
THE FAI BALLOONING COMMISSION – C.I.A



RULES FOR VOLUME CALCULATION IN FAI SPORTING CODE

14 February 2000

A. 
EQUIVALENCE OF GASES

(Changes compared to earlier versions are underlined)

Sporting Code Section 2, 1970

2.1.3
EQUIVALENCE OF GASES

The categories of free balloons listed in article 2.1 apply to balloons filled with coal gas.

(HÅ note: Article 2.1 lists both sub-class A, Gas Balloons and sub-class AX, Hot Air Balloons.)

For balloons filled with some other gas, the category shall be that of a balloon which, filled with coal gas, would have the same lift.

When an organising committee supplies coal gas for a contest, the lift of this gas shall be reckoned at 0.700 kg; it shall be the same for all individual ascents or attempts on records for which inflation has been effected with gas coming from a gasworks. In all other cases, the lifting force of the gas shall be measured.

The lift shall be calculated at normal atmosphere pressure at sea level and no account shall be taken of the place of the ascent nor of the atmospheric conditions at the time of the ascent.

By taking 0.700 kg as the lifting force of coal gas, it is possible to arrive at the imaginary cube determining the category of a balloon filled with another gas by multiplying the actual cubical capacity of the balloon by the lift on the gas with which the balloon is filled and dividing by 0.7, the lifting force of coal gas.

Example: a balloon of 1500 m3 inflated with hydrogen (lifting force 1.050 kg) would correspond to a balloon of:


  1500 X 1.050  
= 2,250 m3

0.7
inflated with coal gas and would come, in the eighth category.

Sporting Code Section 1, 1978

2.1.3
EQUIVALENCE OF GASES

2.1.3.1 SUB-CLASSES AA & AS

The categories of free balloons listed in Sub-class AA & AS apply to balloons filled with coal gas. 

For balloons filled with some other gas, the category shall be that of a balloon which, filled with coal gas, would have the same lift.

When coal gas is supplied for a sporting event or a record attempt, the lift of this gas shall be reckoned at 0.700 kg per cubic metre (0.68 daN); it shall be the same for all individual ascents for which inflation has been effected with gas coming from a gaswork.

For balloons filled with hydrogen, the lift will be reckoned at 1.140 kg per cubic metre (1.118 daN). For balloons filled with helium the lift will be reckoned at 1.056 kg per cubic metre (1.035 daN). In all other cases the lifting force of the gas shall be measured. 

The lift shall be calculated at standard atmospheric conditions at sea level (15°C, 1013.25 mb) and no account shall be taken of the place of the ascent nor the atmospheric conditions at the time of the ascent.

By taking 0.700 kg as the lifting force of coal gas, it is possible to arrive at the imaginary volume determining the category of a balloon filled with another gas by multiplying the actual cubic capacity of the balloon by the lift of the gas with which it is filled and dividing by 0.7, i.e. the lifting force of coal gas.

Example : A balloon of 1 500 m3. inflated with hydrogen (lifting force of 1,140 kg) would correspond to a balloon of :


  1500 X 1.140  
= 2 443 m3

0.7
inflated with coal gas and would come in the eighth category.

2.1.3.2
Sub-classes AX and AM
No equivalence factor, or special tolerance in the calculation of capacity, is used in determining size category for these sub-classes.

2.2
CLASS B: DIRIGIBLES – AIRSHIPS

2.2.3.
EQUIVALENCE OF GASES

For dirigibles filled with a gas other than heated air, the rules in paragraph 2.1.3.1 apply.

Sporting Code Section 1, 1980

No significant changes

Sporting Code Section 1, 1987

2.1.3.1
Sub-class AA            .
…..

When coal gas is supplied for a sporting event or a record attempt, the lift of this gas shall be reckoned at 0.700 kg per cubic metre (0.687 daN); it shall be the same for all individual ascents for which inflation has
For balloons filled with helium the lift will be reckoned at 1.056 kg per cubic metre (1.036 daN). 

…..

