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Manual Print History

The print history shown below lists the printing dates of all revisions and addenda created for this
manual. The revision level letter increases alphabetically as the manual undergoes subsequent
updates. Addenda, which are released between revisions, contain important change information that
the user should incorporate immediately into the manual. Addenda are numbered sequentially.
When a new revision is created, all addenda associated with the previous revision of the manual are
incorporated into the new revision of the manual. Each new revision includes a revised copy of this
print history page.

Revision A (Document Number 143-042000) .....cccuereeieiereeinieeeeieieeessireesseeeeessaneeenns April 2000
Revision B (Document Number 143-102002) ......ccuueieiiiieieeiiieaeeiiieee e October 2002
Revision C (Document Number 143-082005) ........uuveeiiieieaiiiiie e sieiee e August 2005

Visit www.teledyne-hi.com for WEEE disposal guidance.

Hastings Instruments reserves the right to change or modify the design of its equipment without
any obligation to provide notification of change or intent to change.
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SECTION 1
General Information

The Hastings Mass Flowmeter, HFM-60 is designed to accurately measure mass flow up to 70
slpm with an accuracy of better than 3%. Hastings mass flow instruments do not require any
periodic maintenance under normal operating conditions with clean gases. No damage will occur
from the use of moderate overpressures (~150 psi) or overflows. Calibrations for other gases, such
as oxygen, helium and argon, are available upon special order. Instruments are normally calibrated
with the appropriate standard calibration gas (nitrogen) then a correction factor is used to adjust the
output for the intended gas.

1.1 Features

L4 The HFM-60 is intrinsically linear. Should recalibration (a calibration standard is
required) in the field be desired, the customer needs to simply set the zero and
span points.

° The HFM-60 incorporates a removable/replaceable main PC board/sensor module
which virtually eliminates long down time due to clogging. Clogging is the most
common cause of failure in the industry. The HFM-60 sensor is less likely to be
clogged due to the large internal diameter (0.0207).

° Each flowmeter has a shunt which can be quickly and easily exchanged in the field
to different ranges. Calibration, however, is required.

L4 The filters located upstream of the shunt and sensor eliminate most of the larger
particulates and impurities which tend to clog the sensor tube.

L4 The HFM-60 is available in ranges from 0-10 sccm to 0-60 slpm (air equivalent
flow). Special ranges are available upon request.

L4 The HFM-60 is constructed of 6061-T6 aluminum alloy. Buna-N is standard for the
O-rings and seals. Other elastomers are available upon request, e.g., Kalrez, Viton.

L4 The temperature coefficient of the HFM-60 is less than 0.1%/°C from 0-50°C.

L4 The 4-20 mA option gives the user the advantages of a current loop output to
minimize environmental noise pickup.

L4 The optional 0-90° tiltable digital display allows convenient real time indication of the
flow rate.

L4 The low pressure drop across this instrument is ideal for leak detection applications.

page 5
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1.2

Specifications

F ool B | -1 PSP O PP PT TP RTTOPPPPPP <+3% ES.

REPEAtADIIILY ... ..eeiiiiiii e +0.2% of E.S.(typical)
+0.4% of ES. (max.)

IMAXIMUNM PIESSUIE .vtvieeeeetieeestteeeessteeeeasteeaesnsaeeesassaeaessseeeeansaeeeesnsaneeasnseeeeansnneesnnsnnnesnns 150 psi.
Pressure COBTICIENT .......iiiiii et e e e e e nneees 0.01%l/psi (N,)
Operating tEMPEIALUIE .........cceiiiiiie et e e e et e e ee e eeeeas 0-50°C in non-condensing
environment

Temperature COEffiCIENt (ZEr0) ......ceoiiiiiiiiiiie e +1000 ppm/°C, typical
(2000 ppm/°C, max)

Temperature COEfICIENT (SPAN) ....vvvvee it +500 ppm/°C, typical
(1000 ppm/°C, max)

=1 (=T R 1x10° std. ccls.
Standard FIOW FaNgES ......ccvvvee e e srae e 10, 20, 50, 100, 200, 500 sccm.

1,2,5,10, 20, 40, 70 slpm.

SEANAAIT OULPUL ...ttt e e ettt e e s anb e e e s nbe e e e s nbe e e e annaeeeas 0-5VDC.
(@] o] 1 o] gt=1 @ 11 1 01U | SRR PRPUPPRTPPRRN 4 -20 mA.
POWET .ottt +15to +25VDC, <60 mA (0 - 5VDC output).

+15to +25VDC, <80 mA (4-20 mA output).

Wetted MaterialS ........cooivereeiiiie e 6061 Al, 304L stainless steel, nylon,
Buna N, Monel 400, Pb40Sn solder,
(Cu30Zn brass in 40 to 60 slpm units,

and epoxy in 10 to 200 sccm units)
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1.3  Optional 4-20 mA Current Output

An option to the standard 0-5VDC output is the 4-20 mA current output that is proportional to
flow. The 4 - 20 mA signal is produced from the 0 - 5VDC output of the flowmeter. The current
loop output is useful for remote applications where pickup noise could substantially affect the
stability of the voltage output. The load impedance should be between 0 and 400 Q.

1.4  Digital Display (0-90° Tiltable)

1.4.1 Local Display

For real time indication of the flow rate, a very useful option available is a 3.5 digit LCD digital
display module mounted directly on top of the flowmeter case. The display can be rotated 90°
from the horizontal position to the fully vertical for better visibility. The LCD digits are large and
clear and can be easily discerned at distances of 20 feet.

1.4.2 Remote Display

The tiltable display module may be removed from the flowmeter case and mounted at any distance
away from the flowmeter body to permit convenient observation. Standard lengths of 7', 15'and
25' cable (also special orders of any desired length) are available.

