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IMPORTANT CUSTOMER NOTICE- OXYGEN SERVICE
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resulting from the use of Sierra Instruments standard mass flow meters for oxygen
gas. You are responsible for determining if this mass flow meter is appropriate for
your oxygen application. You are responsible for cleaning the mass flow meter
tothe degree required for your oxygen flow application.
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Warnings and Cautions

A

Warning! Agency approval for hazardous location installations varies between flow me-
ter models. Consult the flow meter nameplate for specific flow meter approvals before
any hazardous location installation.

Warning! All wiring procedures must be performed with the power off.

Warning! To avoid potential electric shock, follow National Electric Code safety practices or
your local code when wiring this unit to a power source and to peripheral devices. Failure to
do so could result in injury or death. All AC power connections must be in accordance with
published CE directives.

Warning! Do not power the flow meter with the sensor jumper wires disconnected. This could
cause over-heating of the sensors and/or damage to the electronics.

Warning! Before attempting any flow meter repair, verify that the line is de-pressurized.
Warning! Always remove main power before disassembling any part of the mass flow meter.

Warning! Do not disassemble the compression fitting on your 760S Chlorine Trak. Doing this
might cause Chlorine leaks to develop.

A

Caution! Changing the length of cables or interchanging sensors or sensor wiring will
affect the accuracy of the flow meter. You cannot add or subtract wire length without re-
turning the meter to the factory for re-calibration.

Caution! When using toxic or corrosive gases, purge the line with inert gas for a mini-
mum of four hours at full gas flow before installing the meter.

Caution! The AC wire insulation temperature rating must meet or exceed 71°C (158°F).

Caution! Before making adjustments to the Smart Electronics device, verify the flow meter
is not actively monitoring or reporting to any master control system. Adjustments to the elec-
tronics will cause direct changes to flow control settings.

Caution! Printed circuit boards are sensitive to electrostatic discharge. To avoid dam-
aging the board, follow these precautions to minimize the risk of damage:

o before handling the assembly, discharge your body by touching a grounded, metal
object

o handle all cards by their edges unless otherwise required

e when possible, use grounded electrostatic discharge wrist straps when handling
sensitive components

0-6
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Chapter 1 Introduction
Series 780S FlatTrak™ Mass Flow Meters

Sierra’s Series 7808 FlatTrak Mass Flow Meter provides a relia-
ble solution for monitoring gas mass flow rate. Low-flow sensitiv-
ity, fast response and outstanding rangeability have made this
model the instrument of choice for many critical gas flow applica-
tions. The Series 780S meter solves the problems associated with
monitoring flow in installations where long runs of straight pipe
are not available. The instrument’s built-in flow conditioner cre-
ates a uniform velocity profile by means of two stainless-steel
perforated plates welded into the body between the sensor and the
inlet connection. With flow conditioning, upstream piping re-
quirements are reduced to less than three diameters after most
common flow disturbances.

The flow meter’s versatile microprocessor-based transmitter inte-
grates the functions of flow-range adjustment, meter validation and
diagnostics in a probe-mounted or remotely mounted housing. Mass
flow rate and totalized flow, as well as other configuration variables
are displayed on the meter’s optional LCD display. The meter pro-
vides an optical/galvanic isolated flow output, two alarm outputs and
one contact input for range or gas selection. The programmable
transmitter is easily configured via RS-232 and Sierra’s Smart Inter-
face™ software or through three push buttons built into the device.

The Series 780S Mass Flow Meter’s simple installation combines
with an easy-to-use interface that provides quick set up, long term
reliability and accurate mass flow measurement over a wide range
of flows and conditions.

Using This Manual
This manual provides the information you need to install and oper-
ate the Series 780S Mass Flow Meter. The four chapters of this
manual cover the following areas:
Chapter 1 includes the introduction and product description
Chapter 2 provides installation and wiring instructions
Chapter 3 describes system operation and programming
Chapter 4 covers troubleshooting and repair

The product specifications are found in Appendix A.

IM-78S 1-1
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Note and Safety Information

We use note, caution and warning statements throughout this book
to draw your attention to important information.

A AN A\

Warning! Caution! Note

This statement appears with This statement appears with  This statement appears with
information that is importantto  information that is important a short message to alert you
protect people and equipment  for protecting your equipment  to an important detail.

from damage. Pay very close and performance. Read and

attention to all warnings that follow all cautions that apply

apply to your application. to your application.

Receipt of System Components

When receiving a Sierra mass flow meter, carefully check the out-
side packing carton for damage incurred in shipment. If the carton
is damaged, notify the local carrier and submit a report to the fac-
tory. Remove the packing slip and check that all ordered compo-
nents are present. Make sure any spare parts or accessories are not
discarded with the packing material. Do not return any equipment to
the factory without first contacting Sierra Customer Service.

Technical Assistance

If you encounter a problem with your flow meter, review the con-
figuration information for each step of the installation, operation
and setup procedures. Verify that your settings and adjustments are
consistent with factory recommendations. Refer to Chapter 4, Trou-
bleshooting, for specific information and recommendations.

If the problem persists after following the troubleshooting proce-
dures outlined in Chapter 4, contact Sierra Instruments by fax or by
E-mail (see inside front cover). For urgent phone support you may
call (800) 866-0200 or (831) 373-0200 between 8:00 a.m. and 5:00
p.m. PST. In Europe contact Sierra Instruments bv at +31 20
6145810. When contacting Technical Support, make sure to include
this information:

¢ the flow range, serial number and Sierra order
number (all marked on the meter nameplate)

e the software version (visible at start up)

e the problem you are encountering and any correc-
tive action taken

e application information (gas, pressure, temperature
and piping configuration)

1-2 IM-78S
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The Series 780S Flow Sensing Principle

Sierra’s unique Steel-Trak™ sensor probe is responsible for the un-
surpassed accuracy, ruggedness and reliability of Sierra industrial
flow meters. The immersible Steel-Trak sensor consists of two
sensing elements—a velocity sensor and a temperature sensor that
automatically corrects for changes in gas temperature.

When power is applied to the flow meter, the transducer electron-
ics heats the velocity sensor to a constant temperature differential
above the gas temperature and measures the cooling effect of the
gas flow. The electrical power required to maintain a constant tem-
perature differential is directly proportional to the gas mass flow
rate.

Both sensors are reference-grade platinum resistance temperature
detectors (RTDs). The platinum RTD wire is wound on a rugged
ceramic mandrel for strength and stability. Steel-Trak sensors are
clad in a rugged, sealed 316 stainless steel encasement.

Flow Sensing Principle

Heat
Ta

T
Heated
velocty
sensor s
Mass Temperature
flow, i sensor
RTD sensor RTD sensor

and heater
combination

Figure 1-1. Series 780S Flow Sensing Principle
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Smart Electronics Features

Instrument Validation

Two simple tests offer full “field-validation” of your Smart mass
flow meter. The first test checks the system electronics, lineariza-
tion and microprocessor functionality and is performed by inject-
ing a known input value and confirming that the flow meter out-
puts the expected value. The second test verifies that the instru-
ment’s primary sensing elements have not drifted or shifted from
their original calibration and is accomplished by measuring the re-
sistance of the velocity and temperature sensors and comparing the
results to the NIST-traceable calibration data provided with the
flow meter. Together, these tests confirm that your meter is work-
ing correctly and the calibration variables did not drift, shift or
change values.

Dual Range or Dual Gas Calibration (Optional)

Select one of two factory calibrated flow ranges using a simple ex-
ternal customer-supplied single contact closure.

User Full Scale Flow Rate

Field-configure from 50% to 100% of the factory full scale setting
(factory full scale is normally set to 125% of the user-specified max-
imum flow rate). This adjustment can be made for each flow range.

Alarms

Program high and low or window alarm limits independently for
each flow range. The solid state contacts are optically isolated.

K-Factor Correction

Change the calibration correction factor to compensate for flow pro-
file disturbances or specific application conditions. The K-factor is
a multiplication factor applied to the linearized flow signal. You
may set the K-factor individually for each flow range.

Dual Output Signals

The flow meter offers two separate linear output signals propor-
tional to flow, 0-5 VDC (0-10 VDC optional) and 4-20 mA. The
4-20 mA output can be field-configured as an active loop pow-
ered by the flow meter or an optically isolated passive loop re-
quiring an external power supply.

14
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Totalizer

With the optional LCD display, actual mass flow appears on line 1
and the totalized flow on line 2 both in the user-specified engineer-
ing units. The totalizer counts only the selected range and when
ranges are switched, the value of the non-selected range is stored in
memory. You may reset the totalizer using the membrane buttons
or by using a hand-held magnet.

NOTE: The totalizer will display a real-time value, but the
EPROM requires six (6) minutes to store it. Always wait at
least 6 minutes to remove power or this most recent flow accu-
mulation may be lost.

Zero and Span Outputs
Validate and adjust the settings to ensure output circuits are correct.

Time Response Delay

Select from a low response for faster tracking to a high response
for a smoother output.

Enclosure Options

Flow meter electronics are available mounted directly to the flow
body, or remotely mounted up to 200 feet away. The electronics
housing may be used indoors or out, including wet environments.

Display options include a 2 x 12 character LCD display of mass
flow rate including totalized mass, or a single-digit LED located on
the device printed circuit board. Local operation and reconfigura-
tion is accomplished using the three push buttons operated via fin-
ger touch. Smart electronics include nonvolatile memory that stores
all configuration information. The memory allows the flow meter to
function immediately upon power up, or after an interruption in
power.