Example : A balloon of 1 000 cu.m. inflated with hydrogen would correspond to a balloon of :



(1 000 x 1.140 / 0.7 ) / 1.05= 1 551 cu.m. 

(HÅ note: This example is wrong. Division shall not be made with 1.05)

2.1.3.2
SUB-CLASSES AX, AM, AS AND AT
No equivalence factor, or special tolerance in the calculation of capacity, is used in determining size category for these sub-classes.

2.1.3.3
RECATEGORISATION OF OLD RECORDS IN SUB-CLASS AS

Records in sub-class AS based on the coal-gas equivalence rules will be recategorised under 2.1.3.2. Where recategorisation results in two records in the same category, the inferior record will be deemed superseded.

2.2
CLASS B: DIRIGIBLES – AIRSHIPS

2.2.3.
EQUIVALENCE OF GASES

No equivalence factor is used in class B.

Sporting Code Section 1, 1991

Example corrected



1 000 x 1.140 / 0.7 = 1 629 cu.m. 

No other significant changes

Sporting Code Section 1, 1993

2.1.4
EQUIVALENCE OF GASES

2.1.4.1
Sub-class AA

2.1.4.1.1
The categories of free balloons listed in Sub-class AA shall apply to balloons filled with coal gas. 

2.1.4.1.2
For balloons filled with some other gas, the category shall be that of a balloon which, filled with coal gas, would have the same lift. When coal gas is supplied for a sporting event or record attempt, the lift of this gas shall be reckoned at 0.700 kg per cubic metre (0.687 daN); it shall be the same for all individual ascents for which inflation has been effected with gas coming from a gaswork. For balloons filled with hydrogen, the lift will be reckoned at 1.140 kg per cubic metre (1.118 daN). For balloons filled with helium the lift will be reckoned at 1.056 kg per cubic metre (1.036 daN). In all other cases the lifting force of the gas shall be measured. 

2.1.4.1.3
The lift shall be calculated at standard atmospheric conditions at sea level (15°C, 1013.25 hPa) and no account shall be taken of the place of the ascent nor the atmospheric conditions at the time of the ascent.

2.1.4.1.4
By taking 0.700 kg as the lifting force of coal gas, it is possible to arrive at the imaginary volume determining the category of a balloon filled with another gas by multiplying the actual cubic capacity of the balloon by the lift of the gas with which it is filled and dividing by 0.7, the lifting force of coal gas.

2.1.4.1.5
The calculation of cubic capacity in sub-class AA is subject to a special tolerance of +/- 5 %. 

Example : A balloon of 1 000 cu.m. inflated with hydrogen would correspond to a balloon of :



1 000 x 1.140 / 0.7 = 1 629 cu.m. 

inflated with coal gas and would be in the AA-7 category.

2.1.4.2
Sub-classes AX, AM, AS and AT

No equivalence factor, or special tolerance in the calculation of capacity, is used in determining size category for these sub-classes.

2.1.4.3
RECATEGORISATION OF OLD RECORDS IN SUB-CLASS AS

Records in sub-class AS based on the coal-gas equivalence rules will be recategorised under 2.1.3.2. Where recategorisation results in two records in the same category, the inferior record will be deemed superseded.

The rules for Sub-class A have not been changed since 1993.

The rules for Sub-class B have been renumbered but not changed since 1987.

For the records currently listed in Sub-class A the following lift values have been used:

For hydrogen:
Maximum
1.2390
(Weber 1953)



1.0977
(Kondratyeva 1939)



1.0850
(Bourlouski 1939)



1.0580
(Sinoveev 1941)


Minimum
1.0500
(Barnes 1964)

Current standard value is
1.1140
(Gerhardt 1995, Peter 1975)

For helium:
Correct value
1.0560
(Used for 12 record cases)


Minimum
1.0253
(Abruzzo 1980, Davies 1995 - 2 records)

For ammonium:

0.505
(Eidsness 1995)

SIZE CALCULATION and TOLERANCE RULE

In the early days all balloons that counted were (almost) spherical gas balloons. To simplify volume calculation, it was allowed to regard them as spheres and the dimensions of the equator diameter and one vertical meridian was used to establish the spherical radius if the difference in horizontal and vertical circumference was less than 5%.

