checked, the Collector-Box automati-

cally returns to normal operation.

The F1 function key is not used in a standard Series 670 Digital
Flow Averaging Array.

If your Series 670 Digital Flow Averaging Array is being evalu-
ated and compared to a standard calibration device such as an
S-type Pitot tube and if the flow curve of the Sierra system differs
from that of the calibration standard, you can use the Collector-
Box’s K-factor option (see section 9.2.2) to make simple span
adjustments to the flow curve of the Sierra system. Alterna-
tively, you can use the <F2> function key to establish between 2
and 20 bias factors to fine-tune the Series 670 Digital Flow
Averaging Array so its flow curve exactly matches the calibration
standard.

NOTE: In order to establish correct bias factors, you must
conduct a Relative Accuracy Test Audit (RATA). You will use the
data from the RATA to create bias factors as described in the
following procedure. The bias factors will remove irregularities
that are the result of the RATA’s inability to represent flow
repeatability in poor locations. The bias factors should be used
only in cases where the flow is found to be very repeatable over
the full range.

To add bias factors to the configuration data stored in the memory
of the Collector-Box: '

1 Press <F2> twice. You will be prompted for your access
code. (This is the same access code you use when config-
uring the system.)

2 Type in your access code and press <ENTER>.
3 When you are prompted with Bias Y/N, press <ENTER>.

4 When you are prompted whether you want to use previous
Bias, press <NO>.

5 The system then asks how many bias factors you want to
use. You can enter any number between 2 and 20. Incre-
ment the number of factors by pressing <YES>; decre-
ment the number of factors by pressing <NO>. When the
display indicates the number of bias factors you want to
use, press <Enter>.
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6 When you are prompted for Ref Val 1, type the lowest
reference value and press <KENTER>.

7 When you are prompted for Sierra No 1, type the lowest
Sierra value and press <ENTER>.

8 Repeat steps 6 and 7 to add as many bias factors as you
want to include in the system configuration.

NOTE: Enter the reference method values (Ref Val x)
and Sierra Instrument equivalent values (Sierra No x) in
sequential order beginning with the lowest values and
progressing to the highest.

NOTE: If you make a mistake when entering a value,
press <NO> to backspace over the incorrect value.

You can check the reference method and Sierra Instrument
values after you have entered and saved the data in the memory
of the Collector-Box. First, press <F2> once. Then press <YES>
twice to see the first reference method value (RM1) and equiva-
lent Sierra Instruments value (SI1). Continue to press <YES>
to see subsequent combinations of reference method and Sierra
Instrument values.

NOTE: The first set of values (RMO and SI0) will always be 0.

If you notice an error in any of the values, press <F2>. The
Collector-Box will then put you at the beginning of the procedure
_ for creating new bias factors (see section 9.6.1).

The <F3> key gives you the ability to look at the temperature (in
degrees Centigrade) of:

*  the entire system
* asingle probe
¢ eachindividual sensor pair

This function key operates in exactly the same manner as the
<FLOW> button on the front panel of the Collector-Box. If the
system’s grand average (of flow) is being displayed when you
press <F3>, the display will change to indicate the average
temperature of all the sensors in the system. If you continue to
press <F3>, you will be able to see the average of each probe
followed by the temperature of each point. You can leave this
feature and resume looking at flow by pressing <FLOW>.

Checking the
Bias Factors

F3 Function Key

9.6.2

9.7

Page 45



Series 670 Digital Flow Averaging Array

9.8
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F4 Function Key

The <F4> function key provides you with the means to program
individual K-factors for each sensor point in a flow averaging
array. This feature is called SUB=SIERRA.

~ Although under normal circumstances this feature is not active

(you could think of each sensor point as having a default K-factor
of 1.0), when enabled SUB=SIERRA gives you the ability to
create a special K-factor for those points that require modifica-
tion.

For example, if a sensor point were defective or if it were posi-
tioned in an area of a duct that was very turbulent, the output
from that sensor might be very high, very low, or swinging
between the two extremes. The effect of this single point inaccu-
racy would be an inaccurate grand average output from the
Collector-Box. The SUB=SIERRA feature gives you the ability
to compensate for single point inaccuracies by allowing you to
specify those points in need of correction and allowing you to
calculate K-factors that will correct the outputs.

To activate the SUB=SIERRA feature, press <F4>. The display
panel will ask whether you want to PRINT RATA. Press <NO>.
The panel will then show you, by probe and point numbers, the
SUB=SIERRA values that are currently in use by the Collector-
Box. When this is complete, the display panel will ask you for
your access code. Respond with “93924.”

Next, the panel will ask whether you want the SUB=SIERRA
feature to be enabled and whether you want to use previous
values. If you answer <YES> (to enable) and <NO> (to using
previous values), the display will list each sensor point in the
array and ask you for new K-factors for each. You can input a
value between 0.0 and 5.0. A value of 1.0 will not alter the output
from a sensor point. Values less than 1.0 will decrease the
output, while values greater than 1.0 will increase the output.

When you have finished supplying K-factors for each sensor
point, the display will indicate :Storing Factors, Please Wait..."

You can turn the SUB=SIERRA feature on and off or change the
K-factors for the individual sensor points at any time.
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CAUTION! Upon initial application of power, the flow measur-
ing system must be configured. Refer to Section 9 for information
on configuring the Collector-Box.

When powered-up, the Collector-Box goes into normal operation.
In this state, the display shows the flow rate in the engineering
units that were in effect the last time the system was configured.

In the following sections, a detailed description of Collector-Box
operation is given.

When you turn on the Collector-Box or press <FLOW> on the
front panel, the average flow appears on the display.

By pressing <CHANGE UNITS>, the following units of flow
measurement are cycled; SCFM, SCFH, SM3H, SFPM, SMPS,
LB/M, LB/H, and KG/H. (See Table 9).

A brief description of system status such as “System OK” or
“System Fault” also appears. The front panel LEDs work in
conjunction with the display to alert you to any problems or
alarms.

The Collector-Box continuously inspects the status of all sensors
before it uses the data to calculate an average flow rate. If a
defective sensor is detected and a fault is indicated on the front
panel, the data from that pointis not used in the final calculation.
Only sensors that have been verified as functional are included
in the flow average. Sensor inspection occurs 20 times/second.

. Furthermore, a supervisory circuit continuously monitors the
validity of the data. If any data is corrupted, the Collector-Box
momentarily displays “RAM Access Denied.”

