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1. PURPOSH

This Aerds e Infc ion Repa IR} is-intended-to-define-three-elassesof barometers, working,
reference and transfer, and some aspects of their use so that altimeters and air data transducers
calibrated against working barometers will be comparable. An accuracy of + 0.003 in. (or +0.076 mm)]
Hg should be approachable with working barometers meeting the recommendations in this AIR.

Note: 0.003 in. Hg corresponds to 3 ft of altitude at sea level and 11 ft of altitude
at 40,000 feet. (0.076 mm Hg corresponds to 0.8 m of altitude at sea level
and 3.4 m of altitude at 12, 000 metres. )

2. SCOPE

This AIR is concerned only with aspects directly relating to available accuracy. While well-designed .
photoelectric, inductive or capacitive readers and pressure regulators, and other accessories are
highly desirable for convenience and production rate, they are considered to be outside the scope of
this AIR.

Copyright 1974 by Society of Automotive Engineers, inc. Printed in U.S.A.
All rights reserved.
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3. DESIGN OF MERCURIAL WORKING BAROMETERS

3.1 Definition: A working barometer is one whose normal use is to be connected to one or more altimeters,
air data transducers, or other precise absolute pressure devices, and operated with them to the full range
of pressures required for their calibration.

3.2 General Construction:

3.2.1

3.2.2

The barometer should be of sturdy construction and of such design that it can be serviced without loss of
accuracy in any completely equipped instrument shop, without the use of special jigs or tools.

Parts requiring matching, or parts non-interchangeable between barometers of the same model, shouid
be permanently marked with the serial number of the barometer.

3.3 Tube: The tubé should be of precision-bore glass and should have an internal diameter|of at least-0.5 in.
(12.7 mm). eference should be for a larger diameter. The surface tension (capillary) errors of a
0. 625 in. (15.475 mm) tube for example, are only about half of those for a 0.5 in. (12,7 mm) tube. The

top should be cpnnected to a vacuum pump and gauge.

3.4 Cisteru:

3.4.1

3.4.2

The internal |[diameter of the cistern should be precisely determined and related to the internal diameter
of the tube by the scale-shortening factor.

The barometler should be operable to the zero point of the\scale (or other readout means) to permit pre-
cise determipation of the amount of mercury in the barometer while tube and cistern|pressures are equal.

3.5 Levelling and Plumbing Provisions: The base should include levelling screws and bubble levels so that the

cistern mercuiy level and scale (or other readout device) zero may be levelled within ¢.001 in. (0.025 mm)

and the scale plumbed within 0.5 deg (0. 009 rad) of verticality.

3.6 Mercury: The|mercury should be triple-distilled, bright and shiny, and free from tailing. See also 5.8.

3.7 Thermometer:| A mercurial thermomieter, accurate within 0.2 deg Celsius, should be permanently in-
stalled on the harometer in suchfashion that the thermal lag of the thermometer and itp mounting closely
approximate that of the barometét mercury. On a barometer of 60 in. (or 150 cm) or greater nominal

range, two or more thermometers should be installed.

3.8

3.8.1

3.8.2

3.8.3

Scale:

Standard corditions for pressure measurement are in terms of mercury at 0% (3201‘) and a gravitational
acceleration-of-986-66 Y/ S€ ee—although-a—seale-may -be-eut-to—read-inthese-terms while at other
temperatures and gravities.

The scale should be engraved on a single piece of metal whose coefficient of expansion is known and has
been taken into account in the design. The primary calibration should be in decimal inches or in milli-
metres, or in shortened decimal inches or shortened millimetres to account for changes in cistern
mercury level, or in millibars or pascals.