(Changes compared to earlier versions are underlined)

Sporting Code Section 2, 1970

2.1.1
DETERMINATION OF CUBIC CAPACITY

The cubic capacity of free balloons is calculated from the dimensions of the equator and one meridian; it is established by means of the table below.

2.1.2
TOLERANCES

A free balloon shall be regarded as a sphere when the dimensions of the equator and one meridian do not differ by more than 5%. In such cases, the circumference adopted for the calculation of the cubic capacity of the balloon shall be the average of the circumference measured along the equator and that measured along a meridian.

When the dimensions of the equator and of one meridian differ by more than 5%, the cubic capacity shall be calculated according to the geometrical form.

Volumes shall be expressed in round figures to the nearest cubic metre

In the event of a dispute, a competitor may always demand that the volume be calculated according to the geometrical form.

HÅ note: The use of this method will result in a calculated volume that may be up to 0.1% greater than the geometrical volume. In fact a 46% difference in circumference would still not be enough to exceed a 5% error.

Then follows the table mentioned in 2.1.1 above. The table gave diameters and circumferences for various spherical volumes. Unfortunately it also gives the data for balloons with volumes 5% smaller and larger than each size category limit. This may have given the impression that rule 2.1.2 actually allowed volumes that were up to 5% larger than a size limit.

This misunderstanding of the tolerance rule is probably much older than 1970. Balloon manufacturers have since a long time deliberately made balloons with volumes exceeding size limits by exactly 5%.

Sporting Code Section 1, 1978

Tables of size categories AA, AX, AM and AS. BA, BX, BR and BM

These figures are subject to a tolerance of ± 5%

2.1.2
DETERMINATION OF CUBIC CAPACITY

The cubic capacity of free balloons is calculated from the geometrical form of the balloon when it has the greatest volume which it can achieve in flight.

Volumes shall be expressed in round figures to the nearest cubic metre.

2.2.2
DETERMINATION OF CUBIC CAPACITY

The cubic capacity of a dirigible is calculated from the geometrical form of the lifting gas containers. The category of a dirigible shall be according to the greatest volume of lifting gas that can be contained during flight. (New rule, dirigibles were not mentioned 1970)
Volumes shall be expressed in round figures to the nearest cubic metre.

Sporting Code Section 1, 1987

2.1.2
DETERMINATION OF CUBIC CAPACITY

The cubic capacity of free balloons shall be calculated from the geometrical form of the balloon when it has the greatest volume which it can achieve in flight. The volume shall be determined in figures rounded to the nearest cubic metre.

2.1.3.1
SUB-CLASSES AA (part)

The calculation of cubic capacity in sub-class AA is subject to a special tolerance of ± 5%.

2.1.3.2
SUB-CLASSES AX, AM, AS and AT

No equivalence factor, or special tolerance in the calculation of capacity, is used in determining size category for theese sub-classes.

2.2.2
SUB-CLASSES BA, BX, BR and BT

The cubic capacity of an airship is calculated from the geometrical form of the lifting gas containers. The category of an airship shall be according to the greatest volume of lifting gas that can be contained during flight. The volume shall be determined in figures rounded to the nearest cubic metre.

Rule about 5% tolerance removed for all dirigible classes.

Sporting Code Section 1, 1991

2.1.2
DETERMINATION OF CUBIC CAPACITY

The cubic capacity of a free balloon shall be calculated from the geometric form of every part of the balloon system when it has the greatest volume which it can achieve in flight. The volume shall be determined in figures rounded to the nearest cubic metre.

2.1.3.1
No change

2.1.3.2
No change

2.2.2
No change

Sporting Code Section 1, 1993

2.1.3
Old 2.1.2. No change

2.1.4.1.1.5
Old 5% rule from 2.1.3.1. No change

2.1.4.2
Old 2.1.3.2. No change

2.2.3
Old 2.2.2. No change

After 1993, the rules have remained unchanged.