Grand Average flowrate is based on all valid pointsin the system.
However, by repeatedly pressing <FLOW>, you can observe the
average flow through each probe and individual flow through
each sensor on each probe. When a subset of flow measuring
points is used to calculate an average (such as when you choose
to look at the flow being measured by a single probe), this is
indicated on the Collector-Box display. (This does not alter the
output from the Collector-Box, however. Output is dependent on
what you selected during configuration.)

For example, if you choose to observe the average flow (Grand
Average) through all points in the system (and assuming no
faults are detected), you would see: “AVG ddddd.dd SCFM,
System OK” (where d is a decimal digit between 0 and 9).

When you press <FLOW> for the first time, you would see:
“PROBE 1 Average, ddddd.dd SCFM.”

Normal
Operation

Flow Display

10

10.1
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10.1.1
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How Flow is
Computed and
Displayed

When you press <FLOW> a second time, you would see; “Probel
Point1, ddddd.dd SCFM.” Although flow rate for an entire duct
is constantly measured, computed, and output from the Collec-

_ tor-Box, you have the ability to observe (1) total (Grand Average)

flow in the duct, (2) average flow through all the pointsin a single
probe, and (3) flow through a single point in a selected probe. By
looking atindividual probes and points, youcan evaluate the flow
profile of the duct.

There are three types of flow and eight different engineering
units that may be selected via the <CHANGE UNITS> front
panel button. The following section describes each one and how
it is calculated.

* Velocity - The standard display is obtained by averaging
all valid points in the system. The available engineering
units are SFPM (Standard Feet Per Minute) and SMPS
(Standard Meters Per Second). (V. elocity) = (Sum of all valid
points)(Number of valid points). A K-factor, if one has been
implemented in system configuration, is not applied.

* Mass Flow - Velocity multiplied by the duct area yields
mass flow. Additionally, mass flow may be multiplied by a
K-factor. The K-factor can be set to 1.000 (no effect) or to
some other value to correct for system anomalies. Available
engineering units are SCFM (Standard Cubic Feet per Min-
ute), SCFH (Standard Cubic Feet per Hour), and SM3H
(Standard Meters Cubed per Hour).

(Mass Flow) = (Velocity) * (Duct Area) * (K-Factor).

* Mass - Mass flow can be further multiplied by the Gas
Density to arrive at “true” mass flow. Available units for
mass flow are LB/M (Pounds per Minute), LB/H (Pounds per
Hour), and KG/H (Kilograms per Hour).

(Mass Flow) = (Flow) * (Gas Density).
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aKickout. (Refer to Section 9.2.9 for information about kickouts.)
If the LCDis in a display mode that shows system status, a fault
message will appear on the display.

All other alarms are optional. The high and low flow alarms are
activated when the Grand Average flow rate is above or below
the alarm setpoints, respectively. The totalizer alarm is acti-
vated when the totalized mass is above the alarm setpoint.

All alarms except totalizer must be continuously active for a
period of time before the relay and LED are activated. This time
delay is meant to reduce nuisance alarms.

By pressing <ALARMS>, the setpoints for the low flow, high flow,
and totalizer alarms are displayed (if these alarms are installed).
The <ALARM> button displays only the alarms.

In order to adjust the alarm setpoints, you must configure the
Collector-Box. This is achieved by pressing <CONF.> on the
front panel and stepping through the configuration procedure
until you are prompted for setpoint values. (See Section 9.2.7.)

The relay output marked “FAULT” is activated when there is a
trouble condition. A trouble condition may be either an RS-485
Fault or a Sensor Fault. Assuming the display is showing system
status, whenever a fault is detected the display reflects this
immediately. If the fault persists for a short period of time, the
relay and fault LED are activated.

There are three other relay outputs: Low Flow, High Flow, and
~ Totalizer.

See Section 10.5 above for a detailed description of the alarm
logic. See Section 8.4.3 for a description of where the relay
terminals are located and how to wire to them.

Displaying
Alarm Setpoints

Relay Outputs

10.6

10.7
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Table 8
Flow Readout Options

Velocity SFPM, SMPS

Mass Flow SCFM, SCFH, SM3H

Mass LB/M, LB/H, KG/H

When you press <TOTALS> on the front panel, the display indi- Totalizer  10.2
cates accumulated mass and elapsed time in the following format: (Optional)

TO 1.234E+07 FT3, 12.345 Hours; where the total mass is dis-

played in scientific notation.

“Overflow” océurs at 1.000 E+10 FT3. When the alarm value is
reached or exceeded, the totalizer alarm is activated.

The totalizer is backed-up into non-volatile EPROM every ten
minutes. This back-up preserves the totalized readings despite
power interruptions and has an essentially unlimited storage
time.

To reset the totalizer, press <*> on the front panel, then press

<TOTAL>. You will see the Reset Countdown on the display.

By pressing <TOTAL> until the countdown reaches zero, the
totalizer is reset to zero.

See Section 9.2.8 for information about setting the totalizer alarm
setpoint.

The front panel status LEDs include Power, Sensor Fault, RS- Status LEDs 10.3
485 Fault, High Alarm, Low Alarm, and Totalizer Alarm.

e  Power — This LED is illuminated when power is applied to
the Collector-Box and the microprocessor is functioning.

e Sensor Fault - This LED is illuminated when a problem is
detected by in the precision flow measuring circuits of one
or more sensors. The Collector-Box does not include the flow
data from these faulted sensors when it calculates average
mass flow. Refer to Section 13, Troubleshooting, to correct
sensor faults.

e RS-485 Fault — This LED is illuminated when one or more
flow meters are not responding as expected on the RS-485
interface bus. Refer to Section 13, Troubleshooting, espe-
cially the information about the RS-485 interface bus.

Page 49
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10.4 0-5VDC and
4-20mA Output
Signals

10.5 System Alarms
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* High and Low Alarms — These LEDs are illuminated
when the measured flow is above/below the preset alarm
setpoints, respectively. There is a built-in delay between
detection of a High or Low Alarm and activation of the LED.
Refer to Section 10.5, System Alarms.

° Toté]izer Alarm - This LED is illuminated when the total
mass flow has exceeded the alarm value. Refer to Section
10.5, System Alarms.

The Collector-Box is equipped with 0-5 VDC and 4-20mA output
signals. These signals represent Grand Average flow rate as
measured by all (functional) sensors reporting to the Collector-
Box. The full scale value for this signal is programmable via the
configuration procedure. Refer to Section 9.2, Configuring the
System.