1.5 Wall Transformer Power Supply

The input voltage required for operation of the flowmeter is +15 to +25VDC, at a maximum of
60 mA (80 mA for the 4-20 mA output option). A 115VAC wall power supply rectified to +18.5
VDC is available as a power supply option. The wall power supply comes with a 6' length of 2
conductor cable which can be connected directly to the HFM-60 connector.

1.6 Other Accessories

1.6.1 Totalizer (ATR-1J)

The Hastings Flow Totalizer integrates the 0-5VDC signal generated by the flowmeter to give a
total flow reading. Count rates from 0 to 999 counts per minute are selectable by internal setting.

1.6.2 Hastings Model 400/200/40/10 Power Supply

Hastings power supplies (other than the aforementioned wall transformer) are available in either
one, two or four channel versions. They convert 115 or 230VAC to the +15VDC required to
operate the flowmeter. Interface terminals for the +15VDC input and the 0-5VDC linear output
signal are located on the rear of the panel. Also, a cable can be supplied with the power supply that
provides the +15VDC on pin 11 of a“D” connector and the 0 - 5VDC output measurement on
pin 6. Pins5and 12 are common and pin 7 is chassis ground. Throughout this manual, when
reference is made to a power supply, it is assumed the customer is using a Hastings wall power
supply or a Model 200/400/40/10 supply.

page 7
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SECTION 2

Installation

This section contains the necessary steps to assist in getting a new flowmeter in operation as quickly
and easily as possible. Please read the following thoroughly before attempting to install the instru-
ment.

WARNING

The customer should determine if their process gas is compatible with
the wetted materials of the flowmeter as specified in section 1.2. Some
corrosivegases may damage the flowmeter materials and elastomer
O-ring. This could result in incorrect flow measurement, or leakage over
time.

2.1 Receiving and Inspection

Carefully unpack the Hastings HFM-60 and any accessories that have also been ordered. Inspect
for any obvious signs of damage to the shipment. Immediately advise the carrier who delivered the
shipment if any damage is suspected. Check each component shipped with the packing list. Insure
that all parts are present (i.e., flowmeter, wall transformer power supply, cables, etc.). Optional
equipment or accessories will be listed separately on the packing list. There may also be one or
more OPT-options on the packing list. These normally refer to special ranges or special gas
calibrations. They may also refer to special helium leak tests, high pressure tests or special modifi-
cations such as high temperature O-ring materials. In most cases, these are not separate parts, but
special options or modifications built into the flowmeter.

2.2  Power Requirements

The HFM-60 requires +15 to+25VDC, 60mA (0 - 5VDC output); 80mA (4 -20mA output). The
supply voltage should be regulated such that there is no more than 50 mV ripple. Surge suppres-
sors are recommended to prevent power spikes reaching the instrument. These power require-
ments are satisfied by the Hastings wall transformer or by the Hastings wall power supply described
in Section 1.6.1 or 1.6.2.

2.3 Output Signal

The standard output of the flowmeter is a 0-5VDC signal proportional to the flow rate. The input
power is applied at pins 1 (+15 to+25VDC) and 2 (ground). The output is obtained on pins 3 (0 to
+5VDC) and 4 (common) of the 4 pin connector. It is recommended that the load resistance be
no less that 2 kQ2. When the 4-20 mA option (see Section 1.3) is selected the output is also on pins
3 and 4. The load impedance must be no greater than 400 Q.

2.4 Mechanical Connections

The flowmeter may be mounted in any position as long as the direction of gas flow through the
instrument follows the arrow marked on the bottom of the flowmeter case label. The preferred
orientation is with the inlet and outlet fittings in a horizontal plane. Changing the mounting
orientation requires re-zeroing of the instrument at zero flow.

The smallest of the internal passageways in the HFM-60 is the diameter of the sensor tube, which
is 0.020 and the annular clearance for the 500 sccm shunt which is 0.009", so the instrument
requires adequate filtering of the gas supply to prevent blockage or clogging of the tube. The
screen diffusers assist in filtering to some extent where the filter mesh is as small as 0.010".

page 9

Download from Www.Somanuals.com. All Manuals Search And Download.



page 10

There is a threaded hole in the bottom of the transducer that can be used to secure it to a mount-
ing bracket, if desired. Other holes for special mounting can be added to the end cap as desired.

The standard inlet and outlet fittings for the HFM-60 are 1/4" NPT to 1/4" Swagelok (optional
VCR and VVCO fittings are available from the factory). The O-rings for the end cap and the sensor
are Buna N (optional Kalrez, Neoprene orViton O-rings are available from the factory). Itis
suggested that all connections be checked for leaks after installation. This can be done by pressuriz-
ing the instrument (do not exceed 150 psig unless the flowmeter is specifically rated for higher
pressures) and applying a diluted soap solution to the flow connections.

Electrical Connections

If awall transformer power supply from Hastings Instruments is used, installation consists of
connecting the 4 conductor cable to the 4 pin connector located on the side of the flowmeter. The
power is supplied to the instrument on pin 1, +15 to +25VDC, and pin 2, ground. The output is
measured on pin 3,0 - 5VDC or 4-20 mA and pin 4, ground. If a Hastings Model 400/200/40/10
power supply is used, installation consists of connecting a 4 conductor cable to the terminal strip on
the rear of the supply to the 4 pin connector located on the side of the flowmeter (similar to that
described above). Also, a cable with a male “D” connector can be supplied that mates with the
power supply. The “D” connector cable provides +15VDC on pin 11 and the 0-5VDC output on
pin 6. Pins 5 and 12 are common and pin 7 is chassis ground.

Operation

The standard instrument output isa 0 - 5VDC out and the signal is proportional to the flow i.e., 0
volts = zero flow and 5 volts = 100% of rated flow. The low noise 4 - 20 mA option is also
proportional to flow (4 mA = zero flow and 20 mA = 100% of rated flow).

