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General Information

FR78B FAST RESPONSE FLOW SWITCH/MONITOR Installation, Operation and Maintenance Guide

Description

This document explains the operating principle of the Model FR78 Basic Low-Flow Switch/Monitor (see Figure 1).  The following
pages also present the recommended procedures for the installation, operation, maintenance, and troubleshooting of the Model FR78B.

The Model FR78B is an instrument that is capable of detecting liquid or gaseous environments.  The instrument has field adjustable
alarm set points for control of the media.

Flow Element

The operational part of the flow element consists of two Resistance Temperature Detectors (RTD's) and one low power heater.  The
heater is positioned adjacent to the Active RTD and will raise it's temperature above the process ambient while the other RTD
(Reference) will stabilize near the process temperature.  This arrangement produces a temperature differential between the two RTDs
that is measured and converted into an analog voltage signal.  The temperature differential is greatest when the media is not flowing
(no flow).  As the process media begins to flow, forced convection cools the Active RTD and reduces the temperature differential
between the two RTDs.

Control Circuit

The basic functions of the control circuit are to provide power to the flow element, measure the resistance differential (∆R) between the
two RTDs, condition the sensing point signals, and provide relay alarm contacts for customer uses.

A Double Pole Double Throw (DPDT) relay is available in the instrument for connections to the customer alarm systems.  The relay
outputs can be set to be either open or closed when the sensing point is at low or no flow and closed or open when the sensing point is
at high flow.

The place where the relays change state will vary depending on the type of media, as well as gas or liquid turbulence.  Therefore the
instrument has field adjustable alarm set points.

Figure 1 - FR78B Fast Response Flow Switch/Monitor
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Specifications

• Sensing/Flow Element Ranges
Water: 0.08 to 2.25 cc/sec
Oil: 0.05 to 25 cc/sec
Air: 4.0 to 1500cc/sec

• Adjustable Response Time
1 to 150 seconds

• Process Connection
1/4 inch x 2 inch (6.4 x 50mm) long tubing, .0028 (7mm) wall thickness, .53 inches (13.5mm) total length.  3/8 inch (9.5mm)
and 1/2 inch (12.7mm) tubing available.

• In-Line Sensor Assembly Body Length
5.3 inches (1.35mm); Customer specified body lengths available.

• Enclosure Classification
Standard:  No enclosure;  Optional control circuit enclosure is Feralloy epoxy coated and resists the effects of weather and
corrosion.  NEMA and CSA Type 4 (meets IP66)

• Sensing/Flow Element Operation Conditions
Temperature: -100 to 350°F (-73 to 176°C)
Pressure: To 1000 psig [69 bar (g)]
Repeatability: 1% of full scale range at constant process conditions

• Input Power
115 ±15 or 230 ±30 Vac 50/60 Hz; or 22 to 30 Vdc, 6 Watts

• Relay Contacts
DPTD, rating is 2 amps at 115 Vac and 24 Vdc or 1 amp at 230 Vac. Coil de-energized at no-flow (default) or de-energized
at flow (field selectable)

 • Material of Contstruction
All wetted surfaces are 316 series stainless steel with nickel braze per process specifications AMS 4777. Optional wetted
surface material customer specified

Installation

Receiving/Inspection

• Unpack carefully.

• Verify that all items in the packing list are received and are correct.

• Inspect all instruments for damage or contaminants prior to installation.

If the above three items are satisfactory, proceed with the installation.  If not, then stop and contact a customer service representative.

Packing/Shipping Returns

These issues are addressed in Appendix C - Customer Service

Factory Calibration Note

The instrument is factory calibrated to the flow range specified in the order.  There is no need to perform any verification or calibration
steps prior to installing and placing the instrument in service.
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Required Materials

Appropriate wire, cable, and conduit.

Note: Potting Y's for all the interconnecting wires are recommended when installing the instrument's control circuit
in an enclosure.  Other requirements may vary based on local wiring codes.