Smart Interface™ Software

Sierra’s Smart Interface Windows' -based software is available for
connecting your PC directly to the mass flow meter. An RS-232
serial cable is provided with each meter, or is available from the
factory. Download the software at https://www.sierrainstru-
ments.com/products/sip/sip.html. See the Smart Interface User
Guide included with the software package for operating instruc-
tions. (Order code for this package is 780-SIP.)

IM-78S
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Chapter 2 Installation

Installation Overview

The FlatTrak™ 780S Series is available with ANSI or DIN flanges,
ANSI Kynar flanges, NPT or butt-weld connections. For ease of

Wamingl installation, the meter is pre-assembled with the sensor probe in-

Agency approval for hazard- talled in the fl bod
ous location installations var- Stalled 1 the Tiow body.
ies between flow meter mod-

els. Consult the flow meter When selecting an installation site, make sure that:

nameplate for specific flow

meter approvals before any . .

hazardous location installation. 1. Line pressure and temperature will not exceed the flow meter

rating. Temperature should not vary more than 200°F (100°C)
around the calibration temperature. Line pressure should not
vary more than 50 psi (3.4 bar) around the calibrated pressure.

2. The location meets the required minimum number of pipe
diameters upstream and downstream of the sensor head
(see Table 2-1).

3. Safe and convenient access with adequate clearance. Also, veri-
fy the meter is located where the gas is clean and dry and the
meter is calibrated for the gas to be measured.

4. When using a CSA, FM or EEx approved flow meter, verify
that the cable entry into the instrument meets the specific stand-
ard required for that approval.

5. For remote installations, verify the supplied cable length is suf-
ficient to connect the flow meter sensor to the remote electron-
ics. (Do not extend or shorten the supplied cable between the
probe and the electronics.)

6. CAUTION: Do not over tighten bolts on Kynar flow bod-
ies. Do not over tighten NPT threaded fitting on Kynar flow
bodies. Chlorine is a corrosive and poisonous gas. Sierra In-
struments is not responsible for leakage, cracking or over pres-
surization of the flow body. The unit has been leak and Pressure
tested under 345 PSI (23 Barg). Check the unit thoroughly for
transport damage before installation

Also, before installation check your flow system for anomalies
such as:
e leaks

IM-78S 2-1
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e valves or restrictions in the flow path that could create dis-
turbances in the flow profile that might cause unexpected
flow rate indications

e heaters that might cause rapid excursions in the meas-
ured temperature

Unobstructed Flow Requirements

Select an installation site that will minimize possible distortion in the

flow profile. Valves, elbows, control valves and other piping com-
ponents may cause flow disturbances. Check your specific piping
condition against the examples shown below. To achieve accurate
and repeatable performance, install the flow meter using the recom-
mended number of straight run pipe diameters upstream of the sen-
SOr.

Piping Condition Upstream(") Requirements
Single 90° Elbow or T-piece 1D
Same Plane 3D
Different Plane 3D
Reduction 3D
Expansion 3D
After Control Valve 5D
(1) Number of diameters (D) of straight pipe required between upstream disturbance and the flow meter sensor.

Table 2-1. Pipe Length Requirements for Installation

For Kynar Bodies:

Minimum required straight piping before the flow meter.

Unlike the sierra 780S Series the 760S Series does not contain
built-in flow conditions. Straight piping before the flow meter is
therefore very important for proper operation.

Select an installation site that will minimize possible distortion in
the flow profile. Valves, elbows, control valves and other piping
components may cause flow disturbances. Check your specific pip-
ing condition against the examples shown below. In order to
achieve accurate and repeatable performance install the flow meter
using the recommended number of straight run pipe diameters up-
stream and downstream of the sensor. See table below.

2-2

IM-78S



Series 7808 Instruction Manual

Chapter 2 Installation

A B A B
ii Flow meter i Flow meter

Example 1. Example 4.
One 90° elbow before meter Reduction before meter
A B
A B
Flow meter E
Flow meter
Example 2. Example 5.
Two 90° elbows before meter in one plane Expansion before meter
A B
A B
Flow meter
Flow meter
aTa
-
Example 3. Example 6.
Two 90° elbows before meter cut of plane (if three Regulator or valve partially closed before meter (If valve is always
90° bends present, double recommended length) wide open, base length requirements on fitting directly preceding it)

Example A B
1 15D 5D
2 20D 5D
3 40D 10D
4 15D 5D
5 30D 10D
6 40D 5D

(1)

)

Number of diameters (D) of straight pipe required between upstream disturb-
ance and the flow meter.

Number of diameters (D) of straight pipe required downstream of the flow me-
ter.

Table 2-2. Pipe Length Requirements for Installation for Kynar Bodies

IM-78S
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Installing the Flow Meter

A

Caution!

When using toxic or
corrosive gases,
purge the line with
inert gas for a min-
imum of four hours
at full gas flow be- FLOW =P

fore installing the

Enclosure
adjustable to anM
viewing positio

Flow direction indicator
should point downstream
in the direction of flow

Figure 2-1. Flow Meter Orientation (Flange Connection Shown)

When positioning the flow meter, refer to the flow direction indicator at-
tached to the probe. For proper operation, install the meter with the flow
direction indicator pointing downstream in the direction of flow. In-
stalling the meter opposite this direction may result in inaccurate flow
measurement.

To install the flow meter:

1. Turn off the flow of process gas. Verify that the line is not pressurized.
Confirm that the installation site meets the minimum upstream pipe di-
ameter requirements shown in Table 2-1.

2. Prepare the fluid connection fittings or flanges in the pipeline.
(Fitting components should be blown clean with filtered gas be-
fore use.) Mount in a horizontal or vertical pipe run. For horizon-
tal pipelines having a process gas temperature above 300° F
(130°C), mount the flow meter at a 90-degree angle to avoid
overheating the electronics enclosure.

3. Seat the flow meter level and square on the mating fluid connec-
tions with a gasket in place for each side for flange types. (Make
sure both gaskets are smooth and even with no gasket material
protruding into the flow profile; obstructions in the pipeline
could cause inaccurate flow measurement.) Make sure that the
flow direction indicator is pointing downstream in the direction
of flow.

2-4 IM-78S
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4. Secure the fluid connections as specified in the technical guide-
lines furnished by the fitting or flange manufacturer.

5. Ifneeded, adjust the optional display to the desired orientation,
as follows.

Changing Display Orientation (Hazardous-Area Enclosures Only)

Depending on installation requirements, you may need to change
the position of the optional display. To rotate the display board:

1. Use a 1/16-inch hex key to loosen the set screw securing the
larger end of the enclosure. Turn cover counterclockwise and
remove.

2. Remove 4 screws and standoffs from the display. Release the
latch securing the display ribbon cable connector from the dis-
play board.

3. Rotate the display board to the desired position. Re-connect the
ribbon cable to the display board.

4. Replace the 4 screws and standoffs. Replace the enclosure cov-
er. Tighten set screw.

IM-78S 2-5
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A Wiring Connections - Protection of Your Meter

Warning!

Failure to adhere to
these guidelines may
result in water dam-
age that is not cov-
ered under Sierra’s

Warranty Policy.

For To protect your investment and be certain of a long reliable service
life, we have compiled some guidelines (from experience) that will aid
your installation team in properly protecting the electronics from the ap-
plication environment. These instruments have been designed for and
proven reliable in some of the most extreme process conditions in indus-
try: Mining, Oil and Gas, Water, Wastewater etc. The key however is to
follow best practices to insure a proper seal to protect the internal com-
ponents of this precision instrument.

Water penetration can lead to a damaged flow meter. Sierra’s "E" HALE
ex-proof enclosures are rated to a NEMA4X, IP66 rating. This provides
protection against, rain, sleet, snow and splashing water, but water can
damage the sensor, electronics or wiring terminals if the meter is not
properly installed and maintained.

To minimize the potential for water damage, Sierra Instruments recom-
mends the following:

¢ Install conduit seals near the enclosures on all ports.

e Use a cable gland design that provides shielded cable ter-
mination and an environmental seal against dirt and water.

e Do not bend, kink, or otherwise distort the cable at the en-
try points to the cable glands.

e Route conduit or cable using a drip loop or drain as close as
possible to the enclosure ports unless the cable slopes di-
rectly down.

e Ifthe factory cable glands are replaced to install other
adapter fittings, conduit fittings, cable glands, or any other
modification to the cable entry points be sure to use a good
quality thread sealant on all NPT threads as well as verify-
ing they are all tightened and sealed appropriately so as not
to leak.

e Be certain to use NPT threads when connecting to the hous-
ing. Some electrical fittings are not tapered but will fit in
the NPT ports of the enclosure. Sufficient Teflon tape and
pipe dope is recommended to insure a leak tight seal.

e Ifyou are uncertain of the conditions the interior of the
housing is subjected to over time, a small temporary data-
logger can be placed in the housing to record temperature
and humidity to establish a baseline. Corrective action can
be made based on this data before instrument degradation

2-6
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sets in. Contact Sierra Instruments for suggested sources of
small dataloggers.

e Keep the enclosure lids sealed tight using the supplied o-
rings.

e As part of the lid o-ring inspections look for any signs of
condensation inside of the enclosure. If condensation or
signs of condensation/corrosion are found be sure all fit-
tings/seals are securely tightened as well as a desiccant bag
can be used and replaced as needed. This can be particular-
ly important if the temperature is cycled.

Wiring Connections- General

For NEMA 4X enclosures, use TB2 for power and signal connec-
tions, TB1 is for sensor connections. (The terminal designations
g are labeled inside the enclosure cover.)