2.6.1 Operating Temperature

For proper operation, the combination of ambient temperature and gas temperature must be such
that the flowmeter temperature remains between 0 and 50°C. Most accurate measurement of flow
will be obtained if the flowmeter is zeroed at operating temperature as temperature shifts result in
some zero offset.

2.6.2 Zero Check

Connect the wall transformer power supply to the instrument or if using a Hastings power supply,
turn the power supply on. Allow approximately 10% flow for 1/2 hour warm-up. Stop all flow
through the instrument and wait 2 minutes. Caution: Do not assume that all metering valves
completely shut off the flow. Even a slight leakage will cause an indication on the meter and an
apparent zero shift. For the standard 0-5VDC output, adjust the zero potentiometer located on the
lower outlet side of the flowmeter until the meter indicates zero. For the optional 4-20 mA output,
adjust the zero potentiometer so that the meter indicates slightly more than 4 mA, i.e. 4.03 to 4.05
mA. This slight positive adjustment ensures that the 4-20 mA current loop transmitter is not in its
cut-off region. The error induced by this adjustment is approximatly 0.3% of full scale. This zero
should be checked periodically during normal operation. Zero adjustment is required if there isa
change in ambient temperature, vertical orientation of the flowmeter, or a change in input voltage.

2.6.3 Blending of Gases

If more than one flowmeter is used to mix gases and each is calibrated for a given gas, a desired
mixture of the gases can be achieved. As an example, suppose a total flow rate of 50 slpm of gases
A+B+C is required; 15% of the total flow should be gas B, 20% of the total flow should be gas C
and the balance is gas A. Then gas A should have a total flow of 0.65 (50) = 32.5 splm, gas B
should have a total flow of 0.15(50) = 7.5 splm and gas C should have a total flow of 0.20(50) =
10 splm. Further, let us say that flowmeter A has a 0-60 slpm range, flowmeter B has a 10 slpm
range and flowmeter C has a 40 slpm range. Since all 3 flowmeters have 0-5VDC out then
flowmeter A should be set to read 5/60 = A/32.5 or A = 2.71volts, flowmeter B should be set to
read5/10 = B/7.5 or B = 3.75 volts and flowmeter C should be set to read 5/40 = C/10 or C =
1.25 volt. Ideally, however, flow controllers are a far better way to accomplish the blending, simply
because there are no problems with pressure fluctuations.
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2.6.4 Range Changes:

The range of the flowmeter can be changed in the field if recalibration facilities are available. The
flowmeter may require a different shunt which can be purchased from the factory. A listing of
available shunts (order codes) and the corresponding air equivalent flow ranges are as follows:

Order Code Shunt Range Order Code Shunt Range

01 0-10sccm 07 0-1slpm

02 0-20sccm 08 0-2slpm

03 0-50sccm 09 0-5slpm

04 0-100sccm 10 0-10slpm

05 0-200sccm 11 0-20slpm

06 0-500 sccm 12 0-40slpm
13 0-70slpm

Gases other than air or nitrogen have different properties, and the range of each shunt will be
different than those listed in the order codes above.

The flow rate of interest determines the size of the shunt required. As previously indicated, 13
separate shunts are required for the range of flow spanning 10 sccm to 70 slpm full scale. For the
200 sccm flow range, four Monel 400 tubes of 0.027" i.d. are located within the aluminum shunt
plug to accommodate the full 200 sccm. Lower flow rates require proportionally fewer tubes and
the unused holes are sealed with epoxy (or selected eutectic solder if epoxy is undesired). A single
304L stainless steel plug with an annular spacing of 0.009" with the base accommodates the 500
sccm flow range. Increasing the flow requires more annular passageways which is accomplished by
adding concentric cylinder shells with increasing gap dimensions. Eventually, a maximum annular
gap dimension for laminar flow is obtained (~0.030"). For a maximum flow rate of 60 slpm, three
annular regions using two brass concentric cylinders is required. To change ranges, a new shunt
must be installed and a calibration conducted to do further measurements.

2.6.5 Spanning the Digital Display

An exchange of shunt requires resetting of the digital display. Ideally, the flow should be estab-
lished to the full scale level consistent with the selected shunt and the display pot adjusted for that
full scale flow rate. It is also possible to disconnect the phone jack connector to the main body and
input 5.00VDC and set the display consistent with the particular full scale flow for the selected
shunt. Verify the full scale voltage/current output and adjust the display pot for that full scale flow
rate. Itis also possible to disconnect the phone jack between the display and flowmeter, and supply
external power (+5VDC) and a full scale voltage (0-5VDC) to the display. Refer to the schemat-
ics of PCB-846 in section 6 of this manual. The display may then be adjusted consistent with the
particular full scale flow for the selected shunt. Note that there may be need to change the display
board solder jumpers in order to exhibit the new full scale flow rate.

Largest Display Value Jumper Setting
1999. All jumpers open
199.9 JP 1 closed
19.99 JP 2 closed
1.999 JP 3 closed

Download from Www.Somanuals.com. All Manuals Search And Download.
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SECTION 3

Theory of Operation

This section contains an overall functional description of the HFM-60. Detailed schematics and
parts lists can be found at the end of the manual in Section 5.0. In this section and other sections
throughout this manual, itis assumed that the customer is using the wall transformer power supply
supplied by Hastings or a Hastings Power Supply.

3.1  Overall Functional Description

The HFM-60 consists of a sensor, a base, shunt and electronic circuitry. The sensor measures the
gas flow rate from 0 to 10 sccm. The shunt divides the flow such that the flow through the sensor
is a precise percentage of the flow through the shunt. The flow through both the sensor and shunt
is laminar. The circuit board amplifies the sensor output from the two Chromel P thermocouples
and and provides an analog output of either 0-5VDC or 4-20 mA. The output can also be
indicated on the digital display.