Note: 1 pascal = 1 newton/ metre? (exactly)
= 0.01 millibar (exactly)

I an altitude scale is also provided, it should be cut in accordance with the U, S. Standard Atmosphere
of 1962. Within the range of concern of this AIR this is identical to the ICAO -Standard Atmosphere. The
altitude should be in terms of geopotential feet.
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3.8.4 TUnless the barometer is designed for single-temperature operation and housed in an enclosure whose

3.8.5

temperature is precisely controlled, means should be provided for the temperature correction to be
applied to the reading. Unless the barometer is designed for a particular location, means should be pro-
vided for the gravity (latitude) correction to be applied to the reading. Means should be provided to in-
Cicate at all times the amounts of compensation being applied for temperature and for gravity.

A scale cut for use only at a specific temperature and/or a specific value of gravity should be perma-
nently marked with those values.

3.8.6 The scale should be permanently marked with the serial number of the barometer.

3.9 Other Readout Means:

3.9.1 Inlieu of, or in addition to the scale, a lead screw and turns-counting device, a metallic tape, or other ]

3.9.2

3.9.3

3.10 Reading Devide:

3.10.

1

equivalent r . om S ol thig € Sho ve proyisions for checking
the accuracy| and wear of the readout means by the use of gauge blocks, unless a-8dalp complying with
3.8 is also permanently fitted.

Unless the barometer is designed for single-temperature operation and housed in an ¢nclosure whose
temperature(is precisely controlled, means should be provided for the temperature cprrection to be
applied to the reading. Unless the barometer is designed for a partitilar location, means should be
provided for|the gravity (latitude) correction to be applied to the reading. Means sholild be provided to
indicate at a]l times the amount of compensation being applied for‘temperature and gravity.

A readout agsembly designed for use only at a specific temperature and a specific value of gravity
should be permanently marked with those values. Any portions of the assembly peculliar to such values
should also Be so marked. '

Crosshairs] a sighting ring, or other arrangement should be provided so that the pogition of the menis-
cus in the tybe can be precisely located.\ The reading device should be capable of gojng to the zero
point of the [scale (or other readout means) to allow accurate determination of the anjount of mercuy in
the baromefer while the tube and cistérn pressures are equalized.

In a barometer fitted with a scale, the reading device should include a vernier allowihg reading of the
scale to 0.J01 in. or 0.02 mm.

Certification: [ The manufacturer should furnish with each barometer a calibration chant showing the re-

Instructions:

sidual errors jof the-barometer. This should have been made by comparison with his Master, which should
have been calibrated\by the National Bureau of Standards.

3.12.1 The manufacturer should furnish with each barometer complete and fully illustrated instructions for

assembly, operation, disassembly, cleaning, and servicing. The instructions should fully detail all the
potential sources of error and the means of avoiding them,

The instructions should include statements as to:
a) The scale-shortening ratio.

b) Temperature and gravity values at which, without c%mpensation, the scale (or other
readout means) will read in standard terms; i.e., 0 C and 980. 665 cm/sec/sec.

¢) Standard Atmosphere used.
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3.12.2 (Continued)
d) Means of avoiding or correcting capillary depression,
e) Other significant corrections and assumptions used.

3.12.3 The format of the instructions should be in accordance with Air Transport Association of America
Specification 100 (Ref. 4).

3.13 Parts:
3.13.1 The manufacturer should furnish with each barometer a complete parts list, and should carry in stock

for immediate delivery gaskets, packings, tubes, cisterns, and any other parts or assemblies likely to
require replacement.

3.13.2 The format pf the parts list should be in accordance with Air Transport Assocjation pf America Specifi-
cation 100 (Ref. 4).

4. DESIGN OF MERCURIAL REFERENCE BAROMETERS

4.1 Definition: A njercurial reference barometer is one whose normal useis to monitor the calibration of
working baromeéters, whose design is such that its own calibration fay be established by direct linear
measurement of the height of the mercury column, whose designincludes refinements tp optimize accuracy
(at the expense jof convenience if necessary), and which is isolated insofar as possible ffom common sources
of error with the working barometers. An accuracy of 0.00ldn. (0.025 mm) should be|sought.

4.2 General Constrjiction: In construction, maintainability,-and identification of non-interchangeable parts, a
reference barometer should meet the same requirements as a working barometer.