The Collector-Box has a <FAST SLOW> button that determines
the speed of response of Grand Average flow reporting. By
pressing and holding <FAST SLOW>, you can select how many
readings are used to compute a Grand Average. The method used
is commonly referred to as a “box car” filter. Normally when
pressing <FAST SLOW>, an arrow indicates where the response
speed is relative to the fastest and slowest setting. When the
fastest or slowest setting has already been selected, the display
shows a rectangular box so that you can more easily change the
response.

There are four alarms on the Collector-Box: Fault, Low Flow,
High Flow, and Totalizer.

Refer to Section 8.4.3 for a description of where the relay termi-
nals are located and how they are wired.

Alarm logic is the same for all alarms. An alarm condition must
be continuously present for a period of time before the corre-
sponding alarm is activated. The alarm lights the front panel
LED and activates the relay.

The alarm stays in effect regardless of whether the alarm condi-
tion persists until the front panel button <ALARM ACKNOW.>
is pressed. If the alarm condition is no longer present, then
<ALARM ACKNOW.> turns off both the LED and relay. If the
alarm condition is still present, the relay is turned off and the
LED continues to glow. If the alarm condition then disappears,
the LED is extinguished.

The Fault Alarm is standard on every Collector-Box. It is acti-
vated whenever a fault condition is detected in the flow measure-
ment system. This could be a Sensor Fault, an RS-485 Fault, or
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aKickout. (Refer to Section 9.2.9 for information about kickouts.)
Ifthe LCDis in a display mode that shows system status, a fault
message will appear on the display.

All other alarms are optional. The high and low flow alarms are
activated when the Grand Average flow rate is above or below
the alarm setpoints, respectively. The totalizer alarm is acti-
vated when the totalized mass is above the alarm setpoint.

All alarms except totalizer must be continuously active for a
period of time before the relay and LED are activated. This time
delay is meant to reduce nuisance alarms.

By pressing <ALARM>, the setpoints for the low flow, high flow,
and totalizer alarms are displayed (if these alarms are installed).
The <ALARM> button displays only the alarms.

In order to adjust the alarm setpoints, you must configure the
Collector-Box. This is achieved by pressing <CONF.> on the
front panel and stepping through the configuration procedure
until you are prompted for setpoint values. (See Section 9.2.7.)

The relay output marked “FAULT” is activated when there is a
trouble condition. A trouble condition may be either an RS-485
Fault or a Sensor Fault. Assuming the display is showing system
status, whenever a fault is detected the display reflects this
immediately. If the fault persists for a short period of time, the
relay and fault LED are activated.

There are three other relay outputs: Low Flow, High Flow, and
~ Totalizer.

See Section 10.5 above for a detailed description of the alarm
logic. See Section 8.4.3 for a description of where the relay
terminals are located and how to wire to them.

Displaying
Alarm Setpoints

Relay Outputs

10.6

10.7
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WARNING! Before opening the display panel of the Collector- Collector-Box 11
Box, turn off mains power. Maintenance

CAUTION! Changing the output signal from the Collector-Box,
such as by adjustment of potentiometers or turning power off,
may affect other plant equipment, alarm outputs, etc.

Refer to Section 14, Sierra Repair, if you need to return your
Collector-Box to Sierra Instruments for repair.

Gaining access to the PCAs in the Collector-Box is a simple = Accessto PCAs 11.1
matter. First locate the black plastic latch on the left side of the
display panel near the status LEDs. (See Figure 11.)

Figure 11
Locating the
¥ Collector-Box Latch

J

\ J

~ Turn the slot in the latch to a vertical position to release the latch
and open the display panel. (See Figure 12.)

Figure 12
Releasing the
Collector-Box Latch and
Opening the Display Panel
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Release the latch and swing out the display panel. This exposes

the motherboard, which contains all adjustment potentiometers,

terminal strips including those for mains power, and alarm relay

outputs. (See Appendix H for an illustration of Collector-Box
" motherboard component locations.)

The power supply board, which contains the fuses, is located
beneath the motherboard on the bottom of the enclosure (see

Figure 13).
Figure 13
The Power Supply
Fuses — Position for the AGC Type Fuse
s Position for the Two 20mm Fuses
/
_J
{@
The power supply board contains either one, 1A, AGC type fuse
for 115 VAC power or two, 0.5A, 5 mm by 20 mm fuses for 230
VAC power. (See Figure 14.)
Figure 14
115 VAC vs. 230 VAC :
Fuses
Single AGC Type Fuse
/ — 20mm Fuses

1/

]
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To ensure the continuing accuracy of your Series 670 Digital Flow
Averaging Array, Sierra Instruments maintains a fully equipped,
quality-controlled flow calibration metrology laboratory for re-
calibration. If you have a probe, Probe-Box, or Collector-Box that
has been damaged, or if you simply want to have your system
re-calibrated, refer to Section 14 for information about contacting
Sierra Instruments Customer Service Department.

The only field calibration adjustment that you may check is on
the Collector-Box. This is the full scale for the output voltage (0-5
VDC). This is a very low drift precision circuit which normally
does not need maintenance. To check the 0-5 VDC and 4-20mA
outputs, press <*> and then <4> on the front panel. The Collec-
tor-Box first outputs zero and then full scale to both the voltage
and current outputs. By adjusting potentiometer R39 on the
Collector-Box motherboard, you can adjust the voltage output to
its exact rated value. (See Appendix J for the location of this
potentiometer.)

Cadlibration

12
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If you experience any problem with your Series 670 Flow Aver-
aging Array, the solution is usually simple. This section helps
you find that solution. If you cannot solve the problem yourself,
please call Sierra’s Customer Service Department. (See Section
14, Sierra Repair.)

When you press <DIAG.>, the Collector-Box runs through
a brief self-test of its electronics and then checks the flow
meters which are supposed to be on-line. If no faults are
detected in the entire system, this condition is noted on the
display. Pressing any button causes normal operation to be
resumed.

The sensors, sensor-to-bridge board interface cables, bridge
boards, Probe-Box, and Collector-Box are calibrated as a
single, precision mass flow array. The sensors, sensor-to-
bridge board interface cabling, and bridge boards are not
interchangeable. Miswiring of cables or combining sensors
with incorrect bridge boards will significantly affect the
accuracy of the flow array.

If an electronics or sensor fault is detected by the Collector-
Box, Sensor Fault is indicated on the display and the LED
is illuminated. This may indicate a failed bridge circuit or
defective sensor. The probe indicating the sensor fault
should be physically inspected.

