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SAE COMNIITTEE A-4, AIItCRAFT INSTRUMENTS 

1. PURPOSE 

This Aerospace Information Report (AIIt) ia intended to define three classes of barometers, worlflng, 
reference and tranafer, and some aspects of their use so that altimeters and air data transducera 
calibrated against working ba.rometers will be comparable. An accuracy of + 0. 003 in. (or + 0. 076 n 
Hg ahould be approachable with working barometers meeting the recommenda.tions in this AIR. 

Note: 0.003 in. Hg corresponds to 3 ft of altitude at sea level and 11 ft of aititude 
a.t 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 ia concerned only with aspecta directly relating to available accuracy. While well-designed . 
photoelectric, inductive or capacitive readers and presaure regulators, and other accesaories are 
highly desirable for convenience and production rate, they are conaidered to be outside the scope of 
this AIft. 

Copyright 1974 by Society of Automotive Enpineers, Ine. 
AII rights reserved. 

Printed in U.S.A. 
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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 da.ta transducera, or other preciae absolute pressure devices, and operated with them to the full range 

of pressures required for their calibration. 

3.2 General Conatruction: 

3.2.1 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 br tools. 

3.2.2 Parts requiring matching, or parts non-interchangeable between barometera of the sa.me model, shouid 
be permanently marked with the serial number of the barometer. 

3.3 Tube: The tube should be of precision-bore glass and should have a.n internal diameter of at least 0.5 in. 
(12.7 mm). Preference should be for a larger diameter. The surface tension (capillary) errors of a 
0. 625 in. (15.875 mm) tube for example, are only about half of those for a 0.5 in. (12.7 mm) tube. The 
top should be connected to a vacuum pump a.nd ga.uge. 

3.4 Cisteru: 

3.4.1 The internal diameter of the cistern should be precisely determined and related to the internal dia.meter 

of the tube by the scale-shortening factor. 

3.4.2 The barometer should be operable to the zero point of the scale (or other readout means) to permit pre- 
cise determination of the amount of inercury in the barometer while tube and cistern pressures are equal. 

3.5 Levelling and Plumbing Provisions: The base should include levelling acrews and bubbie levels so that the 
cistern mercury levei and scale (or other readout device) zero may be levelled within 0.001 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 thermometer, accurate within 0.2 deg Celsius, ahould be permanently in- 
stalled on the barometer in such fashion that the thermal lag of the thermometer and its mounting closely 
approximate that of the barometer mercury. On a barometer of 60 in. (or 150 em) or greater nominal 
range, two or more thermometers should be installed. 

3.8 Scale: 

3. 8.1 Standaxd conditions for pressure measurement are in terms of inercury at 0°C (32°F) and a gravita.tional 
acceleratior of 980. 665 em/sec/sec, although a scale may be cut to read in these terms while at other 
temperatures and gravities. 

3.8.2 The scale should be engraved on a single piece of inetal whose coefficient of expansion is known and has 
been ta.ken into account in the design. The primary calibration should be in decimal inches or in milli- 
metres, or in ahortcned decimal inchea or shortened millimetres to account for changes in cistern 
mercury level, or in milliba.rs or pascals. 

Note: 1 pascal = 1 newton/metre 2  (exactly) 
= 0.01 miliibar (e~ctly) 

3. 8. 3 If 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 geopotentiat feet. 
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3.8.4 Unless the barometer is designed for single-temperature operation and housed in an enclosure whose 
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 ahould be pro- 
vided for the gravity (latitude) correction to be applied to the reading. Means should be provided to in- 
ricate at all times the amounts of compensation being applied for temperature a.nd for gravity. 

3. 8.5 A scale cut for use only at a specific temperature and/or a specific va.lue of gravity should be perma- 
nently marked with thoae values. 

3. 8. 6 T'ne scale should be permanently marked with the serial number of the barometer. 

3.9 Other Readout Means: 

3. 9.1 In lieu of, or in addition to the scale, a lead acrew and turns-counting device, a metallic tape, or other 
equivalent readout means may be provided. Ba.rometers of thia type should have provisions for checking 
the accuracy and wear of the readout means by the use of gauge blocks, unless a scale complying with 
3. S is also permanently fitted. 	, 

3.9.2 Unless the barometer is deaigned for single-temperature operation and housed in an enclosure whose 
temperature is precisely controlled, mea.ns 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 
provided for the gravity (latitude) correction to be applied to the reading. Means should be provided to 
indicate at a11 times the amount of compensation being applied for temperature and gravity. 