Warning! — Wiring connections NEMA 4X enclosure
To avoid potential electric inside cov er terminal blocks
shock, follow National Electric ol S e A
Code safety practices or your B2
local code when wiring this unit | | 002 'E 8 !
to a power source and to pe- 0 1 8 4o s
ripheral devices. Failure to do 10 5 E 8 !
so could result in injury or o o 1 812 gowul TB1
death. All AC power connec- 00 14 E 813 som(¢Q0
tions must be in accordance 10 16— 330 38 [
with published CE directives. To access components: 100
1. Loosen 4 screws. ~ d
2. Remove cover.

Figure 2-2. Wiring Access NEMA 4X Enclosures

For Hazardous-Area enclosures, use the terminal blocks located in-
side the smaller end of the flow meter enclosure for all wiring con-
nections. (The terminal designations are labeled inside the enclo-
sure cover.) Make sure to observe all CE compliance requirements
for AC wiring connections given on the next page.
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Hazardous-Area enclosure

Set screw terminal blocks
A /— Wiring _ _
connections / [ 0] [BS ; 338 i
O O] |n03| 100
Warning! 1 83 1238 1
All wiring procedures must 0O 6| 15000
be performed with the i 8 : 1‘318 [
power Off. 0O 9| 1200
00O 10 11000

To access components:
1. Use 1/16 inch hex key to loosen set screw.
2. Turn cover counterclockwise to remove.

Figure 2-3. Wiring Access Hazardous-Area Enclosures

Input Power Wiring

AC Power Wiring

The AC power wire size must be 26 to 16 AWG with the wire
stripped 1/4 inch (6 mm). Connect 100 to 240 VAC (300 mA load,
maximum) to the Neutral and Line terminals on the small, two-
position terminal block. Connect the ground wire to the safety
ground lug. Torque all connections to 4.43 to 5.31 in-lbs (0.5 to 0.6
Nm).

For all installations not using solid metal conduit, the ferrite clamp
must be installed just above the input power wire entry into the en-
A closure (Figure 2-5). All EEx installations must use an approved

Caution! EEX fitting at both cable entries into the enclosure. If conduit seals

The AC wire insulation tem- are used, they must be installed with 18 inches of the enclosure.
perature rating must meet or

exceed T1°C (158°F). The Hazardous-Area enclosure has two separate conduit entries to

maintain separation between AC input power and output signal wir-
ing. To eliminate the possibility of noise interference use a separate
cable entry for the AC power and signal lines.
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A

Warning!

All wiring proce-
dures must be per-
formed with the
power Off.

Hazardous-Area Enclosures

AC Power (Neutraljq — AC Power (Line)
1

O
o] |

0000000000
o0~ h~wN 2

Enclosure

safety
ground lug
Figure 2-4. AC Input Power Connections
Ferrite L
clamp — Mains (AC)
g power cable

(Ferrite clamp not required for conduit)

Figure 2-5. Ferrite Clamp Installation

DC Power Wiring

The DC power wire size must be 26 to 16 AWG with the wire
stripped 1/4 inch (6 mm). Connect 18 to 30 VDC (625 mA load,
maximum) to the terminals marked PWR+ and PWR- on the termi-
nal block. Torque all connections to 4.43 to 5.31 in-1lbs (0.5 to 0.6

Nm).

All EEx installations must use an approved EEXx fitting at both ca-
ble entries into the enclosure. If conduit seals are used, they must

be installed within 18 inches of the enclosure.

IM-78S
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NEMA 4X Enclosures

\

DC Power (+)

DC Power {—

50 40|:|
30[ |20

Figure 2-6. DC Input Power Connections

Hazardous-Area Enclosures

DC Power (+) /
DC Power (—)/

200100
19010
1800
1700
16010
15010
14010
1300
1200

0000000000
SLOOO\IOU'!JBC\) N =

Figure 2-7. DC Input Power Connections
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Output Signal Wiring

Output signal cable should be completely screened with a 100%
shield. You must use metal cable glands that provide cable
screen clamping. The cable screen should be connected to the
gland and shielded at both ends over 360 degrees. The shield
should be terminated to an earth ground.

Flow meters are equipped with either a calibrated 0-5 VDC (0-10
VDC optional) or a calibrated 4-20 mA output signal. This linear
output signal represents 0-100% of the flow meter’s user full
scale.

DC Output Wiring

The 0-5 VDC (0-10 VDC optional) signal can drive a minimum
load of 1000 Ohms. Note: the optional 0-10 VDC output signal is
not available for power sources below 15 VDC.

For 0-5 VDC or 0-10 VDC connections, connect to the terminals
marked Vout (+) and Vout (—) as shown below.

4 \

O1
02 O3
O4|| JOs
O6 o7

Os|| JOs
0=5 YV OUT (+) o O14

0-5 Vv OUT () 2| o3
o4l o
i sO[ ]

so[ ]| +o[]

30| 20
K 10 /

Figure 2-8. DC Output Signal Connections

|-

Hazardous-Area Enclosures

0-5 V out (+) /

0-5 V out (—){

200100
19010
18010
1700
16010
15010
14010
1300
1200
11010

0000000000
Soo~NooswNn

Figure 2-9. DC Output Signal Connections
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4-20 mA Output Wiring

The 4-20 mA current loop output can be self-powered (non-
isolated) or externally powered (isolated). To use the 4-20 mA iso-
lated output, an external 12 to 36 VDC power supply is required.
The maximum loop resistance (load) for both types of current loop
outputs are dependent upon the supply voltage and are given in Fig-
ure 2-10.

Rioad 1s the total resistance in the loop, including the wiring re-
sistance. To calculate Rimax, the maximum Rieaq for the loop, use the
maximum loop current, 20 mA. The voltage drop in the loop due to
resistance is 20 mA times Rioad and this drop is subtracted from the
input voltage. Thus:

Rmax the maximum load resistance = 50 * (Vsupply — 7.5V)

To use an external power supply for an isolated 4-20 mA output,
connect as shown in Figure 2-11 or Figure 2-13. For an internally
powered, non-isolated 4-20 mA output, connect as shown in Figure
2-12 or Figure 2-14.

1600
A
1400 // Vsupply Rmax
1200 — (Volts) (Ohms)
= ] 11 (min) 175
g 1040 — 12 225
= poo > 15 375
£ koo o 4 18 525
= Operaling area 24 825
400 ] T 30 1,125
p00 fﬂ/ 36 (max) 1,425
i) T T
6 12 18 24 30 36
Vsupply (volis)

Figure 2-10. Load Resistance Versus Input Voltage
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NEMA 4X Enclosures

Current
R load =

4200ut() | |
o +‘ m q s0[]
u|En
12 VDG Ol-o 0]
to [ "

36 VvDC

°1 4-20 out (+)

Figure 2-11. Isolated 4-20 mA Current Loop Connections

NEMA 4X Enclosures

4 )

Jumper

R load ‘(ﬂt
NN
4-20 out (-)
V out (=) (

(Common)

Figure 2-12. Non-Isolated 4-20 mA Current Loop Connections

Hazardous-Area Enclosures

2000
190 [0
180 [
170 [0
160 [
150 [
140
130 [0
12010
110100

4-20 out (+)

0000000000
S ©XX~NO U A WN =

4-20 out (-) R load
<~

Current

Figure 2-13. Isolated 4-20 mA Current Loop Connections

Hazardous-Area Enclosures

2000
19010
18010
1700
1600
1500
14

1300
1200
11010

Jumper
Com

4-20 out (-
ut () Use either

Pin 4 or 14,
NOT BOTH

0000000000
S ©OX~NOU A WN =

Current\L R load

Figure 2-14. Non-Isolated 4-20 mA Current Loop Connections
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Alarm Output Wiring

Two alarm outputs (Low Alarm and High Alarm) are included on the
flow meter terminal block. The alarm outputs use optical relays that
are normally-open single-pole relays with one common connection.

There are two connection options for alarm outputs—the first with a sep-
arate power supply (isolated) and the second using the flow meter pow-
er supply (non-isolated). Use the first option with a separate power
supply if a specific voltage is needed for the alarm output. Use the sec-
ond (non-isolated) configuration if the voltage at the flow meter’s pow-
er supply is an acceptable driver voltage for the load connected. (Take
into account that the current used by your alarm loads have to come
from the flow meter’s power supply.) In either case, the voltage of the
alarm output is the same as the voltage supplied to the circuit.

To use an external power supply for an isolated alarm output, con-
nect as shown in Figure 2-15 or Figure 2-17. To use the internally
powered, non-isolated alarm output connect as shown in Figure 2-
16 or Figure 2-18. For a window alarm connect both outputs to-

gether.
NEMA 4X Enclosures
AC orDC h
power sLpply ALRM COM

HI ALARM (=)

LO ALARM (-)

[1+© !
[120[]
. . .
Figure 2-15. Isolated Alarm Output Connections
NEMA 4X Enclosures
4 )
Load Load 5 8'
ALRM COM . mlo.| AUX DC PWR OUT
oelFos| HTALARM (=)
LO ALARM {-) 1 Oo-|0os
orolFlor
[Onz|] JOr —
common | & Q0
el Uj-o
[1lzC ]
0
. o

Figure 2-16. Non-Isolated Alarm Connections
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/A

Caution!

Changing the length of ca-
bles or interchanging sen-
sors or sensor wiring will af-
fect the accuracy of the flow
meter. You cannot add or
subtract wire length without
returning the meter to the
factory for recalibration.

