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RECORD OF SPECIFIC RESERVATIONS 
 
 
 

[nation] [detail of reservation] 

CZE CZE Armed Forces do not use cluster munitions according to the Act 
No. 213/2011 Coll., in valid statues at large. 

HRV STANAG 4119 (3) the DRAFT shall be accepted with delay, in a way 
that the standard shall be applied in units using PzH 2000 HRV and 
other artillery weapons in accordance with the Joint Ballistic 
Memorandum of Understanding (JBMoU). 

  

  

  

  

  

  

  

  

  

  

  

  

 

Note: The reservations listed on this page include only those that were recorded at time of 
promulgation and may not be complete. Refer to the NATO Standardization Document 
Database for the complete list of existing reservations. 
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CHAPTER 1 INTRODUCTION 

 
1.1. AIM 
 
1. The aim of this agreement is to describe standardized requirements for the 
development and publication of tabular firing tables for artillery and appropriate 
mortar cartridges in both complete and abridged formats. 
 
1.2. AGREEMENT 
 
1. In adopting this agreement, nations agree to develop tabular firing tables for 
surface to surface weapons as described below and to publish these tables in the 
formats described in annexes E to Y.  
 
1.3. DETAILS OF AGREEMENT 
 
1.3.1 Background 
 
1. Tabular Firing Tables (TFTs) have been used for at least 100 years to 
calculate the quadrant elevation (QE), bearing and fuze setting used in firing a 
projectile to engage targets at a specified range from a gun position. Using a format 
established by the 1930s, TFTs allow for the standardized calculation of the required 
gun orders based on the projectile muzzle velocity, projectile weight, projectile 
ballistic characteristics, atmospheric conditions, and the difference in elevation 
between gun and target positions. Use of a standardized format allows for the 
exchange of TFTs between national artillery staffs. TFTs are safety-critical as an 
error in them can result in a projectile impacting a considerable distance from the 
intended location. 
 
2. The format of TFTs was established prior to the advent of digital computers 
and was intended to allow for their use by gunners in carrying out manual 
calculations of artillery fire-control solutions. With the general use of computer 
software to determine fire-control solutions, the role of TFTs has changed to one of 
manual backup for software-based fire-control solutions. TFTs are also employed to 
support exchanges of weapons, cartridges, and fire-control data between nations. 
 
3. The intent of this AOP is to describe the application of the reference 
STANAGs to the development of TFTs in both complete and abridged formats, 
computed using the NATO Modified Point Mass (MPM) trajectory model (STANAG 
4355) and Tabular Firing Table (TaFT) S4 software. Included are descriptions of the 
format of each table and definitions for the terminology employed. 
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1.3.2 Use and Development of Tabular Firing Tables 
 
1. The intent of TFTs is to provide, through a manual, non-software-based 
process, accurate fire-control solutions for specified conditions. Use of the full-format 
tables requires specialist training; the abridged format tables may be used without 
specialist training. Each table is generated using a stand-alone algorithm and Fire 
Control Input (FCI) data obtained in accordance with STANAG 4144. It is important to 
note that the fire-control solutions obtained are accurate for statistical groups of 
rounds and not for single rounds. 
 
2. Trajectories are computed using the NATO MPM trajectory model (STANAG 
4355) with use of the NATO Armament Ballistic Kernel (NABK – AOP-37) being 
recommended, although not essential. TFTs may be generated for all projectiles 
whose trajectories may be computed using the MPM model. The formats provided 
below are, however, only applicable to artillery and mortar weapon systems. 
 
1.3.3 Probable Errors 
 
1. An important component of a fire-control solution is the probable error (PE) 
associated with it. The term ‘probable error’ is defined in AAP-6 as “the error in 
range, deflection or in radius, which a weapon may be expected to exceed as often 
as not”. It is important to note that the PE is a measure of the variance of the fall-of-
shot around the mean point of impact, and not of the uncertainty in the impact 
location of the first round fired. The PE values provided in the tabular firing tables 
must, for weapon/cartridges included in the NABK, be compatible with the PE terms 
in the NABK database. 
 
1.3.4 Abridged Format Firing Tables 
 
1. A single abridged-format table (Annex V) may be prepared for standard 
meteorological conditions (the ICAO Standard Atmosphere), standard muzzle 
velocity with a propellant at 21 degrees Celsius, and standard projectile weight. For 
the specified standard conditions, fire-control solutions obtained using this table will 
have the same accuracy as those obtained using the complete-format tables. 
Abridged-format tables may be used for safety checks of software-based fire-control 
solutions, preparation of safety templates, and engineering analyses of gun system 
ballistics. 
 