3.9.3 A readout assembiy designed for use only at a specific temperature and a specific value of gravity 
should be permanently marked with those va.lues. Any portions of the assembly peculiar to such va,luea 
ahould also be so marked. 

3.10 Reading Device: 

3.10.1 Crosshairs, a sighting ring, or other arrangement should be provided so that the position of the menis- 
cus in the tube can be precisely located. The reading device should be capable of going to the zero 
point of the scale (or other readout means) to allow accurate determination of the amount of inercuy in 
the barometer while the tube and cistern pressures are equalized. 

3.10.2 In a barometer fitted with a scale, the reading device should include a vernier allowing reading of the 
scale to 0. 001 in. or 0.02 mm. 

3.11 Certification: The manufacturer should furnish with each barometer a calibration chart showing the re- 
sidual errors of the barometer. This ahould have been made by comparison with his Master, which should 
ha.ve  been calibrated by the National Bureau of Standards. 

3.12 instructions: 

3.12.1 The manufacturer should furnish with each barometer complete and fully iliustrated instructions for 
assembly, operation, disassembly, cleaning, and servicing. The instructiona should fully detail all the 
potential sources of error and the meana of avoiding them. 

3.12.2 The instructions ahould include statements as to: 

a) The scale-shortening ratio. 

b) Temperature and gravity va.luea at which, without compensation, the scale (or other 
readout means) will read in atandard terms; i. e. , O~C and 980. 665 cm/sec/aec. 

. 	I 	c) 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 Tranaport Association of America 
Specification 100 (Ref. 4). 

3.13 Pa.rts: 

3.13.1 The manufacturer should furmish with each barometer a complete paxts 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 of the parta list should be in accordance with Air ^lransport Association of America Specifi- 
cation 100 (Ref. 4). 

4. DESIGN OF MERCURIAL REFERENCE BAROMETERS 

4. i Definition: A mercurial reference barometer is one whose normal use is to monitor the calibration of 
working barometers, whose design is such that its own calibration may be established by direct linear 
measurement of the height of the mercury column, whose design includea refinements to optimize accuracy 
(at the expense of convenience if necessary), and which is isolated insofar as possible from common sources 
of error with the working barometers. An accuracy of 0. 001 in. (0. 025 mm) should be sought. 

4.2 General Construction: 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 millibars, pascals, shortened inchea or shortened millimetres as well as true, the tube should be of 
precision-bore glasa. The top should be connected to a vacuum pump and McLeod type ga.uge. 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 internal diameter of 

- the tube by the scale-shortening factor. 

4.4.2 The cistern should include a pointer to indicate the precise level of the mercury surface. if the barometer 
is of the variable cistern (Fortin) type the pointer should be fixed at the zero of the scale. If the barom- 
eter is of the fixed cistern type, the pointer should be mounted on a micrometer head so that the dista.nce 
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 Provisions: The levelling provisions should be at least equal to those for working barometers. 

4.6 Mercury: The purity and cleanliness of the mercury should be at least equal to that for workingbarometers. 

4. 7 Thermometer: A mercurial thermometer, accurate within 0.1 deg Celsius, should be permanently insta.11ed 
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 Scale: 

4.8.1 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. 

4. 8.2 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 
inatead of a compensating device, cha.rts may be used to apply temperature and gravity corrections. 

4.9 Reading Device: The crosahairs, sighting ring, or other arrangement should allow direct visual observa- 
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 should at least meet the same requirements as for a working barometer. 

4.10 Certification: The certification procedure for a reference barometer ahould at least equal that for a 
working barometer. 

4.11 Tnstructions: The instructions furnished with a reference barometer should at least equa.l those for a 
working barometer. 

4.12 Pa.rts: The availability of parts for a reference barometer should at least equal that for a working 
barometer. 

5. INSTALLATION AND OPERATION OF MERCURIAL BAROMETERS 

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

5.2 Temperature• 

5.2.1 A barometer provided with a temperature-compensation device (as distinct from one installed in a tem- 
perature-controlled cabinet) should be installed in a room whose temperature is controlled within + 2°C 
L 3. 6°F) or closer, including nights and weekends. After any larger cha.nge in room temperature, the 
barometer ahould be allowed 3 to 12 hr or more to stabilize, according to the magnitude of the change, 
before being used for altimeter calibration. 

5.2.2 If close control of room temperature cannot be assured, the barometer should be inatalled in a tempera- 
ture-controlled cabinet; a fan should be provided to minimize vertical temperature gradienta. 