3.2 Sensor

The Hastings HFM-60 operates on a unique thermal electric principle whereby a metallic capillary
tube is heated uniformly by a resistance winding attached at the center of the capillary (see figure
3.1). Thermocouples TC-1 and TC-2 are positioned on each side of the heater coil and are welded
at equal distances from the mid-point of the capillary. At zero flow, the TC outputs are equal.
When flow occurs through the tubing, heat is transferred from the heated region to the gas and
from the gas back to the cool wall downstream. Thermocouple TC-1 measures the temperature
upstream before the gas is heated and thermocouple TC-2 measures the gas temperature down-
stream after it is heated. During flow, the temperature distribution along the sensor tube becomes
skewed (see figure 3.2). Conventionally, the difference in temperature of the two thermocouples
provides a voltage difference that is proportional to flow.

Heater (VDC Source)
TC-2

O-ring
PC Board Nylon
Spacer

figure 3.1

For a constant power input, the differential voltage is a function of the mass flow rate and the heat
capacity of the gas. Since the heat capacity of many gases is relatively constant over wide ranges
of temperature and pressure, the flowmeter may be calibrated directly in mass units for those gases.
Changes in gas composition usually require application of a multiplication factor to the air calibra-
tion to account for the difference in heat capacity. The flowmeter is capable of measuring a wide
range of gases. The Monel 400 sensor tube has an internal diameter of 0.0205" and is heated by
600W of MWS-800 wire. This diameter allows approximately 10 sccm full scale flow with Ap of
0.5 inches of H,O. The sensor is encapsulated by a plastic cover and filled with fiberglass insulation
to minimize convective heat losses.
page 13
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Temperature of
tube

TC-1 TC-2

l
L/2 0 L/2

Length of tube

figure 3.2

Base

The 6061 aluminum alloy base has a 1" square cross-section and is 3.375" long (with end cap).
The internal flow channel is 0.812" diameter with in and out 304L stainless steel fittings 1/4" NPT
to 1/4" Swagelok fittings.

Shunt

The flow rate of interest determines the size of the shunt required. As previously indicated, 13
separate shunts are required for the range of flow spanning 10 sccm to 70 slpm full scale. The
geometry of the shunt for 0- 200 sccm is shown in figure 3.3(a). Four Monel 400 tubes of 0.027"
i.d. are located within the aluminum plug to accommaodate the full 200 sccm. Lower flow rates
require proportionally fewer tubes and the unused holes are sealed with epoxy (or selected eutectic
solder if epoxy is undesired). At the lowest flow rate (10 sccm), the shunt is completely blocked and
all of the flow is routed through the sensor. Figure 3.3(b) shows the geometry for higher flow rates.
Assingle 304L stainless steel plug with an annular spacing of 0.009" accommaodates the 500 sccm flow
range. Increasing the flow requires more annular passageways which is accomplished by adding
concentric cylinder shells with increasing gap dimensions. Eventually, a maximum annular gap
dimension for laminar flow is obtained (~0.030"). For a maximum flow rate of 70 slpm, three
annular regions using two brass concentric cylinders is required. This patent pending shunt technol-
ogy also includes inboard sensor ports which ensure laminar flow without the turbulence associated
with end effects. This unique flow geometry provides an exceedingly linear shunt.

A schematic diagram of the integral flowmeter (without the digital display module) employing a 70 slpm
shuntis shown in figure 3.4. Note the inboard location of the sensors inlet and outlet with respect to
the inlet and outlet of the shunt. Also note the screen disk and washer which are used to minimize the
radial velocity gradient entering the shunt. This results in a more uniform flow velocity profile and
therefore, more uniform flow in the annular passages of the shunt.
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3.5 Electronic Circuitry

The HFM-60 employs a thermal flow sensor (capillary tube described in section 3.2) to measure
the flow which is proportional to the total flow through the instrument. The sensor develops a
differential voltage output signal proportional to flow which is approximately 1 mV full scale
magnitude. A differential amplifier and an inverting amplifier boost the signal strength by a factor
of ~5000 at full scale flow. The amplified output can be measured on pins 3 and 4 of the external
connector. Ifa Hastings power supply is employed, the 5 volt output is also sent to the terminals
on the back and to the decoding circuitry in the display which converts it to a 3 and 1/2 digit
output. An optional 4-20 mA analog output on pins 3 and 4 is also available in lieu of an output
voltage. The addition of a 4-20 mA current loop transmitter on the secondary pc board (mounted
parallel to the main pc board) is required to provide this current loop. A jumper change is made on
the main PC board to establish the selected output mode. The digital display option includes the
tiltable LCD display module which is removable for remote display. This separate module contains
its own pc board and mounts directly on the top of the main cover. This local or remote digital
unit provides a continual digital display in addition to the 0-5VDC or 4-20 mA output. A standard
4 conductor phone jack and cable is used to connect the display module to the main pc board. The
circuit diagrams for the aforementioned functions are presented in Section 6.

This section contains service and calibration information. Some portions of the instrument are
delicate. Use extreme care when servicing the instrument. The potentiometer positions and the
electrical components referred to in the troubleshooting section can be found in Section 4.3 on the
electrical component layout drawing.

Z > LL Z

1 I N

| &%\\\! Nﬁ\\i '

shunt plug o '

(60 slm shown)

flow

— | -

S

~

77 7 <X

I
end cap —/ \ _ x \
fine base shunt
coarse

o Y ARSI TR IO IR T AR TH A0

b
b
U )

O-ring screen tubes

spacer
screen

figure 3.4
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SECTION 4
Maintenance

4.1 Authorized Maintenance

With proper care in installation and use, the flowmeter will require little or no maintenance. If
maintenance does become necessary, most of the instrument can be cleaned or repaired in the field.
Some procedures may require recalibration. Do not attempt these procedures unless facilities are
available. Entry into the sensor or tampering with the printed circuit board will void warranty. Do
not perform repairs on these assemblies while the unit is still under warranty.

4.2  Troubleshooting
Symptom: Output reads strong indication of flow with no flow present. Zero pot has no effect.
Cause: Power shorted out.