1.3.5 Graphical Firing Tables 
 
1. Nations may employ graphical firing tables prepared to national formats. While 
these tables must be produced using the NATO MPM trajectory model and FCIs 
obtained using STANAG 4144, fire-control data will not, however, be exchanged 
using graphical firing tables. 
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1.3.6 Existing Tabular Firing Tables 
 
1. All TFTs approved for national use prior to promulgation of this agreement 
may be used for the exchange of fire-control data between nations. Wherever 
possible, nations shall endeavour to ensure compatibility between these TFTs and 
cartridge/projectile FCIs in the NABK database. 
 
1.3.7 Language of Tabular Firing Tables 
 
1. Tabular firing tables may be prepared in English, French, or a national 
language. If prepared in a language other than English or French, a glossary of the 
Annex D terms shall be prepared providing the English and French equivalents. 
 
1.3.8 Calculation of Solutions for Illuminating Projectiles 
 
1. Corrections for non-standard conditions are not required in obtaining solutions 
for illuminating projectiles. The ranges to fuze function and projectile functioning, 
respectively, must be provided if they are different. 
 
1.3.9 Calculation of Fire-Control Solutions for Cargo Projectiles 
 
1. Fire-control solutions for cargo projectiles are generally obtained using one of 
two table format options described in Annex T or Annex U. The first option requires 
use of Table F to correct the fire-control solution for non-standard conditions. The 
second option involves starting with the quadrant elevation obtained using the Part 1 
tables for the reference projectile, including corrections for non-standard conditions. 
 
1.3.10 Corrections for the Effects of Surface Winds to Submunition Trajectories 
 
1. Nations may employ the format of Annex U to calculate the trajectories of the 
ejected submunitions, including the effect of near-surface wind, or use a less precise 
technique to estimate the mean impact location of the ejected submunitions. 
 
1.3.11 General Requirements for Firing Table Formats 
 
1. Nations may change the fonts and other details of the formats of the firing 
tables, as presented in annexes to this agreement, so long as procedures for their 
use, location of rows and columns on the page, and other functional features will not 
be affected. 
 
1.3.12 Summary of Tables and their Function 
 
1. Charge Selection Table. The charge selection table provides the probable 
error in range when firing single lots of propellant. The purpose of the table is to allow 
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for selection of the charge providing the lowest probable error in range for the desired 
range to target (shaded cells). 

 
2. Table A lists the meteorological conditions (MET) line numbers of the 
standard ballistic MET message; and the elevations which give a vertex height from 
the midpoint of the line below to the midpoint of the line above, at angle of sight zero. 
 
3. Table B gives complementary range (non-rigidity) corrections. The entry 
arguments for the table are map range and difference in altitude between gun and 
target. The correction must be applied to map range, to give an ‘entry range’ with 
which to enter the remaining tables. In addition, the table indicates the MET line in 
which the vertex of the trajectory will occur. This is the MET line from the standard 
Ballistic MET message to be used for obtaining all MET corrections for the mission. 
Low angle data is separated from high angle data by thickened horizontal lines. Thick 
vertical outside border indicates the remainder of high angle data. 
 
4. Table C is a standard table for all guns at all charges. It resolves a one knot 
vector wind into cross wind and range wind components. These are multiplied by the 
actual wind speed to get the true cross wind and range wind components with which 
to enter Table F. 
 
5. Table D gives corrections for temperature and density for a difference in 
height between the battery and the MET station. Two formats are available. 
 
6. Table E gives the correction to be applied to muzzle velocity as a result of 
non-standard charge temperature. Muzzle velocity must be corrected for charge 
temperature before obtaining the muzzle velocity correction to range from Table F. 
 
6. Table E.1 is included, if appropriate, to give the correction to range as a result 
of non-standard rocket-assist motor or base burn unit temperature. 
 
7. Table F defines the performance of the gun under standard conditions for 
every 100 metres of range from zero through maximum, to minimum range high 
angle, and gives corrections for non-standard conditions. The table is in two parts on 
facing pages. Table F defines the performance of the weapon in terms of range, 
elevation, time of flight and fuze setting under standard conditions, and gives basic 
data which includes corrections to bearing for drift and cross wind. Table F gives 
corrections to range for non-standard conditions. Low angle data is separated from 
high angle data by horizontal dotted lines. Thick vertical bars are used to sideline 
high angle data. 
 
8. Table G gives data which supplements that of Table F. The listings are less 
frequent than in Table F, usually 500 or 1000 metres, and are arranged in such a 
way as to fit the complete table on a single page. Low angle data is separated from 
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high angle data by horizontal dotted lines. Thick vertical bars are used to sideline 
high angle data. 
 
9. Table H gives the correction to range to compensate for the rotation of the 
earth. The entry arguments for the table are range and bearing in order to establish 
the range correction at the equator (0° latitude). The actual correction required is a 
function of cosine (latitude). A supplementary table listing cosines every 10 degrees 
is included below the main table. The correction established from the main table is to 
be multiplied by the appropriate latitude correction to establish the true correction to 
range. 
 