Hazardous-Area Enclosures

/

e
pO\AAS:ero;uE;))%Iy ALRM COM Egz E%
Load Load \ ES? 128 N
HI ALARM (=) 83 o
LO ALARM (-) O 1o

Figure 2-17. Isolated Alarm Output Connections

Hazardous-Area Enclosures

DC POWER OUT /

HI ALARM (=)

Load Load

oOomOoooO

0000000000

Do~ us N~
=]

LO ALARM (-)

ALRMCOM

Figure 2-18. Non-Isolated Alarm Connections

Remote Sensor Probe Wiring

When connecting the sensor probe to a remotely mounted flow
meter enclosure, use only factory supplied cables. The electron-
ics, sensors and interconnecting cables supplied by Sierra In-

struments are calibrated as a complete precision mass flow cir-
cuit.

To connect the sensor probe to a remotely mounted electron-
ics enclosure, see Figure 2-19 or Figure 2-21. To make wiring
connections from a sensor probe junction box to a remotely
mounted enclosure, see Figure 2-20 or Figure 2-22.

IM-78S
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NEMA 4X Enclosures
e N
Remote
19| enclosure Sensor
ife) probe
1fe] RED
%8 GREEN
10 m Temperature Velocity
1fe) O K sensor sensor
[oI! |
ORANGE
\ 7 — WHITE
BLACK
Note: Sensor wire color may vary - see label in cover

Figure 2-19. Remote Electronics Enclosure to Sensor Connections

NEMA 4X Enclosures
p \ Sensor
Remote probe
Te) gg enclosure junction
0o|go box
58 §8 RED |_
—— GREEN
O0o|go |
oolgo O
agioo oM
ORANGE
\ J | b— white [
BLACK
Note: Sensor wire color may vary - see label in cover

Figure 2-20. Sensor Junction Box to Remote Enclosure Connections

Hazardous-Area Enclosures Sensor
— probe
GREEN
ORANGE
0O 1|200
002|190
Romote 15 £
emote [0O 4|17
00O 5| 160 RED
enclosure[go¢| =00 WHITE
0O 7]1400 BLACK
0O (1300
0O 91200
0019/ 1100

Note: Sensor wire color may vary - see label in cover

Figure 2-21. Remote Electronics to Sensor Connections

2-16
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Hazardous-Area Enclosures
Sensor probe

- junction box

GREEN
ORANGE |

Remote [O
enclosure g

RED
WHITE
BLACK

Lol

0000000000
amm\‘@m#(ﬂ’\)—\

Note: Sensor wire color may vary - see label in cover

Figure 2-22. Sensor Junction Box to Remote Enclosure Connections

Range Selection Wiring

To access range selection, connect two wires on the terminal strip
as shown below. When the switch is closed the device changes to
Range 2. Opening the switch returns the device to Range 1.

NEMA 4X Enclosures

Range 1
RANGE SELECT oo
— Ol
—,  COMON o0l
on
Range 2 \ J
Figure 2-23. Range Selection Wiring
‘Hazardous-Area Enclosures
Range 1
00 1
0O 3
- 8 4
is) g Range 2
0O 7
1o}
0O 9
00 10

Figure 2-24. Range Selection Wiring
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Chapter 3 Operation

This chapter covers flow meter operation, programming and in-
strument validation procedures. All instructions include directions
for using either the optional LCD display or the internal Smart
electronics device for programming. If your meter is not equipped
with the optional display, you will need a good quality digital
voltmeter or multimeter for programming and validation proce-
dures.

Flow Meter Start Up

When applying power to a flow meter equipped with the optional
LCD display you will see the product name, the software version,
unit serial number, the range number, the user full scale (UFS), the
current flow rate and the totalized flow. Any active alarm will flash
on the screen every few seconds.

When applying power to a flow meter without the display, the
Smart electronics on-board single-digit LED flashes the revision
number of the software in a series of 3 digits followed by the range
number. The range number continues to flash every three seconds
thereafter.

Record Factory-Set Parameters

You may view parameters using the optional LCD front panel dis-
play or by selecting functions on the single-digit LED and viewing
the meter’s 0-5 VDC output with a digital voltmeter (DVM).

For meters with the LCD display, use a hand-held magnet or the
device buttons to select the FUNCTION key. When FUNCTION is
selected, the display prompts for a password. Select FUNCTION
again to skip the password to view and record the factory settings.
To make changes, at the password prompt use the UP arrow until
the number 11 is displayed. Select FUNCTION again to continue.

For flow meters without the display, remove the enclosure cover to
access the Smart electronics device. Connect the DVM as described
on the following pages and record the factory-set parameters.

IM-78S
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Smart Electronics Device

o O Single
|:| digit LED
. Functi .
0 Inside cover unction®)l | side cover
up[e]
o o Down[©]

Figure 3-1. Smart Electronics Device Locations
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/AN

Caution!

Before making any ad-
justment to the Smart
electronics device, verify
the flow meter is not ac-
tively monitoring or re-
porting to any master
control system. Any ad-
justment to the electron-
ics will cause direct
changes to flow control
settings.

Using the Smart Electronics Basic Features

This section covers the basic features of the Smart electronics and in-
cludes instructions on:

entering alarm parameters

changing the user full scale

adjusting the K-factor

adjusting the time response speed

resetting the totalizer

To access the meter’s advanced features of zero and span, turn to
page 3-11. Instrument validation procedures begin on page 3-13.

Note: when programming the instrument, after 12 seconds of non-
activity the meter returns to the Run Mode with any new settings im-
mediately in effect. For units without a display, if the unit “times-out”
press the FUNCTION button only to resume adjustments.

Hazardous-Area Enclosure Optional LCD Display

For units with the optional display, you may program the meter
without opening the enclosure using the magnetic switches to enter
the desired system settings.

Hazardous-Area Enclosures ONLY

Position magnet at the
midpoint of the enclosure — LED
over the desired switch indicator

1]

DOWNwr ‘ A UP

To activate the magnetic switches for programming:

1. Position magnet over FUNCTION, UP or DOWN (the LED lamp indid
switch activ ation).
2. Hold in place until the desired v ariable is display ed. Remov e magnet.

NOTE: When activ ating magnetic switches, variables first cycle up or
down at a slow rate. When holding the magnet in position for longer
than three seconds, the cycle speed increases to a faster rate.

Figure 3-2. Magnetic Switch Operation

IM-78S
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LCD Display Programming Menu

Start Up
Screens
Fl del Sierra
ow meter mode Flow Meter
v
Software version Version
Meter serial number Serial No.
R”"‘:V'°de LCD Display
Current flow rate Flow FUNCTIONS
Totalized flow Total Flow
* S Password
elect
Current range in us€l [ Range No. | | FUNCTION v
User full scalg UFS
+ Zero Volts
Current flow rate] Flow v
If an alarm is active Alarm B
will flash 4* Span Volts
v
For units with the optional front Zero mA
panel LCD display, you must +
correctly enter the password to
change parameters. Span mA
Toview settings, select +
FUNCTION twice, skipping the High Alarm
password. Tochange settings,
select FUNCTION. At the v
password prompt, use the UP
arrow until the number 11 is Low Alarm
display ed. Select FUNCTION +
again to continue.
K-Factor
Use the UP or DOWN arrows to
enter new parameters. Select +
FUNCTION to continue.
User FS
After 12 seconds of non-activity, *
the settings are saved and the
meter returns to the Run Mode. Time Resp.
v
Total Reset?

v
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Single-Digit LED Programming Menu

Run Mode
Software v ersion FUNCTION
shown in series  |Version Assignments
of 3 digits *
] | Press Voltage Zero
Range in use ;4 "\l | FUNCTION

Voltage Span

Press FUNCTION to view or

change settings. Current Zero

Use the UP or DOWN button
to enter new parameters.
Press FUNCTION to continue.

Current Span

After 12 seconds of non-activity, High Alarm
the settings are saved and the
meter returns to the Run Mode.
Low Alarm
K-Factor

User Full Scale

ooVl e wled il =

Time Response
Delay

L
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VAN

Caution!

The flow meter must not be
reporting or measuring gas
flow during adjustments.

Entering Alarm Parameters

Use the High Alarm and Low Alarm function to set or adjust
alarm trip points. The alarms have a minimum hysteresis of 3% to
avoid "chattering." When setting a window alarm, the alarm set-
points must be at least twice the hysteresis value apart. We suggest
at least a 10% separation between window alarm setpoints. If you
choose not to use the high alarm for a specific alarm function, Si-
erra recommends that you set the high alarm at 100% of the user
full scale setting which creates an “over-range” indicator. Your
flow meter will continue to indicate flow and generate a signal if
the flow is over the maximum range, but will not operate within the
specified accuracy.

Entering Alarms using the LCD Display
Enter alarms setpoints directly in engineering units.

1. Select the desired range. Select FUNCTION, enter the pass-
word. Select FUNCTION again until High Alarm or Low
Alarm appears on the display.

2. Use UP or DOWN to enter the high or low alarm setpoint value
in engineering units.

3. Select FUNCTION to advance to the next option, or after 12
seconds of non-activity the meter returns to the Run Mode and
the new parameters are in effect.

Entering Alarms using the Single-Digit LED

When using a DVM to set alarms, the setpoint is a percentage of
the flow meter’s user full scale.

VOLTS = (ALARM PERCENT x 5.0)

If you want to alarm at 25% of user full scale, used in Step 3 be-
low, press the UP or DOWN button until 1.25 VDC is present on
the DVM. If you want to alarm at 75% of user full scale, press the
UP or DOWN button until 3.75 VDC is present on the DVM.