Action: Unplug power supply for a few seconds, then plug it back in. If this is ineffective,
disconnect the power supply from the unit and check the power supply voltage
(+15to +25 VDC on pin 1).

Symptom: Output of flowmeter is proportional to flow, but extremely small and not correctable

by span pot.
Cause: Sensor is not being heated.
Action: Shut off gas supply and disconnect the power to the flowmeter. Remove cover and pc

board from unit. Check the resistance between w1 and w2 on PCB-844 (refer to
figures in section 6) of the flowmeter. The resistance should be approximately 560 W.
The resistance between w3 and w4 should be approximately 2-3W. If not, the
sensor unit needs to be replaced.

Symptom: Sensor has proper resistance readings, but little or no output with flow.
Cause: Plugged sensor.

Action: Shut off gas supply and disconnect the power to the flowmeter. Remove cover and pc
board from unit. If sensor has evidence of clogging, clean or replace as applicable.

Symptom: Flowmeter reads other than 0.00VDC with no flow or there is a small flow when the
flowmeter reads 0.00VDC.

Cause: Zero pot is out of adjustment.

Action: Shut off all flow. For the standard 0-5VDC output, adjust the zero potentiometer
located on the lower outlet side of the flowmeter until the meter indicates zero. For
the optional 4-20 mA output, adjust the zero potentiometer so that the meter
indicates slightly more than 4 mA, i.e. 4.03 to 4.05 mA. This slight positive
adjustment ensures that the 4-20 mA transmitter is not in its cut-off region. The
error induced by this adjustment is approximately 0.3% of full scale.

Symptom: Flowmeter is out of calibration and non-linear.
Cause: Leaks in the gas inlet or outlet fittings.

Action: Check all fittings for leaks by placing soap solution on all fittings between gas supply and
final destination of gas. Check flowmeter for leaks. Replace “O”’-rings if required or
recalibrate as necessary. page 17
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4.3

Adjustments

Calibration Procedure (See figure 4.1)

1.

Connect power to pins 1 and 2 as specified in Section 2.5. Allow the instrument to warm up
for 30 minutes with 10% flow.

Completely shut off the flow and wait for 2 minutes. For the standard 0-5VDC output,
adjust the zero potentiometer located on the lower outlet side of the flowmeter until the
meter indicates zero. For the optional 4-20 mA output, adjust the zero potentiometer so that
the meter indicates slightly more than 4 mA, i.e. 4.03 to 4.05 mA. This slight positive
adjustment ensures that the 4-20 mA transmitter is not in its cut-off region. The error
induced by this adjustment is approximately 0.3% of full scale.

Turn on gas supply to inlet of instrument and insure the flow rate is an accurate maximum
flow for the shunt employed. Ensure that the full range can still be obtained at minimum
inlet pressure.

Adjust Span pot until the flow reference reads full scale (5.00VDC or 20 mA). Perform this
step only if a calibrated reference flowmeter is available.

Adjust the span pot of the display so that it reads correct full scale flow.

Record flowmeter and flow reference outputs for flow rates of 20%, 40%, 60%, 80% and
100% and make sure data are within = 3% of full scale.

flow

figure 4.1
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4.4 End Cap Removal

The end cap on the inlet side must be removed to gain access to the filter and shunt assembly.

First remove power and shut off the supply of gas to the instrument. Disconnect the Swagelok
fittings on the inlet and outlet sides of the transducer and remove it from the system plumbing.
Remove the two Allen head screws holding the end cap to the instrument (see figure 4.2). Care-
fully remove the end cap, retaining ring, filter, spacer, filter washer and ball bearing (if present) and
shunt, noting their order and proper orientation. The shunt can be severely damaged if dropped.
Examine the filter and shunt. If either is damaged, dirty or blocked, clean and replace as applicable.
Reassemble in the reverse order of disassembly. Secure the endcap with 4 in Ib of torque on each
18-8 stainless steel socket head cap screw. Use of a fastener other than the one mentioned here
may result in leakage at the seal. Recalibration of the HFM-60 is necessary.

60 slm

40 slm

YA Y AN A

/

~d
10 sccm to 200 sccm

figure 4.2

page 19
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4.5 Printed Circuit Board Replacement

In the event that any of the PC boards fail, they are easily removed from the instrument and
replaced with a spare. This ease in disassembly and replacement substantially reduces instrument
downtime.

1. Replacement of the 4-20 mA option PC board: Unplug the power cable from the transducer.
If a digital display exists, unplug the phone jack connection and remove the flowmeter cover.
Remove the 4 brass spacers and lift off the 4-20 mA board. Be careful not to damage the
main board and 4-20 mA board connector.

2. Replacement of the main PC board: Continue from 1. Remove the 4 brass spacers from the
main board and gently lift the board from the flowmeter base. When installing the replacement
board, insure that the brass spacers are uniformly and securely tightened (finger tight) since the
compression seals the “O”-rings on the base, PC board and the sensor tube which, in turn,
maintains the integrity of the flow in the sensor.

4.6  Sensor Replacement

The sensor is an intimate part of the main PC board and can not be separately removed from the
main board without great difficulty. Therefore, sensor replacement requires the replacement of the
entire main board. Follow instructions for removing the main board as shown in Section 4.5 and
consult Section 5 to acquire a new main board/sensor unit.

page 20
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SECTION 5

Warranty and Repair

5.1Warranty Repair Policy

Hastings Instruments warrants this product for a period of one year from the date of shipment to be free
from defects in material and workmanship. This warranty does not apply to defects or failures resulting from
unauthorized modification, misuse or mishandling of the product. This warranty does not apply to batteries
or other expendable parts, nor to damage caused by leaking batteries or any similar occurrence. This
warranty does not apply to any instrument which has had a tamper seal removed or broken.

This warranty is in lieu of all other warranties, expressed or implied, including any implied warranty as to
fitness for a particular use. Hastings Instruments shall not be liable for any indirect or consequential
damages.