5.3 Tube Presaure: The use of a continuous-operation vacuum pump a.nd a vacuum gauge is essential. Each 
working barometer should have its gauge read daily to assure that the abaolute preasure 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 rea.d to assure that the absolute pressure in the tube is 5 microns mercury (0. 0002 in. Hg or 
0. 005 mm Hg) or less. 

5.4 Vibration: It is advisable to vibrate or tap a ba.rometer tube before reading unless the tube diameter is over 
1 in. (25.4 mm). ~rface 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 errora. 

5.5 Fouling of Mercury and Glass: S~ita.ble precautions should be taken to minimize fouling of the mercury and 
glasa. The air used to relieve the cistern va.cuum, 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 cha.mber to the vacuum pump should not pass through the filter-dessicator, as 
this will ahorten 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 axe taken. 

5. 6 Presaure Connections: Lines connecting barometers to other equipment should be of glass, stainless steel, 
or an elastomer known to be impermeabie to a.ir and water, sdfur-free and otherwise inert to mercury. 
The lengths of elastomer should be minimized. 

Note: Rubber or neoprene hose and tubing ma.y contain powdered talc or soapatone; this 
should be completely removed before use. 

5.7 Pumping S~stem: 

5.7.1 S~ita.ble precautions should be ta.ken to prevent oil or oil vapor from reaching the top of the barometer 
tube. 

5.7.2 The diacha.rge of the va.cuum pump should be connected to a line or exhaust duct to open air, as the dis- 
chaxge may contain significant amounts of oil and mercury va.pors. 

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

Note: The following procedure is suggested for cleaning glass parts: Scrub with hot waterd 
detergent, and a soft bristle brush. Rinse witti hot tap water. Wash with warm 50 to 
60°C (122° to 140°F) chromic acid cleaning solution. Rinse with tap water. Wash 
with dilute nitric acid. Rinse with tap water. Rinse with distilled water several times. 
Dry with heat and/or va.cuum. 

5.9 Mercury: 

5.9.1 The mercury used to refill the barometer should be equal to that specified for original installation (see 
3. 6). It should 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 adhering to the glass. (Refs. 
5, 6, and 7) 

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

Properly applied, the "pours-without-ta.iling" test assures that the base metal 
conta.mination is less than one part per million. 

5. 9.2 To avoid entrapment of air wtule 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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5.9.3 S~ita.ble precautions should be observed while ha.ndling mercury because it is highly toxic in both liquid 
and vapor phasea. No attempt to clean it or distill it should be made in the instrument ahop. 

Notes: Any mercury spilled while draining and filling the barometer should be ga.thered 
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 inercury, become spread about with any ambient 
dirt. It is advisable to ha.ve  available an assembly consisting of a amall 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. 

Mercury a.nd food should never he handled in the sa.me area. 

Mercury removed from barometers should be returned for credit or for dis- 
tillation. Cleaning and distillation of inercury should be done only in a suitably 
equipped refining plant or chemical laboratory. Mercury shou ld be stored in 
glass containers. 

For additional information on the handling of inercury, Ref. 5 through 12 should 
be consulted. 

5.10 ~ A log should be kept of each individual barometer, recording installation, cleaning, adjustments, 
and other work done. 

5.11 Ambient Pressure Measurement: 

5.11.1 Where a barometer is used only for altimeter calibration, the slight pressurization of the shop area by 
air-conditioning equipment ha.s no effect. If, however, a barometer in a pressurized room is to be used 
for computation of the Altimeter Setting QNH, or for comparison with Weather Bureau or other ba.rom- 
eters in terms of QFE, QFF, or QNE, there should be provisions for connecting the cistern to a pres- 
sure-tight line leading to a static port outside of the building. Ref. 2 gives construction details. 

5.11.2 Definitions and procedures for computa.tion of QFE, QFF, QNE, and QNH can be found in Refs. 2 a.nd 13. 

5.11.3 For QNH computations and for comparisons, it is essential to know the height of the barometer(s). In 
order to make clear the relationships between the elevations and reference pla.nes which need to be 
known, it is suggested that a diagram similar to Fig. 1 be made. Mean Sea Level 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 confusiori in terminology. 

5.11.4 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 tha.t the readings may be comparable, 
and that a mutually convenient schedule ha.s been set up for simultaneous readings. 