1. Setthe DVM to voltage mode and connect between Vout+ and
Vout— on the flow meter terminal block.

2. Select the desired range. Press the FUNCTION button until a sol-
id “5” (high alarm) or solid “6” (low alarm) appears on the LED.

3. Adjust the UP or DOWN button until the DVM indicates the
desired setpoint voltage as described above.

3-6
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A

Caution!

The flow meter must not be
reporting or measuring gas
flow during adjustments.

4. Press FUNCTION again to advance to the next option, or after
12 seconds of non-activity the meter returns to the Run Mode
and the new alarm parameters are in effect.

K-Factor Adjustment

Entering a K-factor adjusts the meter’s output signal without af-
fecting the factory calibration curve. Use the K-factor calibration
offset for additional flow profile compensation (the factory in-
cludes an initial flow profile correction in the calibration curve of
the unit).

Entering a K-factor using the LCD Display

A K-factor value of 1.000 means the output value is not affected
and is the factory default setting. You may enter any number from
0.500 to 5.000.

1. Select the desired range. Select FUNCTION, enter the password.
Select FUNCTION again until K-factor appears on the display.

2. Use UP or DOWN to enter the desired K-factor value in engi-
neering units.

3. Select FUNCTION to advance to the next option, or after 12
seconds of non-activity the meter returns to the Run Mode and
the new K-factor is in effect.

Entering K-factor using the Single-Digit LED

A K-factor value of 1.000 VDC means the output value is not af-
fected and is the factory default setting. You may enter any value
from 0.500 to 5.000 VDC in Step 3 below. If the device indicated
output is 3.0 VDC and you know it should be 3.8 VDC then you
could “force” the output to the desired 3.8 VDC by adjusting the
K-factor to indicate 1.27 VDC (1.27 = 3.8/3.0). Use this formula to
determine the desired K-factor voltage:

VOLTS = DESIRED/ INDICATED

1. Set the DVM to voltage mode and connect between Vout+ and
Vout— on the flow meter terminal block.

2. Select the desired range. Press the FUNCTION button until a
solid “7” appears on the LED.

IM-78S
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3. Adjust the UP or DOWN button until the DVM indicates the
desired K-factor value as described above.

4. Press FUNCTION to advance to the next option, or after 12

seconds of non-activity the meter returns to the Run Mode and
the new K-factor is in effect.

3-8
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VAN

Caution!

The flow meter must not be
reporting or measuring gas
flow during adjustments.

User Full Scale Adjustment

The user full scale (UFS) feature adjusts the flow meter output
range anywhere within 50% to 100% of the factory full scale (FFS).
This feature allows you to re-range the voltage or current output of
the meter to accommodate different flow rates. Note: when entering
a new user full scale setting for Range 2, it cannot be less than 10%
of the Range 1 user full scale.

Changing the User Full Scale using the LCD Display

The factory full scale is shown on the flow meter label. If you want
a UFS equal to the FFS, adjust the display to match the FFS. If you
want to use 50% of FFS, adjust the display to read 50% of the FFS.

1. Select the desired range. Select FUNCTION, enter the password.
Select FUNCTION again until User Full Scale appears on the
display.

2. Use UP or DOWN to enter the desired UFS value in engineer-
ing units.

3. Select FUNCTION to advance to the next option, or after 12
seconds of non-activity the meter returns to the Run Mode and
the new UFS is in effect.

Changing the User Full Scale using the Single-Digit LED

If the FFS is set to 11,000 sfpm and UFS is set to output 5.0 VDC,
or 100%, the flow meter will indicate 5.0 VDC when 11,000 sfpm
is present on the probe. If you want 6,000 sfpm for UFS, used in
Step 3 below, adjust the UFS to 6000/11000 or 54.55% of factory
full scale. Adjust the voltage to 2.73 VDC (2.73 = 5 x .5455). Use
this formula to determine the desired UFS voltage:

VOLTS =5 x User Full Scale / Factory Full Scale

1. Set the DVM to voltage mode and connect between Vout+ and
Vout— on the flow meter terminal block.

2. Select the desired range. Press the FUNCTION button until a
solid “8” appears on the LED.

3. Adjust the UP or DOWN button until the DVM indicates the
desired user full scale as described above.

IM-78S
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4. Press FUNCTION to advance to the next option, or after 12

seconds of non-activity the meter returns to the Run Mode and
the new UFS is in effect.

Time Response Delay Adjustment

Changing the Time Response Delay using the LCD Display

1.

Select FUNCTION, enter the password. Select FUNCTION
again until 7ime Response appears on the display.

Use UP or DOWN to adjust the time response delay from 0.10
to 7.2 seconds.

Select FUNCTION again to advance to the next option, or after
12 seconds of non-activity the meter returns to the Run Mode
and the new time response setting is in effect.

Changing the Time Response Delay using the Single-Digit LED

1.

Set the DVM to voltage mode and connect between Vout+ and
Vout— on the flow meter terminal block. Select the desired
range. Press the FUNCTION button until a solid “9” appears
on the LED.

Adjust the UP or DOWN button until the DVM indicates the
desired voltage (as shown in the following table).

Indicated Response Indicated Response Indicated Response Indicated Response
on DVM (Seconds) on DVM (Seconds) on DVM (Seconds) on DVM (Seconds)

Volts Time Volts Time Volts Time Volts Time

05 0.1 1.0 03 1.5 05 20 0.7
25 1.2 3.0 1.8 35 24 4.0 3.6
4.5 4.8 5.0 7.2

3. Press FUNCTION to advance to the next option, or after 12

seconds of non-activity the meter returns to the Run Mode and
the new time response delay setting is in effect.

3-10
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Totalizer Reset

If your device is equipped with the optional LCD display, reset the
totalizer using the magnetic switches or device buttons. If you are
unable to open the flow meter enclosure, use a magnet to reset the
totalizer as shown below.

Reset the Totalizer using the LCD Display

1. Select the desired range. Select FUNCTION, enter the pass-
word. Select FUNCTION again until Total Reset? appears on
the display.

2. Select the UP button and then the DOWN button until the dis-
play reads “Resetting Totalizer.”

Reset the Totalizer without Opening the Enclosure

1. Position a magnet above the enclosure until the display reads
“Resetting Totalizer.”

For Hazardous-Area enclosures only: To disable the magnetic reset
function of the totalizer, remove jumper (J2) from the PCB at the
location shown below. (You may not disable the magnetic reset
switch on NEMA 4X enclosures.)

Hold magnet here
— for reset

\

(Remove J2 to disable)
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Using the Smart Electronics Advanced Features
A Zero and span (Function 1 through 4) can be used to validate sys-

o Caution! tem operation and calibrate the digital to analog signals on the
Adjusting zero or span will . . .- ;
affect meter calibration. Smart electronics device. Additionally, these functions can com-
pensate for resistance in long signal cables connected to your data
collection or indicating system.

You must use a certified digital voltmeter to adjust zero and span as
the voltmeter acts as a standard. We recommend recording the cur-
rent values as shown on the LCD display or DVM before making
any changes to the zero and span settings. Note: when adjusting zero
the voltage signal will be driven to 0 VDC and when adjusting span
the voltage signal will be driven to 5 VDC (or 10 VDC).

Voltage Zero Adjustment

If needed, use Zero Volts (Function 1) to adjust the 0-5 VDC out-
put to 0.0 VDC, or optional 0-10 VDC to 0.0 VDC.

1. Set the DVM to voltage mode and connect between Vout+ and
Vout-.

2. Select FUNCTION, enter the password (if so equipped). Select
FUNCTION again until Zero Volts appears on the LCD display
or a solid “1” appears on the LED. Adjust UP or DOWN until
the DVM indicates between 0 and .01 VDC (no less than
0.005, the Smart electronics device cannot drive negative val-
ues).

3. After 12 seconds of non-activity, the meter returns to the Run
Mode and the new parameter is in effect.

Voltage Span Adjustment

If needed, use Span Volts (Function 2) to adjust the 0-5 VDC out-
put to 5.0 VDC, or optional 0-10 VDC to 10 VDC.

1. Set the DVM to voltage mode and connect between Vout+ and
Vout—.

2. Select FUNCTION, enter the password (if so equipped). Select
FUNCTION again until Span Volts appears on the LCD display
or a solid “2” appears on the LED. Adjust UP or DOWN until
the DVM, indicates between 4.99 and 5.01 VDC. (For 0-10 VDC
devices, the target value is 9.99 to 10.01.)
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3. After 12 seconds of non-activity, the meter returns to the Run
Mode and the new parameter is in effect.
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Note: when adjusting zero the current signal will be driven to 4 mA and
when adjusting span the current signal will be driven to 20 mA. We rec-
ommend recording the current values before making any changes to the
current zero or span settings.

Current Zero Adjustment

If needed, use Zero mA (Function 3) to adjust the 4-20 mA output
to 4.0 mA.
- Caution! 1. Disconnect the 4-20 mA (+) loop wire. Set the DVM to current
Adjusting zero or span will . . . .
affect meter calibration. mode and connect the positive lead to the wire you just discon-

nected. Connect the negative lead to the 4-20 mA (—) on the
flow meter terminal block.

2. Select FUNCTION, enter the password (if so equipped). Select
FUNCTION again until Zero mA appears on the LCD display or a
solid “3” appears on the LED. Adjust UP or DOWN until the
DVM indicates between 3.95 and 4.05 mA. Set DVM back to
voltage mode when adjustment is complete.