If a Probe-Box is not responding, an RS-485 faultis indicated
on the display and the LED is illuminated. When this
occurs, press <CONF.> and run through the sequence to the
end. The number of Probe-Boxes in the network will then
be displayed.

If the number of Probe-Boxes appears as zero, the most
likely problem is with the RS-485 cable. Check cable integ-
rity throughout its entire length and verify that polarization
has been observed on terminal strips. Ensure shielded cable
is used. Also, ensure the RS-485 line is terminated (with a
jumper on JB5) in the final Probe-Box on the RS-485 line.
Finally, verify that no connections are made to other devices,
such as a personal computer.

The alarm relays are mounted on a PCA located on the
motherboard and surrounding the main terminal strip. The
entire relay PCA can be replaced in the field as a single unit.

If these suggestions do not relate to the problems you are having,
refer to Table 9 for further help.

Trouble-
shooting

13
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Table 9
Troubleshoofing
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Veloclty measurement Probe not oriented Orient probe with
seems low. propeily. respect to flow.
Probe dirty. Refer to Section 7,
System Maintenance,
for information on
cleaning probe.
Velocity measurement Very turbulent flow. Try to find less
is erratic or fluctuating. turbulent area to
measure velocity.
Sensor dirty. Refer to Section 7,
System Maintenance,
for information on
cleaning probe.
Sensor broken. Refer fo Section 14,
Sierra Repair, to retum
probe to Slerra
Instruments for repair.
Probe not mounted Probe must be
securely. mounted securely
without vibration.
Malfunction in flow Refer to Section 14,
measurement circuifry.  Sierra Repair, to retumn
the Probe-Box to Slerra
Instruments for repair.
Reading pegsplusor  Sensor not connected For external bridge or
minus. to circuitry. sensor, check wiring.

Sensor Is broken.

Refer to Section 14,
Sierra Repair, to retum
probe to Sierra
Instruments for repair.

Reading won’t zero.

Out of Cdlibration.

Refer to Section 12,
Cadlibration.

Sensor broken.

Refer to Section 14,
Slerra Repair.

4-20mA output not
indicating 4mA at zero
flow.

Excessive current loop
resistance. Resistance
must be between 250
and 600 ohms.

Use larger gauge wire
or change load
resistance.
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Probes, Probe-Boxes, and Collector-Boxes can be returned to the
factory for repair or re-calibration. Call the Sierra Instruments
Customer Service Department at (800) 866-0200 for information
about returning equipment. Contact your sales representative
for current pricing information for repairs and re-calibration.

Ifyou call the Sierra Instruments Customer Service Department,
please have your model number and serial numbers available
when you call.

Please include information describing the reason for the return,
purchase order number under which the equipment was pur-
chased, and a contact name and phone number.

If you find it necessary to return all or part of a Series 670 Digital
Flow Averaging Array to Sierra Instruments, you must first
obtain an RMA (Return Materials Authorization) number from
the Customer Service Department.

Unless specifically instructed to do otherwise, you must return
the entire flow array, including all electronics.

Ship all equipment to the following address:

Sierra Instruments, Inc.
5 Harris Court, Bldg. L
Monterey, CA 93940
ATIN: RMA #

Be sure to include complete return shipping instructions. We
cannot deliver to post office boxes.

Sierra Repair

14
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Specifications A

Table 10
System Specifications

0-1.,000 SFPM to 0-15,000 SFPM or 0-0.5 SMPS to 0-75 SMPS

Air, nitrogen, argon, helium, natural gas; consult the factory for other.

or Probe-Box and Collector-Box: two standard analog output signals linearly
proportional to array average (of probe or array) mass flow rate or velocity; 0-
VDC standard, 1000 ohms minimum load resistance; 4-20mA standard, 600
ohms maximum loop resistance; 0-1 VDC optional, 200 ohms minimum load
esistance; or 10 VDC optional, 2000 ohms minimum load resistance.

RS-485, serialized output standard linearly proportional to array average mass
low rate or velocity and individual point velocities; 2-wire, shielded cable,
000 feet (1200 meters) maximum length, daisy-chained hook-up.

Note: This is not a loop powered device.

Note: Other output signals available on special order.

or Probe-Box: for each Digi-Bridge /sensor point, in degrees C ; for the Probe-
Box as a Grand Average, in degrees C.

or Collector-Box: for the entire array as a Grand Average, in degrees C; for
each probe as an average of all sensor poinfs on that probe, in degrees C;
or each sensor point, in degrees C.

or Collector-Box: 8 digits count-up or count-down, on the 32 character
alphanumeric display, specify count-down initial value.

or Probe-Box and Collector-Box electronics: high flow: low flow; and
window” flow rate alarms; totalizer alarms; totalizer alarm dry contact
outputs; specify levels.

For Collector-Box: alphanumeric LCD 32 characters, on two lines, in any
engineering units; 4-1/2 digits for mass flow and velocity in any engineering
units; 8 digits for totalizer; also displays individual point velocities for all points
n the array: self-diagnostic checks; configuration status and prompts.

For Probe-Box: Aux, Version, Over-Range, Full Scale, Zero, Power On (all on
he Controller board) and (8) Bridge On (on the motherboard).

or Collector-Box: Power On, Fault, Totalizer , Low Flow, and High Flow.
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Probe-Box: 115 VAC (£10%), 60 Hz, 2.5 W base, 5§ W per point standard; 230
VAC (+£10%). 50 Hz, 2.5 W base, 5 W per point optional; 20-26 VDC, 50mA
base, 250mA per point optional; 100 VAC (+10%)50 Hz, 2.5 W base, 5 W per
point optional.

Cdlec'ror—Box: 115 VAC (+10%), 60 Hz, 12 W; 100 VAC (+10%) standard; 115
VAC (+10%), 50 Hz, 12 W optional; or 230 VAC (+10%). 50 Hz, 12 W optional.

Ten daisy-chained Probe-Boxes, eight sensor points maximum per Probe-Box.
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It is not necessary for you to know the details of the RS-485
protocol if you are using a Collector-Box or Collector-Box Emula-
tor software. This description of Sierra’s RS-485 protocol is
provided mainly for reference, although you may, if you choose
to, write your own software driver for an RS-485 equipped com-
puter.

The RS-485 interface standard is a hardware standard only. It
is based on the industry standard 8051, 8251, 16450, 16550 and
other, similar, integrated circuits. Sierra Instruments has im-
plemented a software protocol in order to use the interface
specifically for its own Probe-Boxes. According to this protocol,
there is one “master” transceiver (Collector-Box or PC-compati-
ble computer) and may be up to 30 “slave” transceivers (Probe-
Boxes) in a system.