4.3 Tube: The internal diameter of the tube should be at least 0.75 in. (or 20 mm). Preference should be for
a larger diameter, say, 1.0 in. (25.4 mm).to.minimize surface tension (capillary) errors. If the scale in-
cludes millibarg, pascals, shortened inches or shortened millimetres as well as true, the tube should be of
precision-bore [glass. The top should bé connected to a vacuum pump and McLeod type gauge. The pump
and gauge should be connected only to-the reference barometer, and not manifolded with any other.

4.4 Cistern:

4.4.1 If the scale includes millibars, pascals, shortened inches or shortened millimetres as well as true, the
internal diameter of the-cistern should be precisely determined and related to the int¢rnal diameter of
the tube by the scale-shortening factor.

4.4.2 The cistern d ip e a pointe i e the pre eve e me surfice. I the barometer
is of the variable cistern (Fortin) type the pointer should be fixed at the zero of the scale. I the barom-
eter is of the fixed cistern type, the pointer should be mounted on a micrometer head so that the distance
of the mercury surface in the cistern from the zero of the scale may be measured. The barometer should
be operable to the zero point of the scale, so that when the tube and cistern pressures are equal, the

height of the pointer with respect to the zero may be established.

4.5 Levelling Provigions: The levelling provisions should be at least equal to those for working barometers.

4.6 Mercury: The purity and cleanliness of the mercﬁry should be at least equal to that for working barometers.

4.7 Thermometer: A mercurial thermometer, accurate within 0.1 deg Celsius, should be permanently installed
on the barometer in such fashion that the thermal lag of the thermometer and its mounting closely approxi-
mate that of the barometer mercury. On a barometer of 60 in, (or 150 cm) or greater nominal range, two
or more thermometers should be installed.
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4.8

4.8.1

4.8.2

Scale:

The principal calibration of the scale should be in inches or millimetres, true-at the same temperature
at which the gauge block set is true. Secondary calibration in shortened inches, shortened millimetres,
or in millibars or pascals may also be provided.

At the zero point of the scale there should be a base upon which gauge blocks can be stacked.

4.8.3 In other respects the scale should at least equal the requirements for working barometers, except that

instead of a compensating device, charts may be used to apply temperature and gravity corrections.

4.9 Reading Device: The crosshairs, sighting ring, or other arrangement should allow direct visual observa-

4.10

4.11

4.12

5. INSTALLATION AND OPERATION OF MERCURIAL BAROMETERS

5.1

5.2 Temperature:

tion of the top of a stack of gauge blocks as well as the top of the mercury column. In other respects the
reading device g : same S 2 a g ha o

Certification:| The certification procedure for a reference barometer should at least efjual that for a
working barometer.

Instructions: | The instructions furnished with a reference barometer should 4t least edual those for a
working barometer.

Parts: The ayailability of parts for a reference barometer should'at least eqﬁal that for a working
barometer.

General: In orfler to obtain the best accuracy from a barometer the manufacturer's recommendations should
be carefully followed. In addition the following (most of which should be included in the|manufacturer's in-
structions) shopld also be observed: [

5.2.1 A barometer provided with a temperature-compensation device (as distinct from one installed in a tem-

5.2.2

5.3

5.4

5.5

perature-controlled cabinet) should-be installed in a room whose temperature is contxolled within + 2°C
+3. 6°F) or|closer, including nights and weekends. After any larger change in room|temperature, the
barometer should be allowed 3-t0 12 hr or more to stabilize, according to the magnityde of the change,

before being jused for altimeter calibration.

If close contyol of room-temperature cannot be assured, the barometer should be insthlled in a tempera-
ture-controllled cabinet; a fan should be provided to minimize vertical temperature griadients.

e 11S€e g 2 : c-is' essential. Each
working barometer should have its gauge read daily to agsure that the a.bsolute pressure in the tube is less
than 15 microns mercury (0.0006 in. Hg or 0.015 mm Hg). Each reference barometer, when in use, should
have its gauge read to assure that the absolute pressure in the tube is 5 microns mercury (0.0002 in. Hg or
0.005 mm Hg) or less.