3. After 12 seconds of non-activity, the meter returns to the Run
Mode and the new parameter is in effect.

Current Span Adjustment

If needed, use Span mA (Function 4) to adjust the 4-20 mA output
to 20.0 mA.

1. Disconnect the 4-20 mA (+) loop wire. Set the DVM to current
mode and connect the positive lead to the wire you just discon-
nected. Connect the negative lead to 4-20 (—) on the flow meter
terminal block.

2. Select FUNCTION, enter the password (if so equipped). Select
FUNCTION again until Span mA appears on the LCD display or a
solid “4” appears on the LED. Adjust UP or DOWN 2 until the
DVM indicates between 19.95 and 20.05 mA. Set DVM back to
voltage mode when adjustment is complete.

3. After 12 seconds of non-activity, the meter returns to the Run
Mode and the new parameter is in effect.

3-14 IM-78S



Series 7808 Instruction Manual Chapter 3 Operation

Instrument Validation

System electronics are verified by injecting a known input value
and confirming that the flow meter outputs the expected value.
This test confirms that the microprocessor, analog to digital and
digital to analog converters, the linearizer and the display are
working properly. Sensor validation is accomplished by measuring
the resistance of the velocity and temperature sensors and compar-
ing the results to the NIST-traceable calibration data provided with
the flow meter. These tests confirm that your meter is working cor-
rectly and the calibration variables did not drift, shift or change
values.

To perform the instrument validation procedures you will need the
following equipment:

e certified digital multimeter with minimum 4 character resolution,
accuracy of at least = 0.1% of range

e (alibration Certificate supplied with the flow meter

e small pot adjusting tool (screwdriver)

Before beginning the validation procedures, review Figure 3-3 and
Figure 3-4 to familiarize yourself with the component locations.

NEMA 4X Enclosures

— J1 CAL/RUN jumper. Place in the
CAL position for validation, return to
RUN position for normal operation.

— Potentiometer VR3

VR3 % Hazardous-Area Enclosures
[e]

Potentiometer VR3

J1 CAL/RUN jumper. Place in the
CAL position for validation, return to
RUN position for normal operation.

Figure 3-3. Electronics Validation Component Locations
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Electronics Validation Procedure

1. Verify the flow meter is off line from any remote communica-
& tions. Make sure the meter’s user full scale setting is the same
as the factory full scale setting. If not, adjust the user full scale

Caution!
value as needed.

Before beginning this
procedure, make sure

thtei)vfnla(l)wmn;iti?c:rii?] ”‘(’)trig' 2. Locate the Calibration Certificate supplied with the flow meter.
por){ing to any?naster Record in Table 3-1 the five 1b‘rid.ge voltage values, the output
control system. Any ad- (VDC or mA) values and the indicated flow values.
justment to the electron-
ics will cause direct
changes to flow control 3. Remove power from the flow meter. Rerpgve the cpver(s) of
settings. the flow meter enclosure to access the wiring terminal block

and the Smart electronics device.

4. Set the multimeter to the 20 volt range. Connect to BV(+) and
BV(-) terminals on the flow meter terminal block.

5. Move the J1 Cal/Run jumper on the Smart electronics device to
the CAL position. Locate potentiometer VR3 on the Smart elec-
tronics device. Turn on power to the flow meter.

6. Adjust potentiometer VR3 until the multimeter matches the
first bridge voltage point (the value must be = 0.002 VDC of
the bridge voltage point).

7. Record the resulting flow shown on the optional LCD display
in Table 3-1. If not using a display or if you prefer to validate
one of the analog output signals, move the multimeter + con-
nection to Vout (+). Record the resulting output voltage in Ta-
ble 3-1. If using a 4-20 mA calibrated meter, set the multimeter
to read current and connect the meter to read the mA signal in
your connected loop. Record the resulting current output in Ta-
ble 3-1.

8. Repeat Step 6 and Step 7 to record the results of the remaining
four bridge voltage validation points in Table 1. Compare the
values recorded in Table 3-1. Indicated values must be within
the flow meter’s stated accuracy shown on the Calibration Cer-
tificate.

9. When data collection is complete, turn off power to the flow me-
ter. Disconnect the multimeter from the flow meter terminal
block.
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10. Place the J1 Cal/Run jumper in the RUN position. Make sure

the jumper is securely in place before resuming flow meter op-
eration. Replace the flow meter cover(s).

Calibration Certificate Values

Validation Test Results

Flow Flow
Sam- Bridge Indicated Output Indicated Meter Output Meter
ple Voltage Flow (V or mA) Flow Stated (V or mA) Stated
Point (LCD) Accura- Accuracy
cy
0%
25%
50%
75%
100%
Table 3-1. Electronics Validation Results
IM-78S 3-17
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Sensor Validation Procedure

/A

Caution!

Do not power the flow
meter with the sensor
jumper disconnected.
This could cause over-
heating of the sensors
and/or damage to the
electronics.

1.

2.

Obtain the Ro and Alpha values for both the temperature and the

velocity sensors. To obtain these, use the SIP134 software and

provided SIP cable and navigate in the software to Advanced Op-

tions/Save Variables to Disk/Start/Save/OPEN FILE (using a text
program such as WordPad). Scroll down to Alpha and Ro val-
ues for both sensors. Use these in your manual calculations. If
you do not have access to the software, contact the factory and
supply the serial number and sales order number and we can
normally supply these values.

before continuing.

Turn off power to the flow meter. Allow a 6-minute cool-down

3. Remove the cover of the flow meter enclosure to access the sensor
connection points. Remove the four-position jumper from J5, J6, J7
and J8 (see below for location).

Smart Electronic Device
NEMA 4X Enclosures

Terminal Board
Hazardous-Area Enclosures

\

] =

4
jele]
[=]=]

,
-

| J5 temperature
— J6 temperature
[— J7 velacity
[ J& velocity

~
M=o

[e]le]ele]
] | |

coooOod

islelelelslslelalale]
000 = @ h e L R s

RN
T aTs

Remove jumper,
measure on LEFT
ROW of pins

TB6
TB3

L

o
o |

[e]e]e]s]
Y

Y
LA
=T

OoOooooOodos

J5 temperature
J6 temperature
J7 velocity
J8 velocity

Remaove jumper, measure
on RIGHT ROW of pins

Figure 3-4. Sensor Validation Component Locations

4. Set the multimeter to read Ohms in the 200 Ohm range. Con-
nect TB3 and TB6 on NEMA 4X enclosures or TB17 and
TB18 on Hazardous-Area enclosures. Measure the cable re-
sistance between the terminals. Record the resistance (in
Ohms) in Column 1 of Table 3-2.

5. Set the multimeter to read Ohms in the 2K range. Connect to
terminals of J5 and J6 (temperature sensor). Meaure the re-
sistance between J5 and J6. Record the temperature sensor re-
sistance (in Ohms) in Column 2 of Table 3-2.

3-18
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10.

Set the multimeter to read in the 200 Ohm range. Connect the
multimeter to terminals of J7 and J8 (velocity sensor). Measure
the resistance between J7 and J8 and record the velocity sensor
resistance (in Ohms) in Column 2 of Table 3-2.

Calculate Rfinal by subtracting Column 1 from Column 2. Enter
the value in Column 3 of Table 3-2.

Use the measured resistance values and the Ro and Alpha Ro
values from the Calibration Certificate to calculate the tem-
perature for each sensor as follows:
T=_R-R
Alpha x R
Where

T = degrees Celsius

R = measured sensor resistance

Ro = resistance at 0° C (from the Calibration Certificate)

Alpha = value unique to each sensor (from the Calibration Certificate)

Compare the results recorded in Column 4 of Table 3-2. The
sensors are validated if they are within 10 degrees Celsius of
each other.

Disconnect the multimeter and replace the four-position jumper
on the sensor terminals. Make sure the jumper is securely in
place before applying power. Replace cover.

Column 1 Column 2 Column 3 Column 4
Cable Temperature Sensor Riinal T
Resistance Resistance (from equation)
Cable Velocity Sensor Riinal T
Resistance Resistance (from equation)

Table 3-2. Sensor Validation Results

IM-78S
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A

Warning!

Before attempting any flow
meter repair, verify that the
line is not pressurized.

Always remove main power
before disassembling any
part of the mass flow meter.

Chapter 4 Troubleshooting and Repair

Troubleshooting the Flow Meter

Begin hardware troubleshooting by verifying the following facili-
ties issues are correct. These areas impact system operation and
must be corrected prior to performing any flow meter inspections.

1. Verify the incoming power to the flow meter is present and of
the correct voltage and polarity.

2. Check the flow meter wiring for correct connections as de-
scribed in Chapter 2.

3. Verify the flow meter is installed with the correct number of
upstream pipe diameters as shown on page 2-2.

4. Verity the flow direction indicator is correctly aligned pointing
downstream of flow.

5. Make sure there are no leaks in the line being measured.

After verifying the factors above, follow the troubleshooting proce-
dures outlined on the next page. If you need to return the flow meter
to the factory, see page 4-3 for return shipping instructions.

Flow Meter Calibration

Sierra Instruments maintains a fully-equipped calibration laborato-
ry. All measuring and test equipment used in the calibration of Si-
erra meters are traceable to NIST standards. Sierra is ISO-9001
registered and conforms to the requirements of ANSI/NCSL-Z540
and ISO/IEC Guide 25. If the flow body or electronics have been
damaged or you simply want to have the flow meter re-calibrated,
contact the factory for return shipping instructions. Calibration
must be performed by qualified personnel using NIST-traceable
equipment.