Pre-Installation Procedure

Warning: Only qualified personnel should install this instrument.  Install and follow safety procedures in accordance
with the current National Electrical Code.  Ensure that power is off during installation.  Any instances where
power is applied to the instrument will be noted in this manual.  Where the instructions call for the use of
electrical current, the operator assumes all responsibility for conformance to safety standards and practices.

Caution: Damage resulting from moisture penetration of the local or remote (optional) enclosure is not covered by
product warranty.

Verify Serial Numbers

Verify that the flow element serial number matches the control circuit serial number.

Verify Installation Location

Prepare the vessel for installation, or inspect the already prepared location to ensure that the instrument will fit into the system.
The location that should have been prepared at the time of order should be at least 20 pipe diameters downstream and 10 pipe
diameters upstream from any bends or interference in the process pipe or duct to achieve the greatest accuracy.

Flow Element Installation

Verify the correct orientation of the flow element. Install the flow element in-line with the process media flow. See the specifications
on page 2 for the various process connections available. See Appendix A, Figure 8, for the dimensions and orientation of the flow
element. Vertical mounting is as shown in Figure 8. Horizontal mounting is to have the flow arrow positioned up, or on top,  and in the
direction of flow.

Wiring Installation

Conduit Routing

All socket and/or terminal block connections are to be made through openings in the remote enclosure if used.  FCI strongly
recommends that all electrical cables be run through an appropriate conduit for the protection of the instrument and personnel if a
remote enclosure is used.

Protection of the control circuit from moisture is an important consideration.  Keep the entry of the conduit into the enclosure in
the downward direction so condensed moisture that collects in the conduit will not drain into the enclosure.  In addition, FCI
recommends sealing off the conduit with a potting Y or other sealing method to prevent moisture from entering the remote
enclosure if used.

Minimum Wire Size

Table 1 shows the smallest (maximum AWG number) copper wire that is to be used in the electrical cables for connecting the
instrument to the customer alarms and power.  Use a lower gauge of wire for less of a voltage drop.  Contact FCI concerning
greater distances than those listed in the table.

Table 1 - Interconnecting Cable Size (AWG)

Maximum Distance for AWG 

Connection 10 ft. 
(3m) 

50 ft. 
(15m) 

100 ft. 
(31m) 

250 ft. 
(76m) 

500 ft. 
(152m) 

1000 ft. 
(305m) 

Input Power 22 22 22 20 18 16 

Relay 24 22 20 16 12 10 
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Cable Connections

Caution: In order to prevent circuit or component damage, remove the control circuit from the remote enclosure (if
present) prior to the pulling of conduit wire.

Note: The installation of an AC line switch between the AC power source and the instrument is recommended.
This facilitates easy power disconnection and is an added safety feature.

Unplug the control circuit from it's socket by pulling up on the transformer in the center of the circuit.  Then connect the relay outputs
to the customer alarms.  Also connect the power to the instrument power input.  See Appendix A for the appropriate connection
information.

Replace the control circuit.  Be sure any customer supplied gaskets, O-rings, seals or washers are correctly installed to prevent
moisture from getting on the control circuit.

Operation
Factory Calibrations

The instrument is delivered in its standard factory set point form unless a custom factory calibration was specified.  The standard
factory setting is mid-range between no flow and full flow.  (See Figure 2.)

If the order included custom factory calibration and alarm set point, keep all settings unchanged.  The instrument is ready for service
without changes.

Field Calibrations for Flow Applications

If the factory calibrations were not ordered then follow one of the procedures below based on the particular instrument purchased.  If
precise measurement is desired, FCI recommends that a FM71 Monitor/Calibrator be used.  Then the precise measurement of the
signal voltage versus flow rate can be calculated for the alarm set points.

Alarm Set Point Adjustments By Observation or By Measurement

Alarm set points can be adjusted by observation or by precision measurements.  The following  procedure is adjustment by
observation.  If adjustment by measurement is desired, obtain an FCI FM71 Calibrator/monitor and follow the instructions found in the
FM71 manual.