6. DESIGN OF NON-MERCURIAL WORHING BAROMETERS 

6.1 Description: Ba.rometers may be constructed using means other tha.n the weight of a column of inercury to 
esta.blish a preasure 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 fr'iction 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 resona.nt frequency varies with pressure are also being developed for this purpose. 

6.,~ Application: There is no objection to use of non-mercurial barometera for altimeter or air data computer 
calibration, although those of the spring force type may require more frequent comparison to a reference 
barometer than gravity reference types. 

7. DESIGN OF NON-MERCURIAL REFERENCE BAROMETERS 

7.1 Description: Reference barometers may also be of non-mercurial design, although with certain qualifica- 
tiona related to long-term stability. 

7.2 Application: 

7.2.1 Non-mercurial barometers of the gravity reference or piston ga.uge type may be used as reference barom- 
eters provided they axe arranged for direct application of the dead-weight to the piston, without inter- 
vening mechanism, such as balance beams or interpolating devices. 

7.2.2 Non-mercurial barometers of the spring force type are not considered suitable for reference use. 

8. INSTALLATION AND OPERATION OF NON-MERCURIAL BAROMETERS 

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

8.2 Temperature Effects: Non-mercurial barometers, particularly those of the spring force reference types, 
are susceptible to temperature errors. All precautions advised by the manufacturer should be observed. 
Where it is found, for example, that the introduction of air appreciably colder than the sensing element 
causes a calibration shift, it may be necessary to install a preheater in the line to the barometer. 

8.3 Stability: Non-mercurial barometera of the spring force type require frequent comparison to a reference 
barometer, the frequency being dependent upon stability. For a barometer whose stability has not yet been 
established in the location in which it is used and by the people by whom it is used, the frequency should at 
first be daily. If the instrument appeaxs stable, this may be lengthened to semi-weekly and then to weekly 
as experience is built up. 	 ~ 	 " 

9. COMPARISONS 

9.1 Requirement: Periodic comparisons of worlang barometers to a reference barometer are necessary to de- 
tect and correct any tendency to drift of calibration. 

9.1.1 Possible causes of drift of inercurial barometers may include fouling of glass and/or mercury, loss of 
mercury due to vaporization into reference va.cuum, adhesion of bubbles to glass, slippage of inechanical 
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 inechanical parts, friction, fatigue or other changes in elastic properties of spring 
elements, etc. See also 8.3. 

9.1. 3 For compa.rison with Weather Bureau barometers, see 5.11.4. 
., 
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9.2 Daily Comparison of Worldng Ba.rometers: The following steps should be taken each .  working day: 

a) Check that va.cuum gauges rea.d lesa 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) If spread of readings is greater tha.n 0. 005 in. Hg (or 0.13 mm Hg) take corrective action. 

9. 3 Weekly Comparison with Reference Ba.rometer; The following steps should be taken early each week: 

a) Visually exa.mine each mercurial barometer for fouling of glass and mercury and for other 
visible conditions that could affect accuracy. 

b) Check bubble levels to assure tha.t barometer is properly levelled and plumbed. 

c) Check that barometer is at intended temperature and/or tha.t the compensator is correctly 
set. Check that the gravity compensator (if fitted) is correctly set. 

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

e) Where reference and worldng baxometers are close together, say within 20 ft (or 6 m), 
connect them together and to a vacuum source, with tubing. 

t~ Apply vacuum to bring reference barometer to a aetting about 3 in. (or 75 mm) below 
a.mbient pressure. Example for a sea level location: 27.000 in. (or 685. 80 mm). 
Record reading of working barometer. ff working barometer is not within 0. 003 in. 
(or 0.08 mm) of reference barometer, take corrective action. 

g) Where reference and working barometers are not close to each other, a transfer stan- 
dard should be used. After the transfer standard has been calibrated to the reference 
barometer and the working barometers have been compared to the transfer standard, 
the transfer atandard should again be calibrated to the reference barometer. 

h) Where the reference a.nd working barometers axe not at the same height, apply cor- 
rections as detailed in Ref. 2. 

9.4 Calibration Check After Cleaning: After cleaning and refilling a working barometer, or doing any other 
work which could cause any change of calibration: 

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

b) Record readings. 

9.5 Annual Check of Reference Ba.rometer: Each year calibrate reference barometer against basic standards; 
in the case of inercurial barometers, by readings of true incli (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. 

10. REFERENCES 

1. "Mercury Ba.rometers and Ma.nometers", Brombacher, Johnson, and Cross, National Bureau of 
Standards Monograph 8, Washington, 1960. 
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