The data format is 11 bits: one start bit, eight data bits (MSB
first), a “parity” bit that is used to determine if the information
is “data” or an “address,” and a stop bit. This is very similar to
the RS-232 standard in which the format 9600,n,8,1 indicates
that “9600" is the baud rate, "n" means no parity (it could be “o0”
for odd parity or “e” for even parity), “8" means eight data bits,
and ”1" means one stop bit.

A common question is why Sierra uses eleven bits when most
programmers use ten. In actuality, most programmers do use
-eleven bits because the parity bit has been assumed to be “n”
(none). So the parity bit, which has been ignored and not sent,
is now toggled by the electronics to detect whether information
is data or an address.

Remember, the RS-485 interface is bi-directional, so you must
control the transmission direction of the master (the Collector-
Box or Collector-Box Emulator). Slaves (Probe-Boxes) are al-
ways receiving, unless specifically addressed by the master.

To initiate a data exchange, the master transmits an address
(1-32) with the tenth “parity” bit equal to one. At all other times
the tenth bit is zero. This causes all Probe-Boxes to be inter-
rupted. They inspect the received address to see if it matches
their own address. If it doesn’t, they take no action but resume
normal processing. If a match is detected, the Probe-Box re-
sponds with a transmission that occurs within the next 100
milliseconds. Refer to Table 11 for a complete description of all
bytes transmitted from the addressed slave (Probe-Box).

RS-485
Probe-Box
Interface Bus

B
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Table 11

RS-485 Interface,
REV. 1.02

1 Probe-Box Address Echo; Value: 1-30

2 Probe-Box Type: Value: 1 = Single Point, 2 = Multi-Point

3.4 Probe-Box Software Version; Value: 0-65,5635, 100 =
Version 1.00, 250 = Version 2.50, etc.

5 Number of Points; Value: 1 = 1 Point, 2 = 2 Points, etc.

6 Units English/Metric; Value: 0 = SMPS/deg C. 1 =
SFPM/deg F

7.8 Full-scale value; Value = 0-65,535 = 0-65,535 SMPS or
SFPM depending on units specified by customer

9.10 Low Alarm Setpoint, Local (Probe-Box Only) Low Alarm:;
Value = 0-65,5635

11,12 High Alarm Setpoint, Local (Probe-Box Only) High
Alam:; Value = 0-65,535

13 Probe-Box Supply Voltage; Value = 0-255 =010 25.5
volts

14 Speed of Response. Proportionate to response speed
of output signal from Probe-Box; Value = 1-265. 1=
fast, 255 = slow

15,16 Alarm Status Flags; Value = Alarms ON/OFF flags
17.18 Fault Status Flags; Value = Faults ON/OFF flags
19,20 Temperature Value; Value = 0-65,535

21,22 Average Flow Value; Value = 0-65,535

23-38 Individual Point Flow Value. Points 1-8, each reading:
Value =0-65.,535. Unused points, Value =0

39-48 Spare. All bytes; Value =0

49,50 Checksum. Binary sum of all fransmitted bytes
including address.

Note: All numbers transmitted represent unsigned binary numbers unless noted. For
2-byte numbers, transmission is MSB first, then LSB. Contact Sierra applications engi-
neers for the latest release version.
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NOTE: You cannot use a Collector-Box and the Collector-Box
Emulator software simultaneously. The Collector-Box can be
connected to the flow array, but it must be turned off when you
are monitoring flow with your personal computer.

One of the major benefits of the Series 670 Digital Flow Averag-
ing Array is the provision for an operator to monitor complete
system configuration and flow using an IBM-compatible com-
puter running Sierra Instruments Collector-Box Emulator soft-
ware. Although a standard Collector-Box allows you to monitor
flow, the emulator software allows you to view flow and temper-
ature of all points in the system simultaneously.

Furthermore, your personal computer can be connected to the
flow averaging array at any of several points. If the system
contains more than one Probe-Box, the computer can be con-
nected to any one of them and the entire system still can be
monitored. Because the interface between the flow averaging
array and the computer are via an RS-485 interface, you do not
even have to be close to the device you want to monitor. 4000 feet
of shielded, two conductor, cable can separate you and your
computer from the Probe- or Collector-Box once you have estab-
lished the physical connection.

Finally, because all Probe-Box electronics in Series 670 Digital
Flow Averaging Arrays are software-based, you also can use your
. personal computer to upgrade the software whenever enhance-
ments are available by Sierra Instruments.

All of these benefits make use of the menu-driven Collector-Box
Emulator software not only a tremendous engineering achieve-
ment, but an operator’s delight.

In order to make use of the Collector-Box Emulator software, you
must have an IBM-compatible computer (XT or more recent) with
640K of RAM (or more) and an EGA, VGA, or Hercules-compat-
ible monitor. The computer can be either a desktop or laptop
model, and you will need to establish an RS-485 link between an
the computer and your Series 670 Digital Flow Averaging Array.
You can accomplish this in two ways.

Ifyou are going to use a desk-top, rather than a laptop, computer,
you can obtain an RS-485 interface card from Sierra Instruments.
(Contact your Sierra sales representative for further informa-
tion.) This interface card is a standard IBM-compatible device
that can be plugged into any 8-bit or 16-bit bus slot in your
computer. Instructions for installing and connecting the card are
supplied with the device.

Collector-Box
Emulator
Software

Overview

Hardware
Requirements

RS-485
Interface Card
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RS-485 Interface The second way of interfacing your computer with your Series
Adapter 670 Digital Flow Averaging Array is with an RS485 interface
adapter, also available from Sierra Instruments or from Telebyte
Technology, Inc. (You can reach them at 1-800-835-3298. Order

" their Model 266F.)

You can plug this adapter into your computer’s 25-pin serial port
(or 9-pin serial port, if you use an adapter)—and configure the
port as either COM1 or COM2.

You can use this adapter equally well with either a desk-top or
lap-top computer. Instruction for installing and connecting this
type of adapter are shown in Figures 15 and 16.

Figure 15 .
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You may make final connection between your personal computer
and the Series 670 Digital Flow Averaging Array at the RS-485
connector on the motherboard in any one of the Probe-Boxes.
(See Appendix G, Probe-Box Motherboard Critical Component
Locations, for location of the RS-485 connector.)

The menu-driven Collector-Box Emulator software is available
from Sierra Instruments in two formats—5.25" high-density
diskette and 3.5" high-density disk. When placing your order
with Sierra Instruments, please specify which format you desire.