Hastings Instruments, will, at its option, repair, replace or refund the selling price of the product if Hastings
Instruments determines, in good faith, that it is defective in materials or workmanship during the warranty
period. Defective instruments should be returned to Hastings Instruments, shipment prepaid, together
with a written statement of the problem and a Return Material Authorization (RMA) number. Please consult
the factory for your RMA number before returning any product for repair. Collect freight will not be

accepted.

5.2 Non-Warranty Repair Policy

Any product returned for a non-warranty repair must be accompanied by a purchase order, RMA form and
a written description of the problem with the instrument. If the repair cost is higher, you will be contacted
for authorization before we proceed with any repairs. 1f you then choose not to have the product repaired, a
minimum will be charged to cover the processing and inspection. Please consult the factory for your RMA

number before returning any product repair.

TELEDYNE HASTINGS INSTRUMENTS
804 NEWCOMBE AVENUE

HAMPTON, VIRGINIA 23669 U.S.A.
ATTENTION: REPAIR DEPARTMENT

TELEPHONE (757) 723-6531
1-800-950-2468
FAX (757) 723-3925
EMAIL hastings_instruments@teledyne.com

INTERNET ADDRESS  htip.//ywwhv.hastings-instcom

Repair Forms may be obtained from the “Information Request” section of the
Hastings Instruments web site.
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SECTION 6

Diagrams and Drawings

page 23

Download from Www.Somanuals.com. All Manuals Search And Download.



12121¢ A R I T
INON /6/1 waTwey AVHOVIA ATENISSY INAGI 3L
A3y “ON 'OMa VA 3vaS NMVIQ
1SI7 S1yvd
on ona/ A R [
9lzle Q¥¥0dg Q3HOL3 3uvd ¥¥8-3d ‘80d b ¥8-+0-9¢ Lol
¥1 ¢1 21 11 012100 ¥OXI0LNEHDT VIVAINN VW08 HNOOL §OLONANI 990— 10—/} v | ¢
Id 91/51S—156 0J03IM ‘dIdIS Nid SOd ¥ 090—-70-9] L <
20 '1d $Z—10S111125va ONI S3d0Id° 1 ZSVABONIHOLMS d33dS HOIH 103y [L1-10-¢1 Z | v
/N O0A Z21—G | d3L43ANI JOVLIOA 901-20-9S S
9Ly 902, WS ‘AL¥/1INIS—I¥3 OINOSYNVd ‘%l LIYM 8/1 v/ L 'S3y 757—10-8] )
9 902, WS ‘ALL9ZINIS—y3 OINOSYNVd ‘%l LIYM 8/1 »197¢ 'S3y 1Gv—10-8l 2
GLaGY vy 90Z1 NS ‘AOSYZANIS—ry3 OINOSYNYd ‘%l LIvM 8/1 £vZ 'S3y ccy—10-81 c |8
¢ "ZZ1-21910 JOLSINGIHL WND'a1_WIXV'D./Wdd 000/ ¥z L'dN3L [10-10—0F G
2y 9021 NS ‘AO/Z8¥3INI8—ry3 OINOSYNVd ‘%l LIvM 8/1 /8% 'S3¥ 0Sy—10-81 L ol
71 9021 WS Z9/6INI8—rdd OINOSYNYd ‘%l LIvM 8/1 X976 'S3d ¢Gy—10-81 L1l
LY'CLd'8Y 9021 WS ‘ACOSLINIS—rd3 OINOSYNVd ‘%l LIYM 8/1 YOSl 'S3y 8vv—10-81 ¢ |z
L1y 9021 WS _'ALeGvINIS—ryd OINOSYNVd ‘%1 LIVM 8/1 »eGv 'S3y 67y —10-81 Y
FARE 9021 WS ‘ALZ0LINIS—ry3 OINOSYNVd ‘%l LIYM 8/1 »zOo'|L 's3y [v¥—10-81 Z |1l
6y ¥GZ—1—-Xx992¢ SNMNOd ‘ISNraY 3dIS 3¥vNOS b/ 1 Y0SZ ‘1Od 171-20-61 D
Ly £01—1-X992¢ SNYNOF ‘1SNray 3dIS 33VNOS ¥/ 1 YM0110d ¥/0-S0-61 D
en 260L ‘Z1/SEAT rQY 93N 934 L10A 860—20-95 L 2L
9nznln 7601 Z1/1SA1 QY SOd 939 L10A 9/0-20-9S D
£12'Z710 00LNHLY—=303 AMOS N0t ‘01 Qvd 10313 ANTY ‘dvO 0/1—-50-1] Z | 6l
90010 87G50F NS MGOIXAILI—=S03 1) WNIVINVL 'dvo S/1—50—1] ¢ ot
110'01062'80'£0'G0'£020 907199 NS ‘MAMYOLHLA—NDT ‘InL™ "DIAVY3D 'dvD 301 —-80—-11 1 54
an 8—0I0S dv90/QY_'dAvV—dO 100-/0-95 I | cc
O3FTWISNI LON 3% #M — LM ¢
ATENISSY ONIMNA QILHOHS
¥30T0S LON 34V Zdr ANV Ldr SY3IANNP LYHL 39NSNI T
"SQUYANYLS ¢ SSY10 019-y—0dl
HLIM JONYQY000Y NI SA¥v¥08 Ny3I10 ANy JT1aN3Ssy 'L
S3ION AT9NISSY
3100 M0 | 20/10/%0 009L# NO3 ¥3d Q3SIAFY | 4
A8 a3nss ava NOILdI2S30 A3y Z _ S00Ex 9/ 03AY3S3Y SIHONY TV
wﬁmz“ mn_ﬁxoz_www mzc_ko/«mw WFZM_EDW:rm_/: MWOZ:rm/ﬂI
_ : INAGIAL
SNOISINTS 9%/ —G9 sy v SomTCL

(S)NIL

0313103dS ISIMYIHLO SSIINN

Z00¢ LHOIHAOD

page 24

Download from Www.Somanuals.com. All Manuals Search And Download.