Vibration: It is advisable to vibrate or tap a barometer tube before reading unless the tube diameter is over

lin. (25.4 mm). Surface tension effects, particularly if the glass or mercury is even slightly fouled, may
cause the barometer to read as if it were subject to friction or hysteresis errors.

Fouling of Mercury and Glass: Suitable precautions should be taken to minimize fouling of the mercury and

glass. The air used to relieve the cistern vacuum, as when returning to ambient pressure from altitude,
should be dried and filtered. Dry nitrogen is better.
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5.5 (Continued) .

Note: Where a filter-dessicator arrangement is used, it should be placed in the relief line
feeding into the system as close to the cistern as practicable. The air flow from the
testing chamber to the vacuum pump should not pass through the filter-dessicator, as
this will shorten the intervals at which it must be serviced.

When a barometer is to be left idle, as over a weekend or holiday, leaving it pres-
surized to, say, 32 in. (or 812 mm) will help avoid the formation of rings in the part
of the tube where most readings are taken.

5.6 Pressure Connections: Lines connecting barometers to other equipment should be of glass, stginless steel,
or an elastomer known to be impermeable to air and water, sufur-free and otherwise inert to mercury.
The lengths of flastomer should be minmimized.

Note: Rubber ¢r neoprene hose and tubing may contain powdered talc or soapstone;)this
should b¢ completely removed before use.

5.7 Pumping System:

5.7.1 Suitable predautions should be taken to prevent oil or oil vapor from reaching the top|of the barometer
tube.

5.7.2 The discharge of the vacuum pump should be connected to a line or exhaust duct to ogen air, as the dis-
charge may ¢ontain significant amounts of oil and mercury vapors.

5.8 Cleaning: Whep the mercury or the glass parts of thebarometer have become fouled as evidenced by dis-
coloration, scum, or ragged meniscus formation in"the tube or cistern, the barometer ghould be cleaned
and the mercuily replaced in accordance with the manufacturer's instructions. The mefcury should be -
equal to that furnished with new barometers. :

Note: The follpwing procedure is suggested for cleaning glass parts: Scrub with hot water
detergent, and a soft bristle brush. Rinse with hot tap water. Wash with warm|50 to
60°C (142° to 140° F) chronic acid cleaning solution. Rinse with tap water. Wash
with dilyte nitric acid. Kinse with tap water. Rinse with distilled water several times.
Dry with heat and/or yacuum.,

5.9 Mercury:

5.9.1 The mercury usedt6 refill the barometer should be equal to that specified for originpl installation (see
3.6). It shofild have a bright, mirrorlike surface, and be free from film or scum. It should pour freely
from a thoroughly clean, dry, glass container without leaving any mercury adnering to the glass. (Refs.
5, 6, and 7)

Notes: To prepare a beaker or other vessel for this test, it should be cleaned and dried
according to the same procedure recommended for barometer tubes and cisterns,
then wiped out with a little of the mercury to be tested and (rice) lens paper.

Properly applied, the "pours-without-tailing" test assures that the base metal
contamination is less than one part per million.

5.9.2 To avoid entrapment of air while filling a newly cleaned barometer, it should be evacuated to 15 microns
and the mercury drawn into the cistern from a supply bottle through a filler tube whose entry is kept
clear of both the surface and bottom of the mercury. '
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Suitable precautions should be observed while handling mercury because it is highly toxic in both liquid
and vapor phases. No attempt to clean it or distill it should be made in the instrument shop.

Notes: Any mercury spilled while draining and filling the barometer should be gathered
up at once to prevent its becoming "floured"; that is, subdivided into tiny drop-
lets which are prevented from recoalescing by dust particles, etc., and then,
having lost the appearance of mercury, become spread about with any ambient
dirt. It is advisable to have available an assembly consisting of a small hose
and nozzle and water-trap which may be connected to a vacuum line. General
purpose vacuum cleaners are not suitable.