B.
SIZE CATEGORIES

In the beginning there was no size categorization but there were separete records for Aerostats (Ballons sphériques) and Aeronats (Ballons dirigeables) - and even unmanned balloons. There were records for altitude, distance and duration both for balloons and airships and altitude for unmanned balloons (29040 meters on 5.11.1908). Probably also speed for airships. 

At some time, maybe already in 1905 but certainly in force around 1908 and also 1923, size classes were introduced but not the same as later A1-A10.


1905-......
......-1978
from 1978


A1
250 and less
AA1
250 and less



A2
250-400
AA2
250-400

Class I
up to 600
A3
400-600
AA3
400-600

Class II
601-900
A4
600-900
AA4
600-900

Class III
901-1 200
A5
900-1 200
AA5
900-1 200

Class IV
1 201-1 600
A6
1 200-1 600
AA6
1 200-1 600

Class V
1 601-2 200
A7
1 600-2 200
AA7
1 600-2 200

Class VI
2 201-3 000
A8
2 200-3 000
AA8
2 200-3 000

Class VII
3 001-4 000
A9
3 000-4 000
AA9
3 000-4 000

Class VIII
4 001-and above
A10
4 000-and above
AA10
4 000-6 000





AA11
6 000-9 000





AA12
9 000-12 000





AA13
12 000-16 000





AA14
16 000-22 000





AA15
22 000 and above





(From 1998: ”Above 22 000”)

The small change in wording for category 15 was made in 1998 to indicate that the upper limit was included in the size category but the lower limit was not. It was not felt nessesary to make the same clarification in categories 2 to 14 as anyone who was exactly on the limit would choose to be also in the lower category to be able to claim an extra category record.

Maybe some old records were incorrectly classified when they were converted to the newer size categories or maybe my information about geometric volumes are wrong.

I have no actual rule information between 1914 and 1970.

For a long time the only record for airships was distance in a straight line without landing. Absolute records were the best record for any type of aircraft. Thus the altitude record for balloons was also the Absolute World Altitude Record for any type of aircraft.

Class AX was introduced some time before 1970, probably around 1965 when the modern HAB became common in USA. There are many early records set 1965 and 1966.

In 1978 classes AM and AS were introduced and A was renamed AA. The number of size categories were increased to 15. Four different airship sub-classes and 11 size categories for airships were introduced. 1979 the sizes for airships were slightly changed and the same limits as for class A was used but the 14 smallest were paired and the number of categories were reduced to 7. Then 3 categories above 25000 m3 were added. Thus now 10 size categories are used.

In 1987 sub-class AT was introduced and BM was changed to BT.

From 1987 the CIA intention has been to have separate absolute records for class A and B but it was difficult to have this intention implemented by FAI.

Sources used:

List of current records

FAI list of aviation records 31.12.1910

Yearbooks of the Swedish Aeronautic Society 1909, 1910 and 1920

FAI Bulletin 112/1973 containing all valid aviation records June 1973

FAI list of records 1978, 1984, 1986, 1992, 1993 and March 1995

Der Freiballonsport in Deutschland vor dem 1 Weltkrieg.

(Free balloon sport in Germany before the first World War) by Ulrich Hohmann, 1994.

Sporting Codes 1930, 1970, 1978, 1979, 1980, 1983, 1987, 1991, 1993, 1994, 1995, 1996 and 1998.

The following old record could be worth checking

1932-08-18

Auguste Piccard, SUI
(1884-1962)
Max Cosyns


F.N.R.S. I. Hydrogen
14 000 m3
494 405 cu ft
16 201 meters
(53 153 feet)

If the volume is correct, the equivalent volume with the present conversion factor is 22 800 and is just above limit for size category 14. With old conversion factor it is size 14.

Note: The checking of the FAI file for this record was examined during April/May 2000. As a result this old record that was removed about 1938 has now been returned to the list of current records.
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Hans Åkerstedt