IM-78S
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Problem

Possible Cause

Solution

Velocity measurement is er-
ratic or fluctuating

Velocity measurement
seems too high or low

No response to flow from
sensor assembly

Very erratic or non-uniform flow
Moisture present in gas flow
Flow conditioning plates are not
upstream of the sensor

Sensor component broken

Malfunction in system
electronics

Ground loop

Sensor assembly not aligned
correctly to flow

Flow conditioning plates are not
upstream of the sensor

No power

Low flow cutoff setting too high

Flow rate below meter's minimum

flow rating

Flow has exceeded the maximum
range of the flow meter

Sensor failure

Printed circuit assembly defective

Follow installation requirements shown
in Chapter 2

Install a water trap or filter upstream of
the flow meter sensor

Correct flow meter orientation

Return to factory for replacement

Return to factory for evaluation

Check wiring, see Chapter 2

Correct alignment with the flow indicator
pointing downstream in the direction of
flow

Correct flow meter orientation

Turn on power to the flow meter
Correct low flow cutoff programming us-
ing the Smart Interface software.
Contact factory for instructions

Set the user full scale to equal the fac-
tory full scale

Reduce flow below the maximum range
shown on the meter’'s nameplate or
contact the factory for re-calibration ad-
vice

Return to factory for evaluation

Return to factory for evaluation
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Returning Equipment to Factory

Factory Calibration—All Models

Sierra Instruments maintains a fully-equipped calibration laboratory. All measur-
ing and test equipment used in the calibration of Sierra transducers are traceable
to NIST Standards. Sierra is ISO-9001 registered and conforms to the require-
ments of ANSI/NCSL-Z540 and ISO/IEC Guide 25.

Instructions for Returning Your Instrument for Service

The following information will help you return your instrument to Sierra Instru-
ments' Factory Service Center and will ensure that your order is processed
promptly. Prices may vary depending on the flow range, type of gas and operat-
ing pressure of your unit. To request detailed pricing, contact your local Sierra
Instruments distributor or contact one of our offices directly. Our expedite fees
are: three-day turnaround 25%, two-day turnaround 40%.

Please follow these easy steps to return your instrument for fac-
tory service:

Obtain a Return Materials Authorization (RMA) number from the Sierra Instru-
ments website at http://www.sierrainstruments.com/rma/login.php

If you require service beyond calibration, but do not know which service(s) will
be required, describe the symptoms as accurately as possible on the RMA form.

Pack your instrument carefully. Use the original packaging and foam or bubble
wrap (packing peanuts NOT recommended) and include a copy of the RMA form
(complete with Sierra supplied RMA number) with the unit(s).

Ship the unit(s) to the following address:

Sierra Instruments, Inc.
Attention: Factory Service Center
5 Harris Court, Building L
Monterey, CA 93940 USA

RE: RMA# (your number)
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Appendix A 780S Product Specifications

DIMENSIONAL SPECIFICATIONS

V4-inch NPT—Front View (E2) V4-inch NPT—Side View (E2) Sizes for NPT

‘__ 8.06 __‘ Sizes For NPT
(204 7]
-
: 8.40 — -
1/4-inch 2134 _ _
. 6.90 220 6.50
1/2-inch
3/4-inch NPT Typ. 1753 (55.9) )]
) 6.90 220 700
14-inen I/4:Inch (175.3) (55.9) 177.8)
NPT Famals Typ
fefinchy 210 1.50 3.50
1.4 -
o ’j ‘_f (228.6) (381 (88.9)
. 940 225 525
1.5-inch
238.8 57.2 133.4
2-inch and 3/4-inch NPT—Front View (E2) 12-inch and 3/4-inch NPT—Side View {E2) ¢ ) 672 ( J
2inch 10.20 350 750
i . (2591 (82.9) (190.5)
(114.3) .,
(=28 —_ .20 400 10.00
r = (284.5) (101.6) (254)
i) o . 1.20 400 12.00
20 4-inch
P (@) (284.5) (101.6) (304.8)
Male NPT
Thread 6.inch 12.20 6.00 18.00
- S NETIYE: (309.9) (152.4) (457.2)
L i . 13.20 8.00 24.00
L Pt 28 Boingh (335.3) (203.2) (609.6)

‘Finch Through 8-Inch NPT—Front View (E2) ‘FHinch to 8-Inch NPT—Froni/Side View (EN2)

45
(114.3) e e D —72‘“4‘
45 @ &
355
ez
Male NPT
Thread
L] &
= 1
Fe o]
b 2]
Male NPT
Thread
1/2 and 3/4-inch 150 Ib Flange —Front View {E2) 1/2 and 3/4-inch 150 Ib Flange—
Side View (E2) -y
4.5
(114.8)
8.08
T (204.7) L2 =i
=
45
(114.3y c
}—L\‘i M H1 Sizes for 150 Ib ANSI Flange
-p 3/d-inch NPT Typ: Sizes For 150 Lb Ansi Flanges
€ Size H1 C L1
L1
L2
. 779 6.94 260 6.95 .
Vzineh | ore) | 176.3) | 66.0) | s |2
Al dimensions are inches. Willimeters are inparentheses. All drawings have a +/-.25-inch . 779 6.94 2.78 7.56
(6.4 mm| tolerance. Certified drawings are available on request 3/2-inch (197.9) | (176.3) | (70.6) 1192.0) 45°
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DIMENSIONAL SPECIFICATIONS 3

1" Through 87 150 |b Flange —Front View (E2)

™

45
(1143)

4
Lo g Pty

NEMA 4X Enclosure - Front View (EN2}

1" Through 8" 150 Ib Flange — Side View {E2)

Sizes For 150 Lb Ansi Flanges

3fa-inch NPT Typ.-

Size c U Lz
Jinch (2%;?3) (39‘1(?2) (1;;%) =
TN N e
oo | 2 a5 1 e
¢ 3-inch (21:3205) (1%?,2) (;f)‘?g) =
4-inch (2113:05) (1%?,%) (;2023) 2
G-inch (;égz %) (1%221) (2185;)2) s
8-inch (;35322) (280302) (ég'gg) Y

Sizes For PN16 DL Flanges

€

” e Lt e

Remote Mounted with Junction Box (E4)

~a ?ltf?aﬁ

Per Custormer
Cable Length
Requirement,

Maximum 100 Feet

§i)s “\;

c
DN5O (12%5?3) (gf, g) (1;;?3)
DNSo (;%23) (1?{;%2) (12%53)
DN100 (;%s ‘2’) (:‘{:Z) (;igg)
oMo | g | o | esen
DN200 (;235'03) (;3 1"5‘?) (é‘:é?g)

Remote Mounted with Junction Box {EN4}

70 38—~

Alldimensions areinches. Millimetersarein parentheses. All drawings have a +/-25-inch {6.4 mm) tolerance. Certified drawings are available onrequest
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4 Sizes For Remote Mounted
Size C

1/4-inch ?‘.;&1)

1/2-inch 2'795.3)

3/4-inch (61'795.3)
1-inch (921321)

1.5-inch (gzgga)
Zinch :2529?1)
3-inch (1;82: 5)
4-inch :;:f 5)
Bl :32.629(.)9)
Binch :33.525.?3)

PERFORMANCE SPECIFICATIONS

Accuracy
+- 1% of read

ing + 0.5 % of full scale

Repeatability
+- 0.2% of full scale

Temperature Coefficient

+/-0.02% of reading per °F within +/- 50° F of customer specified conditions
+/-0.03% of reading per °F within +/- 50°F to 100° F of customer

specified conditions

+/-0.04% of reading per °C within +/- 25°C of customer specified conditions
+/-0.06% of reading per °C within +/- 25°C to 50° C of customer

specified conditions

Pressure Coefficient

.02% per psi for air, consult factory for other gases

Response Time

One second to 63% of final velocity value

OPERATING SPECIFICATIONS

Gases
Most gases compatible with 316 L stainless steel
Gas Pressure
Mechanical design pressure:
150 Ib flange or PN16 DN (-40° F to 100° F): 230 psig (15.9 barg)
150 Ib flange or PN16 DN (250° F): 185 psig (12.8 barg)
150 Ib flange or PN16 DN (450° F): 155 psig (10.7 barg)
NPT (-40°F to 250° F): 500 psig (34.5 barg)

PERFORMANCE SPECIFICATIONS

HEOOOE
&SN

)
S oD
7 7 7 F T M enotes
% .5 100 (249.1) 7 i 77 ,EI( i ann Upper Flow Limit
- = pid - (Mach No.= 0.3}
="]
£ 2 AV
28 /
£ 5 10 (24.9) £ = sy, —F5 -7
= = F va 7 7 77
g = /7 AR i
g e i / / /
5% ARV IV /
— @
& z:i 1(2.49)
= 1 10 100 1000 10,000
(1.6) (16) (160) (1600) (16,000)
Mass Flow Rate

scfm &) (nm3/h) “)

Notes:

(1} For air and nitrogen at 20 °c temperature and 1 atmosphere (3} At base conditions of 21.1 %G temperature and 1 atmosphere

pressure.
(23 1 inch of water at 60 OF=0.0361 psi.
1 millibar = 0.001 bar = 100 pascal = (.0145 psi.

pressure.
(4y At base conditions of ¢ el temperature and 1 atmosphere
pressure.
(5} Built-m flow cenditioner consists of two separate perforated
plates in series.
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OPERATING SPECIFICATIONS (CONTINUED)

Gas & Ambient Temperature
Gl vy -40° F to 350° F (-40° Cto 177°C)
Ambient. ... .. -40° F t0 120° F (-40° C to 50° C}