Figure 16

RS-485 Interface Adapter
Using 9-pin D Shell Serial
Port

Installing the
Software
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Using the
Software

Figure 17
Main Menu
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Main Menu
Options

When you receive the diskette:

1 Create a subdirectory on your hard disk drive called
DIGSIER.

2 Insert the Sierra diskette into the appropriate diskette
drive in your computer.

3 Log onto that drive, and copy all the files from the diskette
to the DIGSIER subdirectory.

4 When the copying process is complete, store the diskette
in a safe place.

Log onto the DIGSIER subdirectory, and type DIGSIER
<Enter>. The following information will appear on your screen:

4 )

TEST MODE WITHOUT RS-485 BOARD
Address No: TEST Bridge No. TEST, Digi=Bridge Softuare Reu. No: TEST
SIERRA INSTRUMENTS CEMS INTERFACE PROGRAM REU 1.58

8/2771993
P. PC Collector Box
T. Toggle Test Mode

S. Select neu Address
Q. Quit

ENTER Your Selection Nou

_ / Y,

You have four options from the main menu:

*  Option P—to use the Collector-Box Emulator software in
TEST mode or MONITOR mode

* Option T—to select between TEST mode and MONITOR
mode

* Option S—to select a specific Probe-Box and Digi-Bridge
board from which to monitor the flow averaging array

*  Option Q—to quit using the emulator software
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When you first run the Emulator software and are presented with
the main menu, the Emulator will be in TEST mode. You can
verify this by looking near the top of the main menu. Address
No., Bridge No., and Software Rev. No. all indicate TEST mode.
(Look closely at Figure 17.) In order to select MONITOR mode
and see valid data from your flow averaging array, you must
toggle (quit) out of TEST mode and enter MONITOR mode. We
recommend you use TEST mode for training purposes.

Press <T> to toggle between TEST mode and MONITOR mode.
You can use the default Probe-Box and Digi-Bridge (sensor point)
addresses (Probe-Box #1 and sensor point #1) or you can select
any valid address in the system. (You can determine the address
of a Probe-Box by looking at jumper block JB1, RS-485 Probe Box
Address.)

NOTE: If you attempt to toggle between TEST mode and MON-
ITOR mode under the following conditions, an error screen (Fig-
ure 19) will appear:

* the Collector-Box is powered up

* the computer is not connected correctly to an RS-485 port in
the flow averaging array

* the RS-485 adapter is not powered up
* there is a problem with the RS-485 adapter
. * the flow averaging array is turned off

NOTE: When using Collector-Box Emulator software, the Col-
lector-Box, if there is one in the system, must be turned off.

4 )

ERROR... CAN’T FIND DIGI=BRIDGE IN COM PORT 1 OR 2
MAKE SURE YOUR CEMS SYSTEM IS POUERED UP AND WIRED PROPERLY

Hit ENTER to quit and try again after checking systen.

Menu Option T

Figure 18
Error Screen
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Menu Option P

Figure 19
PC Collector-Box
Menu

Page 70

If you select the main menu option P and if you have met all the
hardware installation criteria for the Collector-Box Emulator,
you will see the PC Collector Box screen. See Figure 19.

- NOTE: Ifyou select Option P and you see the error screen shown

in Figure 18, go back to the section, Menu Option T, and verify
that none of the conditions listed is taking place.

4 )

RS-485 Address No: N/A, Bridge No. N/A, Ctlr. Bd. Softuare Reu. No: CTLR TEST
Collector Box Emulator

1> Display the GRAND AUERAGE FLOW of all Probe Boxes
2) Display the GRAND AUERAGE TEMP of all Probe Boxes
3> Calibration Error Test 7 Active sensor Test
4> Display all FLOUS and TEMPERATURES of a specific Probe Box
5> Display FLOUS and TEMPERATURES For a Max of 18 Sensors in CEMS Systemn
6) Display Pie Chart graphics of flou in % Full Scale
7> Display Flous and Temperatures of All Probe Boxes
8) Show/Change System Configuration.
9> Display Min/Max Tesperatures of All Probe Boxes

$) Save/Print system Configuration.

ENTER Your Selection Nou... ESCape to exit

N J

You can select any of the options from the Collector-Box Emulator
menu, but before you do, observe the following note.

NOTE: The upper right-hand corner of the Collector-Box Emu-
lator menu indicates either:

¢  the version of the software in use or
¢  the emulator is in TEST mode

If you access this menu without first toggling out of TEST mode
in the main menu, the data you see will be invalid. (In TEST
mode, the data shown is sample data built into the software to
demonstrate the software.) Verify that you are in monitor mode
if you want to see valid flow data!
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The PC Collector-Box menu provides you with ten options. Al-
though the options are self-explanatory, a description of each
follows: »

1

Display the GRAND AVERAGE FLOW of all Probe-
Boxes—As the option says, you will be shown the Grand
Average of all the Probe-Boxes. You also will be shown
the average flow of each Probe-Box. The average flow of
each Probe-Box is calculated by summing the flows of all
working sensor points related to a specific Probe-Box and
dividing by the number of sensor points. The Grand
Average of all the Probe-Boxes is calculated by summing
the average flow of all the Probe-Boxes and dividing by
the number of Probe-Boxes.

Display the GRAND AVERAGE TEMP of all Probe-
Boxes—This option is identical to Option #1 except that
temperatures are displayed rather than flow. Calcula-
tions are performed in the same manner.

Calibration Error Test / Active Sensor Test—This
feature is not normally used with a standard Series 670
Digital Flow Averaging Array.

Display all FLOWS and TEMPERATURES of a spe-
cific Probe-Box—You can use this option to view the
flows and temperatures of all sensor points related to a
specific Probe-Box. Before you are shown any data, you
will be asked to specify a Probe-Box address.

Display FLOWS and TEMPERATURES for a maxi-
mum of 20 Sensors—This option uses two different
screens to display flows and temperatures. The first
screen shows you numerical values for all the tempera-
tures and flows in a Series 670 Digital Flow Averaging
Array comprising no more than twenty sensor points. A
second screen provides you with a pie chart graphical
representation of the flow at each sensor point.

Display Pie Chart Graphics of Flow in % Full
Scale—This option uses the same pie chart graphic to
show you the flow through each point in a flow array of
no more than twenty sensor points.