@ N __\N __\m m %O N 133HS N@\ﬁ ZZiDO .Fﬂxomxu ‘T‘T@ m_@& sjuswinJdisu| w@cImOI
ANON Ll 26/ S3TTINEY e NVHOVIO ATBNISSY INACTTIL M
80d M3IA WO1108
| 7|
Q
[ £0 | o
N
i :
[ ] zdr (b Eal
bdr ab cd

g0d M3IA dOlL

el

et

| |
e Zd
v

o MM .

Q. Q.

M LM

y @

@ik @ T

2S00 p9/1L
.

T b0
STIONV  SIVAIO3Q  SNOILOYYS
i34V SIONVHIT0L
SIHONI NI 34V SNOISNIWIQ
Q314193dS 3SIMYIHLO SSTINN

J3AY3S3Y SLHOI TT¥
SININNYLSNI SONILSYH
INAQ3T3L

200¢ LHOIMALOD

page 25

Download from Www.Somanuals.com. All Manuals Search And Download.



@ N ? N F m ¢ 40 € e £6/1 NNIND "L %8 890d syusLINSUl m?:g;?
a A INAQITIL
INON o £6/1 MITINEY | NVOVIa A1BN3SSY
A A
TNO-50 VY ANId9
AOL- A
Lo
0l T 0
- +“A v_mvmm—A 1ouBIs AS-0
90 T QU T z QU T joubls owioZ-7
Ol {elvl Ldr zdr
90.Qv AN o= AS-0 owQzZ-
~ -
o Mzo'L A0}
' Lo oy AGL
60
3 AV oZ
Hv .
. MZO'L 5y jepno y.
%4 oLy
vo ADL+ zdlL .
d
M WS
MOS | \ 71 .
S NOS L 8y 4 W 20 _oun
2] AL V] 112
) rol +%_ﬁo
: - n
ro ] 099701 HNOoOL e (oubs) wo
20 10 $y0L1] ST E =51 (oo s-0jindino
W = (umd) woo
0l -t i loan ve+ o) g1+
Y19z s = HnooL id
9y e e M_u Wv_i._ A A0 b0
iy Lel TR T Zio o 013
T is1——
UL
Joysisduwis] Tyg" n n
<n ST - M0l azie 2N /8y .+ )\._./\(V_N b H _o._o—
Z1LESNT Iy ZILISWT ¢ bz
o107 AOL+ o1
M 1
Z1L1EWT . ryaam
YT
an
Z1L1ENT
AOL+
|_| T _ SO0 yo/) 3A43S3Y SIHOIY TV
"
ASL+ srowr swmige_siouon SININNHLSNI mw@ZL%M@
GO0E TSI SN 200Z LHOIMADOD

page 26

Download from Www.Somanuals.com. All Manuals Search And Download.



Q m ?N =\ m ¢ 40 | L3S h@\ﬁ NNINO FBV_BS ASSY S+#8—0d sjuswinJisu| sbulisby §
q- ELNPNCEREIR
A3 ‘ON ‘oma|  3zis ANON IS h@\ﬁ d3TINEd NMYHO NVIOVIa ATENISSY
1SI7 SLyvd
oo e |
LLCLE 85%¥8—0d ‘80d 3yvE 85¥8-¥0-9¢ | |
od 100—¢G6269 9938 'SIOVINOD ¥ "¥VINAON 80d AYINI dOL MOvr 190—-¥0-9} L 1 ¢
ld (NId 9¢) NV4S9¢07Zd SNITINS "OS ,5¢0° "§30v3H £60—-02-91 9/11 ¢
cd 2y %L LIYM ¥/1 M0'C S3Y 1Z¥—10-8} [N
¢dcd g1¢¢GN1L VI04010A "¥3IN3Z 110A 1°S 30010 6vI—10-¢1 ¢ | S
1d 1001010S "ONI S3A0IA/ LIl ‘¥31ddvg AMLLOHOS 2101dS ‘30010 G91—-10-¢1| L 19
¥d %L LIVM ¥/1 80 8/1 MOl ‘S3¥ cLC—10-81 A
[Rel %l LIYM v/1 ¥0 8/1 MSI ‘S3Y [91-10-81 L 18
¢J3'L0 N¥O1O0ZAD GYIVYINID 180 A0S INnL° JIAVH3D ‘dvO 651—10-11 ¢ |6 m@
Xo 4O1SIS3y 9/¥—10-81 | |0l =
=l
[ e
INIL E3ILVT VLY LN TIVLISNI x @ a
0L NOOY HONONI MOTIY OL JUNS ONPAVA LN 40 £ ANV 9 SNId
404 SAvd 3IHL NO Q3TIWISNI 3@ OL SI (0} W3L) Xd YOLISIS3Y -y mI
o]
'80d 3IHL 40 3dIS ¥3070S 3IHL NO C3TIVISNI 38 OL SI Ld AJL ¢
"AT18W3SSY SIHL NO @3TIVLISNI ION SI L W3l ¢ B 1 F
‘SOYVANVIS ¢ SSYT10 '019-Y-0dI HLM 3FONVAYOOIV NI FTGNISSY "I m@
su{__ 18
‘SALON A TANASSY -
e a1
[ e
O I
< I §
N
S )
£9¢1 # NO3 d3d Q3SIA3Y 9]
A8 Q3NSS| NOILdI¥053a A3 2z S0 y9/) Q3IAYISIY SIHON TV
wm#uz“. m;?},“.mxnx mZD_ko(x“ wFZMEDW:rm—/: WOZ:rm/QI
SNOISIATS 6v/—G9 i o AT 3INAGI1BL
[SIEN] Q3103dS ISIMYIHLO SSTIN £661 LHOIMALOD

page 27

Download from Www.Somanuals.com. All Manuals Search And Download.