Leak Integrity
5X 102 cc/sec of helium maximum

Power Requirements

18 to 30 VDC (regulated), 625 mA maximum

100 to 240 VAC, 50/60 Hz, 15 watts maximum

625 mA maximum operating currentat 24 VDC and full scale flow
Maximum in rush current of 2 Amps at 24 VDC

Output Signal
Linear 0-5VDC or 0-10 VDC, 1000 ohms minimum load resistance or
Linear 4-20 mA proportional to mass flow rate,
700 ohms maximum resistance power supply dependent
User-selectable:  Active non-galvanically separated or Passive
galvanically separated (loop power required)
See Digital Communications options below

Alarms

Hard contact user-adjustable high and low

Dead band adjustable with Smart Interface™ software

Relay ratings...... Maximum 400 VDC or VAC (peak), 140 mA

Displays
Alphanumeric 2 x 12 digit backlit LCD
Adjustable variables via on-board switches (password protected}
or with Smart Interface™ software
Adjustable variables Full scale {50 to 100 %}
Time Response {1 to 7 seconds)
Correction factor setting (0.5 to 5)
Zero and span

High and low alarm settings
Totalizer
Seven digits (9,999,999} in engineering units
Resettable by software, on-board switches or external magnet
Software
Smart Interface™ Windows *-based software
Minimum 8 MB of RAM, preferred 16 MB of RAM
RS-232 communication
Additional features Alarm dead band adjustment
Zero cut-off adjustment
Linearization adjustment
Save / Load configurations
Fully guided flow meter validation

DIGITAL COMMUNICATIONS OPTIONS

Pulse (1Hz max, not available with E2-NR}
Modbus RTU {not available with P3 option )

PHYSICAL SPECIFICATIONS

Wetted Materials
316L stainless steel
Carbon steel flow bodies available in some sizes

Enclosure

Hazardous-Area Location Enclosure (IP66) and NEMA 4X (IP&5) are
powder-coated cast aluminum

Electrical Connections
Two3/4inch NPT ...... Hazardous-Area Location Enclosure (IP66)
One1/2inch NPT....... NEMA 4X Enclosure (IP65)

Piping Requirements

Straight Pipe Length Requirements at 1 ATM

Piping Condition 730S FlatTrakTM Oriface Plate (3)
Upstream  Downstream

Sln.gIQQO ELbow or D on 28D
T-Piece
Reduction (4:1) 3D oD 14D
Expansion (4:1) 3D oD 30D
After Control Valve 3D oD 32D
Two 90° Elbows (In 30 oo 36D
Same Plane)
Two 90° Elbows
{Different Plane) 5D on gzp

Notes: (1) Number of diameters (D} of straight pipe required between upstream

disturbance and the flow meter.

(2) Number of diameters (D) of straight pipe required downstream of
the flow meter.

(3) For comparison purposes only, Table shows number of diameters (D) of
upstream straight pipe length required for an 150 Standard 5167 Orifice Plate with
@ Beta Ratio of 07,

(4) Consult factory for pressure effects.

Certifications

CE

CSA (Explosion proof for Class |, Division 1, Groups B, C, D)

FM {Explosion proof for Class |, Division 1, Groups B, C, D; dust-ignition
proof for Class II, lll, Division 1, Groups E, F, G}

IPG5, NEMA 4X T6 -40° C to 50° C ambient

PED optional

® Viton, Neoprene, Kalrez, and Teflon are registered trademarks of Duport. Windows and Excel are registered trademark of Microsoft,
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6 ORDERING THE 7805

I Features ] ‘ Option ‘

| 780s

Parent

1 2 3 4 5 6 i 1 2 3

Instructions: To order a 780S please fill in each number block by selecting the codes from the corresponding features below and following pages.

FlatTrak™ In-line Mass Flow Meter with Flow Conditioner. All 316 stainless steel construction. UHP 5-10 RA available. 18-30 VDC or 100-
780S 240VAC input power with 3/4-inch diam 31655 probe. Includes "Smart Electronics” with PC configuration software. Calibration tempera-
tures up to 350°F (176°C) and pressure to 500 psig (34.5 barg). CE, FM, CSA, approvals. Linear 0-5VDC or 4-20 mA output signals. Lifetime
warranty on non-UHP Fast Response (FR) sensor
Note: The following lists standard productipricing. Sierra will work with you for special requests. Please submit your requestusing the RFQ/Spedials tab in this price list.
NAA Non-agency approved meter
FM 7805 with FM approval. Requires E2 or E4 enclosure
CSA 780S with CSA approval. Requires E2 or E4 enclosure
N1 1/4-inch NPT Female 31655 F2 1/2-inch ANSI class 150 flange 316SS
N2 1/2-inch NPT Male 31653 F3 3/4-inch ANSI class 150 flange 316SS
N3 3/4-inch NPT Male 316SS F4 1-inch ANSI class 150 flange 31655
N4 1-inch NPT Male 316388 F5 1.5-inch ANSI class 150 flange 31655
N5 1.5-inch NPT Male 316SS F6 2-inch ANSI class 150 flange 31655
Né 2-inch NPT Male 31655 F7 3-inch ANSI class 150 flange 31683
N7 3-inch NPT Male 31655 F8 4-inch ANSI class 150 flange 31655
N8 4-inch NPT Male 31658 Fo 6-inch ANSI class 150 flange 31655
N9 6-inch NPT Male 31655 F10 8inch ANSI class 150 flange 31655
N10 8-inch NPT Male 316SS
FD6 DN50, PN16, DIN flange GD4 DN25, PN4Q, DIN flange
FD7 DN8O, PN16, DIN flange GD5 DN40, PN4Q, DIN flange
FD8 DN100, PN16, DIN flange GD6 DN50, PN4O, DIN flange
FD9 DN150, PN18, DIN flange GD7 DN&0, PN4Q, DIN flange
FD10 DN200, PN16, DIN flange GD8 DN100, PN40, DIN flange
GD9 DN150, PN4Q, DIN flange
GD10 DN200, PN4Q, DIN flange
Note: Carbon steel, Hastelloy®, PVC, and Kynar flow bodies are available,
Consult Factory for information.
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ORDERING THE 7805 {continued)

E2 Hazardous-area location enclosure (IP66) Mounted directly on probe
E3() Remote probe and flow body
10, 25, 50, 100 feet (select one) away from the probe
E41) Remote Hazardous-Area Location Enclosure {IP66) with Junction Box 10, 25, 50, 100 feet (select one) away from the probe with junction box
mounted on probe.
EN2 NEMA 4X (IP65) Enclosure. Mounted directly on probe.
EN4 () Remote NEMA 4X (IP65) Enclosure with Junction Box. 10, 25, 50, 100 feet (select one) away from the probe with junction box
mounted on probe.
P2 18-30VDC Vi 0-5VDC, linear
P3 100-240 VAC. Not available with EN enclosures. V3 0-10VDC, linear
v4 4-20 mA, linear
NR No Readout
DD Digital display. 2 x 12 digit, backlit, LCD display indicates flow rate and totalized mass in engineering units. Simplifies configuration settings
and provides system status information
DD-NRT Totalizer cannot be reset in the field.
0 Air Pulse Totalizer pulse output (Only available with E2/E3/E4 enclosures WITH DD.
Available on ALL EN2 Enclosures)
1 Argon
MB Modbus RTU with full device description (P2 only); FM approvals available
2 Carbon dioxide
3 Chlorine! Note: All except Pulse require DC power {P2).
4 Digester gas
5 Digester gas1
- MC Material certificates--US Mill certs on all wetted parts
6 Helium
PED Manufactured according to PED directive
7 Hydrogen
cc Certificate of conformance
Meth.
8 ° ane1 NACE NACE certificate for sour gas
9 MEtiaHE LT Leak test certificate
10 Nitrogen PT Pressure test certificate
" Oxygen1 Cco Stamped Certificate of Origin
12 Propane
13 Propane‘I
1 Atisnial 02 Cleaning. Meters up to 4 inches (DN100). Includes certification. Product
02C cleaned for 02 service. Inspected with Ultra-Violet light, double-bagged prior to
99 Other--Consult Factory Gas Table shipment, CERTIFICATION INCLUDED

ICorrelation calibration - consult Gas Table for accuracy.

Note: Consult factory for 02 Cleaning of meters over 4-inches (DN100)

Note:Consult Product Data Sheet for flow rate, pressure, and

temperature limits
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Appendix B Warranty Policy

Limited Warranty Policy- Register Online

All Sierra products are warranted to be free from defects in material and workmanship and will
be repaired or replaced at no charge to Buyer, provided return or rejection of product is made
within a reasonable period but no longer than one (1) year for calibration and non-calibration
defects, from date of delivery. To assure warranty service, customers must register their
products online on Sierra’s website. Online registration of all of your Sierra products is
required for our warranty process. Register now at www.sierrainstruments.com/register.

Lifetime Limited Warranty On Patented Drysense Sensor Technology

In addition to Sierra’s standard one (1) year manufacturing warranty on all instruments
produced, Sierra also offers a lifetime warranty on all DrySense™ sensors standard with Sierra
models 6408, 670S, 7808, 6401, and 7801 instruments sold after January 1, 2010. This warranty
does not extend to the Model 6208, the BoilerTrak™, the HT (High Temperature) 640S/780S
sensor or the 780S UHP (Ultra High Purity) sensors. Learn more about Sierra’s warranty
policy at www.sierrainstruments.com/warranty

IM-78S PN-G
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