The PC
Collector-Box
Menu
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Display Flows and Temperatures of all Probe-
Boxes—This option is similar to Option #4 in that it
shows you the flows and temperatures of sensor points
related to specific Probe-Boxes. But instead of showing
you the data for a single Probe-Box, this menu option
cycles through the entire flow array one Probe-Box at a
time, showing you the flow and temperature for every
sensor point in the system.

Show / Change System Configuration—This option
permits you to view and change the system configuration
information that is stored in a specific Probe-Box. Unlike
the system configuration stored in the Collector-Box,
which contains data pertaining to the entire flow array,
the Probe-Box-specific system configuration shown here
is what the Probe-Box that you have selected understands
the system configuration to be. Normally, most parts of
the system configuration will be the same in the Collec-
tor-Box and all Probe-Boxes that are part of a single flow
array. (The default address, Probe-Box #1, automatically
reflects the system configuration that is stored in the
Collector-Box.)

NOTE: Item #7, the Auto-Self Clean starting time,
should be different (by at least 10 minutes) in each Probe-
Box that is part of a single flow array. All other items, #1
through #6, should be identical in the Collector-Box and
all Probe Boxes. The only time this would not be the case
would be in a system in which Probe-Boxes are connected
tosensors that monitor flow in different ducts and yet feed
a common Collector-Box. In this unusual circumstance,
duct area and full scale flow could be different from one
Probe-Box to another.

Display Minimum / Maximum Temperatures of all
Probe-Boxes—This option maintains a running record,
which is updated every minute or so, of the minimum and
maximum temperatures that each sensor point is sub-
jected to over the life of its installation. Like Option #7,
this menu option cycles through the entire flow array one
Probe-Box at a time, showing you minimum and maxi-
mum temperatures for each sensor point in the system.

Save / Print System Configuration—This option al-
lows you to save the system configuration information to
a disk file or fo send the same information to a printer.
Part of the system configuration that is saved to a disk file
(or sent to a printer) includes the “personality” for each
sensor point in the flow array.
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NOTE: If you are going to experiment with a Probe-Box’s
configuration information for any reason, this option is
useful because it allows you to save the old data to a file
for safekeeping, just in case you might want to use it
again.

This main menu option allows you to select a specific Probe-Box
and Bridge (sensor point) address from which to monitor system
flow or temperature. The default values are Probe-Box #1 and
Bridge address #1.

This main menu option allows you to quit from the Collector-Box
Emulator software program.

Sierra Instruments is constantly revising the Collector-Box Em-
ulator software in an effort to refine and expand the program’s
capabilities and its ease of use. As new versions of the software
become available, Sierra Instruments distributes them on an “as
needed” basis. That is, if the changes made simply enhance
product performance or capability, Sierra will not send new
versions of the software to all its customers. If, on the other hand,
a change eliminates a potential source of problems with the
product, Sierra will distribute new software to all affected cus-
tomers.

The Collector-Box Emulator software is composed of three files:

~ ¢ DIGSIER.EXE—this portion of the software is responsible
for collecting and analyzing the data from the Probe-Boxes
and displaying that information on your screen.

e  EGAVGA.BGI—thisis an EGA/VGA graphics screen driver
for the program

¢ HERC.BGl—this is a Hercules graphics screen driver for
the program

If you receive a new version of the software from Sierra Instru-
ments, review any special instructions included with the disk-
ette. If the software includes an upgrade to the Controller board
or Digi-Bridge microprocessor software, see the section called,
Upgrading the Microprocessor Software.

If a software upgrade involves only a change to the Collector-Box
Emulator software, you can copy the new file(s) directly from the
upgrade diskette to the hard disk drive in your computer.

Menu Option S

Menu Option @

Upgrading the
Software

Parts of the
Emulator
Software
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Parts of the
Microprocessor
Software

Upgrading the
Microprocessor
Software

Figure 20_

RS-232
Communications
Adapfter
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The microprocessor software for the Digi-Bridge and Controller
boards is composed of two files:

- 651vXX.CMD—this is the portion of the software that is resident

in the controller board in each Probe-Box.

DIGIvXX.CMD—this is the portion of the software that is resi-
dent in each Digi-Bridge board in a Probe-Box.

If a software upgrade affects the software stored in the micropro-
cessors of the Controller or Digi-Bridge boards, you will need to
obtain a special adapter from Sierra Instruments Customer
Service. This adapter allows your computer to communicate with
a Series 670 Digital Flow Averaging Array via an RS-232 com-
munications link. Figure 20 illustrates the RS-232 adapter and
shows you how to install it to complete the communications link.
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Each Controller board and Digi-Bridge board contains a dual- Communications

mode, RJ-25 communications connector. This connector can be
used in two modes:

e  adefault, operational, RS-485 MODE to monitor flow

e atemporary RS-232 MODE to upgrade the software stored
in a microprocessor’s memory

A mini-jumper next to the RJ-25 connector determines the
connector’s mode. See Figures 21 and 22 for the locations of the
RJ-25 connectors and mode-select mini-jumpers on the Control-
ler board and Digi-Bridge board.

Mini-Jumper Positions

Operational

u

DETAIL

Program

+————————— RJ-25 Communications Connector

Eg < Mode-Select Mini-Jumper

Mini-Jumper Positions

Operational

Program

DETAIL

+—————— RJ-25 Communications Connector

4—————— Mode-Select Mini-Jumper

Mode Selection

Figure 21
Controller Board
Communications
Connector and
Mini-Jumper

Figure 22
Digi-Bridge Board
Communications

Connector and
Mini-Jumper
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In order to use the RJ-25 connector to upgrade the software in
the Controller or Digi-Bridge boards, you must move the mini-
Jjumper to its RS-232 MODE position. After following the instal-

. lation instructions included with the software upgrade diskette,

return the mode-select minijumper to its original, default, oper-
ational, RS-485 MODE position.

After you have completed the software installation, double-check
the positions of the mode-select mini-jumpers and store the
upgrade diskette in a safe place.
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The Controller board contains six LEDs arranged along the top

edge of the circuit board. These LEDs provide operational and
diagnostic information about the state of the Controller board
and the Digi-Bridge boards with which it communicates.

Frequently the LEDs’ states, on—off—blinking, are determined
by whether the operator has pressed Controller board
pushbutton switch, SW1, to generate a series of calibration
voltages. (See Section 4, Operating Instructions, for an explana-
tion on the use of this switch and its affect on the LEDs.)

The LEDs are numbered CR1 through CR5 and CR11, with CR1
being the LED closest to the edge of the circuit board. (See
Appendix F, Controller Board Critical Component Locations, for
an illustration of the LEDs.) An explanation of the LEDs’ states
follows:

CR1 POWER—always on solid whenever the Probe-Box is
turned on.