Alarm 1 Set Point Procedure for 5181 Control Circuit

1. Flow the pipeline at the desired rate of flow.

2. Apply power to the instrument and allow 15 minutes for the sensing element to become active and stabilize.

3. Locate the potentiometer (R5) and the red LED on the control circuit.  (See Figure 3.)

4. Choose A or B.

A.  Detecting No Flow or Decreasing Flow Rate

If the LED is off, turn the potentiometer clockwise until the LED turns on.  If the LED is on, turn the potentiometer
counterclockwise until the LED turns off, then turn the potentiometer clockwise until the LED just turns on.  With the LED
on, turn the potentiometer slowly counterclockwise until the LED just turns off.  Turn the potentiometer one-half turn past the
point at which the LED just turns off.  Be aware that the potentiometer may have up to one quarter turn of hysteresis.  If the
mark is overshot, the procedure should be repeated.  (See Figure 2.)

B.  Detecting Maximum Flow or Increasing Flow Rate

If the LED is on, turn the potentiometer counterclockwise until the LED turns off.  If the LED is off, turn the potentiometer
clockwise until the LED turns on, then turn the potentiometer counter clockwise until the LED just turns off.  With the LED
off, turn the potentiometer slowly, clockwise until the LED just turns on.  Turn the potentiometer one-half turn past the point
at which the LED just turns on.  Be aware that the potentiometer may have up to one quarter turn of hysteresis.  If the mark is
overshot, the procedure should be repeated.  (See Figure 2.)
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Figure 2 - Setting Alarm Switch Point

Figure 3 - Control Circuit 5181 Outline Drawing

Creating a Calibration Curve Using an FM71 Calibrator

1. Apply power to the instrument and establish a constant flow rate in the pipe for the first data point to be taken.  Let the
instrument stabilize for 10 minutes.

2. Attach an FM71 meter to the control circuit.  Dial in the balance number found near the edge of the control circuit.  The read out
/calib. switch should be in the read out position.  Record the flow rate versus the meter readout.

3. Repeat steps 1 and 2 at different flow rates.  Record enough flow points to be able to make a millivolt versus flow curve.

To set a switch point, use the instructions that come in the FM71 manual.
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Maintenance
The instrument requires very little maintenance.  There are no moving parts or mechanical parts subject to wear.

Warning: To avoid hazards to personnel, ensure that any environmental isolation seals are properly maintained.

Without detailed knowledge of the environmental parameters of the application, surroundings, and process media, FCI cannot make
specific recommendations for periodic inspection, cleaning, or testing procedures.  However, some suggested general guidelines for
maintenance steps are offered below.  Use operating experience to establish the frequency of each type of maintenance.

Alarm Set Point Verification

Periodically verify the alarm set point.

Enclosure (If Present)

Periodically verify that the moisture barriers and seals of the remote enclosures are adequate and that no moisture is entering the
enclosure.

Electrical Wiring

Periodically inspect the power, flow element, and output wiring for signs of corrosion or deterioration.

Electrical Connections

Periodically inspect wire connections on the socket.  Verify that terminal connections are tight and physically sound with no sign of
corrosion.

Process Connection

Periodically verify that all seals are performing properly and that there is no leakage of the process media.  Check for deterioration of
the gaskets and environmental seals used.

Troubleshooting

Warning: Only qualified personnel should attempt to test this instrument.  The operator assumes all responsibilities for
safe practices while troubleshooting.

Tools Needed

Digital Multimeter (DMM)

Quick Check

• Check the jumper positions of J12 and J13.  If present, check the jumper positions of J16 and J17.  Jumper J12 and J17 energize
the relay(s) at flow or wet.  Jumpers J13 and J16 energize the relay(s) at no flow.

• Check that the control circuit is firmly seated into it’s socket.

• Check if power is present and customer fuses are good, if they are used.

• Follow the trouble shooting flow chart in Figure 4 near the end of this section.
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