The hands should be washed carefully after handling mercury, even though no
obvious contact has occurred. '

Metrcury and food should never he handled in the same area.

Megcury removed from barometers should be returned for credit or for ﬁts-
tillgtion. Cleaning and distillation of mercury should be done only in a sujtably
equjpped refining plant or chemical laboratory. Mercury&hould be storefl in

glags containers.

For additional information on the handling of mercury; Ref. 5 through 12 Bhould
be ¢onsulted.

5.10 Log: A log should be kept of each individual barometer, recording installation, cleaning, adjustments,

5.11 Ambient Pregsure Measurement:

and other work done.

5.11.1

5.11.2

5.11.3

5.11.4

air-conditipning equipment has no effect. If, however, a barometer in a pressurized room is to be used
for computption of the Altimeter ‘Setting QNH, or for comparison with Weather Bareau or other barom-
eters in tefms of QFE, QFF (or QNE, there should be provisions for connecting(the cistern to a pres-
sure-tight |ine leading to a(static port outside of the building. Ref. 2 gives constjruction details.

Where a b};ometer is used only for altimeter calibration, the slight pressurization of the shop area by

Definitions|and procedures for computation of QFE, QFF, QNE, and QNH can be| found in Refs. 2 and 13.

For QNH domputations and for comparisons, it is essential to know the height of|the barometer(s). In
order to mpke ‘clear the relationships between the elevations and reference planeg which need to be
known, it ip_suggested that a diagram similar to Fig, 1 1 is the basic reference
for altimetry as well as for surveying. Mean Low Water, Mean Lower Low Water, etc., are of no in-
terest in altimetry, but should be noted, if only to avoid confusion in terminology.

Where comparisons are made with Weather Bureau barometers, it should be recognized that because
of geographical separation and the local pressure effects of winds, this kind of comparison is useful
only for detecting gross errors. : '

Some Weather Bureau stations use a reference elevation, that for historical continuity of records, is
not the actual elevation of the barometer cistern. Arrangements should be made with the Senior Mete-
orologist to assure that all applicable corrections are applied so that the readings may be comparable,
and that a mutually convenient schedule has been set up for simultaneous readings.

6. DESIGN OF NON-MERCURIAL WORKING BAROMETERS

6.1 Description: Barometers may be constructed using means other than the weight of a column of mercury to
establish a pressure accurately. They may be categorized broadly into those using a gravity reference and
those using a spring force reference. '
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6.1.1 Non-mercurial gravity reference barometers are in their most usual form piston gauges, wherein a
precisely known weight acting upon a piston of precisely known area and low friction accurately determine

a pressure.

6.1.2

Non-mercurial spring force reference barometers are in their most usual form dependent upon the elas-

ticity of a Bourdon tube or helix of quartz or other material of low hysteresis and great stability. Cap-
sules of silicon whose deflection is measured by a strain gauge directly deposited upon the surface, and
metal capsules whose resonant frequency varies with pressure are also being developed for this purpose.

6.2 Application: There is no objection to use of non-mercurial barometers for altimeter or air data computer
calibration, although those of the spring force type may require more frequent comparison to a reference

barometer than

7. DESIGN OF NONrMERCURIALREFERENCE-BAROMETERS

7.1 Description: Re¢ference barometers may also be of non-mercurial design, although wi

tions related to
7.2 Application:

7.2.1
eters provide

7.2.2 - Non-mercuri
8. INSTALLATION

8.1

8.2 Temperéture E

Non-mercurial barometers of the gravity reference or piston gauge'type may be us
i they are arranged for direct application of the dead-weight to the pipton, without inter-

vening mechapism, such as balance beams or interpolating devices.

gravity reference types.

long-term stability.