CR2 ZERO (yellow)—normally blinks when the Probe-Box is
connected via RS-485 to a Collector-Box to indicate the
health of the Controller board’s microprocessor; blinks
more slowly when the Probe-Box is connected via RS-485
to an IBM-compatible computer running Collector-Box

Emulator software; on solid when SW1 forces generation
of 0% DAC FS output.

CR3 FULL SCALE (yellow)—on solid when SW1 forces gen-
eration of 100% DAC FS output. (CR3 and CR2 are on
solid when SW1 forces generation of 25%, 50%, and 75%
DAC FS output.)

CR11 OVER-RANGE (green)—normally on solid to indicate
the Digi-Bridge interface with the Controller board is
working correctly; blinks slowly if there is a problem.

CR4 VER (green)—on solid during Auto-Self Clean; blinks
the software version number when SW1 forces generation
of 100% DAC FS output (v2.32=6 blinks, v2.2=5 blinks,
v2.0=3 blinks, v1.9=2 blinks, v1.8=1 blink)

CR5 AUX (green)—blinks to indicate when the Controller
board is communicating with a Collector-Box; on solid
when the Controller board is communicating with an
IBM-compatible computer running Collector-Box Emula-
tor software.

Controller
Board LEDs

D
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Index

A

access code
air mass velocity
alarm relays
alarm,

fault

high and low flow

setpoints
alarms
alarms,

system
Auto-Self Clean

B

back-up battery,
totalizer
bias factors

C

calibration
CE Test
centroid (of equal areas)
Collector-Box Emulator
Collector-Box,
access code
alarm setpoints
analog outputs
diagnostics
fuses
hidden configuration parameters
input power
installation
kickouts
maintenance
mounting
operator buttons
output signals
relay outputs
storing setup
viewing angle
computer,
IBM-compatible
configuration,
system
verifying
Controller board LEDs
cross-sectional area

37,42
57

50
51
51
61

50
5-6,72

25
44 - 45

55

71

6, 19

15, 29, 63, 65, 67 - 70, 73, 77

43
40-41
39
43
54
42
31
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D
DACFS 40
diagnostics 43, 57
diameters,
downstream 5
straight run 5
upstream 5
DIGSIER 68, 73
duct area 38
E
electrical codes 11
encasement 3,25
engineering units 48
explosion-proof enclosure,
Collector-Box 31
Probe-Box 5
F
field wiring 7-8,31
filter,
box car 50
flange sizes 6
flow 71-72
flow display 47
flow output signals 61
flow ranges 61
flow rate,
average 47
flow,
calculating 23
monitoring 19
function key,
F1 44
F2 44
F3 45
F4 46
G
gas density 39
gases 61
H
heat shrink tubing 26 - 27, 29
hidden configuration parameters 42
high temperature silicon 26 - 27, 29
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o

O-rings 26, 28
operating instructions 17
operation,

principles of 3
output signals,

flow 61

temperature 61
outputs,

relay 51
P
particulate 17
particulate,

build-up 5
Pitot tube,

S-type 21,44
plane of sensor 6
potentiometers,

adjustment 54
power supply wiring,

Probe-Box 11
power,

input 61
principles of operation 3
probe,

cleaning 25

duct mounting 5

stack mounting 5
Probe-Box motherboard LEDs 17
protocol,

RS-485 63
purge air 7,31
R
reference method 45
relay outputs 51
repair 59
RJ-25 connector 75-76
RMA number 59
RS-232 mode 75-76
RS-485 fault 37,57
RS-485 interface 14, 33, 65
RS-485 interface adapter 66 - 67, 69
RS-485 interface card 65
RS-485 mode 75-76
RS-485 protocol 63
RTD 3
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I
input power,

115/230 VAC 11-12

24 VDC 12-13

Collector-Box 61

Probe-Box 11,61
interface adapter,

RS-485 15, 66 - 67, 69
interface cables,

sensor-to-bridge board 57
interface card,

RS-485 15, 65
J
jumper,

output select 18
K
K-factor 38, 44
L
LED 43, 50, 61
LED,

high and low alarm 50

power 49

RS-485 fault 49

sensor fault 49
LEDs,

Controller board 17

Probe-Box motherboard 17
M
maintenance,

system 25
mass 48 - 49
mass flow 48 - 49
mass flow rate 3
memory,

non-volatile 37,42
messages,

caution 1

warning 1
metal conduit 5, 13,31
Method 1 21
Method 2 21
microprocessor software 74
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0

O-rings 26, 28
operating instructions 17
operation,

principles of 3
output signals,

flow 61

temperature 61
outputs,

relay 51
P
particulate 17
particulate,

build-up 5
Pitot tube,

S-type 21,44
plane of sensor 6
potentiometers,

adjustment 54
power supply wiring,

Probe-Box 11
power,

input 61
principles of operation 3
probe,

cleaning 25

duct mounting 5

stack mounting 5
Probe-Box motherboard LEDs 17
protocol,

RS-485 63
purge air 7,31
R
reference method 45
relay outputs 51
repair 59
RJ-25 connector 75-76
RMA number 59
RS-232 mode 75-76
RS-485 fault 37,57
RS-485 interface 14, 33, 65
RS-485 interface adapter 66 - 67, 69
RS-485 interface card 65
RS-485 mode 75-176
RS-485 protocol 63
RTD 3
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T

S
screen drivers 73
sensor fault 57
sensor,

broken 25

defective 47

FR 3

matching 25

replacing 26

temperature 3

velocity 3
Sierra Instruments Customer Service 26, 28 - 29, 59
signals,

output 14
software installation 67
software,

microprocessor 74
standard conditions 3
standard mass velocity 19
standard pressure 19 - 20, 23
standard temperature 19 - 20, 23
standard volumetric flow rate 19
storing setup 42
SW1,

switch 18,77
switch SW1 18
system configuration 72
Teflon insulation 27 - 28
temperature 45,71-72
temperature output signals 61
temperature,

maximum 72

minimum 72

reference 39

standard 39
terminal strip 7,9-10, 27,29, 31, 57
thermal principle 3
thermophoretic forces 6
thermowell 3,25
tools 26
totalizer 49, 51, 61
troubleshooting 57
\'%
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vacuum grease 26, 28
velocity 48 -49
volumetric flow rate,
actual _ 23
standard 23
w
wiring,
input 32
power supply 31
sensor-to-bridge board 13
signal 13-14,32-33
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