@ m __\N __\m ¢4 ¢ 133HS N@\ﬁ ZZiDO Fﬁv_ouxo Gv8 40d sjuswunJisu| sbujispy I\
Ral ANAGTTIL N
INON ol 46/1 HITINGY |, AVYOVIa ATBNISSY
AG—
A
AG—
M AS+
ol s 2=CEN
Zd
w AG+
01
1 7y
A
MV
MG A A
Y
TVNDIS AS-0 A 9 _
AN9-D0TVNY A S
VNDIS YWOZ-¥ A ¥
wo'wa | S ol
AYT+ 0L ASL+ — T NO ; _
o | 7 N
o 0101
! s = as
44 +lm.._. AG L+ -] 5 P
<l ¥
If4
F_.’O i T
—t— = 4
NI = PLC I R S
7690aV
(1 133HS NO Z 310N 33S) 1IN

£ _ S007sx p9/L

T 0

STIONY  STYNIDIA
NG

+

SNOILOVYS
SIONVATIOL

SIHONI NI 38V SNOISNINIQ
Q31I03dS ISIMYIHIO SSTINN

J3A43S3d SIHOI 11V
SININNHLSNI SONILSYH
INAQFT3L

£66] 1HOIMAJOOD

page 28

Download from Www.Somanuals.com. All Manuals Search And Download.



4 nv ?N =\m ¢ 40 | e NNIND %Bv_axo ASSY 9%9—-0d sjuswinisu| mmc:w_oibv
- ANAQITAL
AT 'ON "OMa 37IS MZOZ ELeS KMJI:E m K NMYdQ §<mo<ig }szmmw<
1SI7T S1dvd
o we/ R Sl E A
8lZlE V¥9¥8-0d ‘80d IvE| VY9¥8-¥0-9¢ | 5
" 9¢—10-0686¢6 NE 'FIVN3I4 AVMY Mv3dd NOILISOd 9% ‘1IMO0S 200—¢G6—-91 ¢/1 ¢
oY J/Wdd001—/+GG—Ny FTALS Q71 WWIXY %l M8/ 40 My/L XMGL"1'S3Y | /C—=10—-81 | ¢
S| 3/Wdd001 —/+GG—Nd JFIAIS 0T VIXY %L My/1 M6¥¢ S vS¥—10-81 [
¢d 02— 1-X992¢ SNyNO8 TaY 3AIS ‘NAINLLINA .¥/1 M0Z '1Od 780-60-61 | | S
MOV1g ONOD + LHOIVYLIS ‘d¥02 3N 10—G0—GI g9 Q
o O
Ion
N
a4
NOILVdddddd J1av0
GCF00' ¥
G9” -
ONG®; >
or” j -
= e B
O
ON® 0
O
~ O
& O
0 -—¢, |0
O \\iHM)b« R
o .
g [©-
FIM MOTI3A A
'80d 3HL NO Sd3dANT IHL 40 ANV &3070S 1ON OQ.M FHIM NIFHO
. JdIM a3 +
NMOHS S JdIM XOvTE
g0d 3HL 40 3AIS ¥3A10S FHL NO TIVLISNI ANy (9# W3L) @400 3INIT NIL NV didls -z 1
‘SAYYANVLIS ¢ SSY1D ‘'019-v-0dl HLIM JONVAYODIV NI d¥v0g Nv3ITO ONY I1GW3SSY | Q
16/1/C OV 3NSSH WILNE | v
A8 a3nss NOILI¥053d A3 2 _ SO0%ae  y9/) Q3INJISIS SIHOIE TV
mmlﬁz“ m;,—(n”:m“.uxox. sz;u(x“ wFZMEDW:rw_/: mOZ:rm/QI
SNOISIATY 0G/—-59 g w2y ST 3NAG3T3L

(S)nawl

Q31410345 ISIMYIHLO SSTINN

/661 1HOIYAJOD

page 29

Download from Www.Somanuals.com. All Manuals Search And Download.



< nﬁ =\N __\m ¢ 40 ¢ 13308 a3¥03H0 9v8 d0d sjuswinJisul mmcrwclb\
a- INAQ3TAL
ANON s 3TN EY e NVEOVId ATENISSY b
a
w NS
A oy
M|
2
ol
oo : —1D— N AS—
Mwwmuu“ g - y = 7
£dd 3 AS6Z°Z OL AWLGZ
HRss i ! o = P
W0Jda = uH— E}
: Ldr A : s p-o o
" _ N6YT 24
Lr 1y
NG+ AG+

2 SO0Exx  pg/|
+

T 10
SINONV  STVAIOAQ SNOILOVYS
134V SIONVAITI0L
S3IHONI NI 3¥¥ SNOISN3NIQ
0314103dS 3SIMY3HIO SSIINN

J3N43S3d SIHOIY TV
SININNHLSNI SONILSVH
ELVNCERENR

[66] LHOIHALOD

page 30

Download from Www.Somanuals.com. All Manuals Search And Download.



Free Manuals Download Website
http://myh66.com
http://usermanuals.us

http://www.somanuals.com

http://www.4manuals.cc

http://www.manual-lib.com

http://www.404manual.com

http://www.luxmanual.com

http://aubethermostatmanual.com

Golf course search by state

http://golfingnear.com

Email search by domain

http://emailbydomain.com

Auto manuals search

http://auto.somanuals.com

TV manuals search

http://tv.somanuals.com



http://myh66.com/
http://usermanuals.us/
http://www.somanuals.com/
http://www.4manuals.cc/
http://www.manual-lib.com/
http://www.404manual.com/
http://www.luxmanual.com/
http://aubethermostatmanual.com/
http://www.golfingnear.com/
http://emailbydomain.com/
http://auto.somanuals.com/
http://tv.somanuals.com/