)] barometers of the spring force type are not considered suitable for

AND OPERATION OF NON-MERCURIAL BAROMETERS

Ffects: Non-mercurial barometers, particularly those of the spring fg

are susceptible
Where it is fou
causes a calibr

8.3 Stability: Non-
barometer, the
established in t
first be daily.

as experience i

9. COMPARISONS

to temperature errors. All precautions advised by the manufacturer
d, for example, that the introduction of air appreciably colder thant
tion shift, it may’be necessary to install a preheater in the line to th

ith certain qualifica-

bd as reference barom-~

reference use.

General: Non-thercurial barometers should be installed and operated in strict accordance with the manu-
facturer's instructions.

rce reference types,

should be observed.

e sensing element
barometer.

frequendy being dependent upon stability. For a barometer whose st
he location in which it is used and by the people by whom it is used, t

bility has not yet been
e frequency should at

mercurial barometers of the spring force type require frequent comp}rison to a reference

If the instrument appears stable, this may be lengthened to semi-wee

1 > Lb
s purivup-s

kly and then to weekly

9.1 Requirement: Periodic comparisons of working barometers to a reference barometer are necessary tode-

tect and correct any tendency to drift of calibration.

9.1.1 Possible causes of drift of mercurial barometers may include fouling of glass and/or mercury, loss of
mercury due to vaporization into reference vacuum, adhesion of bubbles to glass, slippage of mechanical
parts, drift of temperature control thermostat, etc.

9.1.2

Possible causes of drift of non-mercurial barometers may include drift of temperature control thermo-

stat, slippage of mechanical parts, friction, fatigue or other changes in elastic properties of spring

elements, etc.

See also 8.3.

9.1.3 For compai'ison with Weather Bureau barometers, see 5.11.4.

Vel
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9.2

9.3

9.4

9.5

10.
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Daily Comparison of Working Barometers: The following steps should be taken each working day:

a) Check that vacuum gauges read less than 15 microns.

b) Check that barometer is at intended temperature and/_ or that compensator is correctly set.
c) Read all barometers in each working area while vented to ambient pressure.

d) I spread of readings is greater than 0. 005 in. Hg (or 0.13 mm Hg) take corrective action.

Weekly Comparison with Reference Barometer: The following steps should be taken early each week:

a) Visually examine each mercurial barometer for fouling of glass and mercury and for other
visible iti fect acenracy.

b) Check bubple levels to assure that bar ometer is properly levelled and plumbed.

¢) Check thaf barometer is at intended temperature and/or that the compensator is correctly
set, ck that the gravity compensator (if fitted) is correctly set:

d) Check thayj vacuum gauges read less than 15 microns for the working barometer and 5
microng| or less for the reference barometer.

e) Where refgrence and working barometers are close together, say within 20 ft (or] 6 m),
connect fhem together and to a vacuum source, with tubing.

f) Apply vacupm to bring reference barometer to a'setting about 3 in. (or 75 mm) below
' ambient|pressure. Example for a sea level Tocation: 27,000 in. (or 685. 80 mm),
Record reading of working barometer, A K'working barometer is not within 0. 003 in.
(or 0.08|mm) of reference barometer; take corrective action.

g) Where ref¢rence and working baromeéters are not close to each other, a transfer|stan-
dard shquld be used. After the'transfer standard has been calibrated to the reference
barometer and the working barometers have been compared to the transfer st dard,
the trangfer standard should again be calibrated to the reference barometer.

h) Where the reference-and working barometers are not at the same height, apply cpr-
rections|as detailed'in Ref. 2.

Calibration Check After Cleaning: After cleaning and refilling a working barometer,| or doing any other

work which cohld_canse_anchha.nge_of_calibmﬁ on:

a) Proceed as for weekly comparison, except take readings at 2 in. (or 50 mm) intervals
throughout the entire range.

b) Record readings.

Annual Check of Reference Barometer: Each year calibrate reference barometer against basic standards;
in the case of mercurial barometers, by readings of true inch (or true mm) scale and sighting ring and
vernier against stacked gauge blocks at 2 in. (or 50 mm) intervals throughout the entire range. Observe
all precautions and niceties of technique in manufacturer's instructions.
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