10. Table I gives the correction to bearing to compensate for the rotation of the 
earth. There are eight tables of identical layout, one for every ten degrees of latitude 
from 0° to 70°. The entry arguments for each table are range; bearing, and 
hemisphere (North or South). 
 
11. Table J is included, if appropriate, to give corrections to time fuzes for non-
standard conditions. The entry argument for this table is fuze setting. 
 
11. Table J.1 is included, if appropriate, to give corrections to time fuzes for non-
standard rocket-assist motor or base burn unit temperature. The entry arguments for 
this table are fuze setting and rocket-assist motor or base burn unit temperature. 
 
12. Table K, if required, gives the difference in fuze setting for a fuze other than 
that included in Tables F and J. The entry argument is fuze setting for the standard 
fuze. The correction from Table K is applied directly to it. 
 
13. Tables for Cargo Projectile. The tables are used to produce corrections to 
the bearing, quadrant elevation and fuze setting for a cargo projectile trajectory that 
will achieve submunition expulsion from the carrier projectile at the desired height, 
above and possibly short of the point of graze, which produce optimum target 
coverage and payload performance. 
 
14. Tables for Illuminating Projectile. The tables are used to produce 
corrections to the bearing, quadrant elevation and fuze setting for an illuminating 
projectile trajectory which requires the illuminant submunition to perform directly 
above the target location at a specific height. 
 
15. Table for Abridged Table, Basic Data. The information provided within the 
Abridged Table, Basic Data is the most sought after general data required especially 
in the planning phases of indirect fires. 
 
16. Table R, the MV Table for Bursting Shell. The Abridged MV Tables were 
developed as an alternative to the Graphical Firing Tables (GFT). Table R was 
developed for exploding/bursting projectiles. The MV columns, 2 to 7, are at intervals 
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of 4 metres per second covering the expected MV coverage of the life of a barrel. 
The 4 m/s intervals allow for the grouping of guns within a battery or fire unit 
 
17. Table S, the MV Tables for Carrier Shell. In conjunction with Table R, Table S 
was developed for cargo projectiles and are used in the same manner as Table R.  
 
18. Table T, the Illuminating Carrier MV Supplement Table, Elevation / Range To 
Impact. Table T was developed as part of the Table R and S package for cargo 
projectiles with an Altitude Up Correction applied. The Table simplifies the production 
of the Range to Impact for carrier projectile for Safety Board plotting. The MV 
columns are used in the same manner as Tables R and S. 
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ANNEX A PRINCIPLES 

 
 
A.1. STANDARD CONDITIONS 
 
1. The standard atmospheric conditions for which the firing table is constructed 
are those of the ICAO Standard Atmosphere as described in the Manual of the ICAO 
Standard Atmosphere (STANAG 4044; see also STANAG 4061). 
 
2. The earth is a homogeneous sphere. The Coriolis force is zero. 
 
3. Gravity acts along the vertical and has the value given in the Manual of the 
ICAO Standard Atmosphere. A latitude of 45 degrees is used for all calculations. 
 
4. Unless otherwise stated the reference altitude will be the zero altitude of the 
map system in use. 
 
5. The motion of a projectile is represented by a mathematical model that utilizes 
established aerodynamic functions, fitting factors and other parameters associated 
with the projectile and atmosphere, as described in AOP-4355. The aerodynamic 
functions for a particular projectile have given tabulated values which, in general, 
vary with Mach number, as described in AOP-65 
 
6. The parameters used in calculating projectile trajectories are determined from 
firings conducted in accordance with STANAG 4144 / AOP-65. 
 
7. A pre-assigned standard muzzle velocity is used. 
 
A.2. NON-STANDARD CONDITIONS 
 
1. Allowances are to be given for the following non-standard atmospheric 
conditions, described in the meteorological message format of STANAG 4061:  
 

a. Density of the air.  
 
b. Temperature of the air (the effect due to change in Mach number only to be 
included; the effect due to change in density is to be included in a.).  
 
c. Wind. 

 
2. Allowances for these and other non-standard conditions are to be made by 
means of corrections as described in Annex B. 
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ANNEX B DEFINITIONS 

 
 
1. The terms defined below are based on the concept of a curved earth and are 
generalized so that they may be used for any artillery weapon. They are derived from 
gunnery and ballistics procedures and are used in the preparation of tabular firing 
tables. Figures B-1 to B-4 illustrate the definitions of the trajectory-related terms 
presented below. 
 
2. The trajectory is the curve described by the centre of gravity of the projectile. It 
is, in general, a three-dimensional curve. To simplify the description of its elements, 
the following assumptions are made:  
 

a. The trajectory is a two-dimensional curve lying in a vertical plane.  
 
b. The terms “projectile” and “target” are considered as points.  
 
c. The term “weapon” refers to the trunnions and the term “origin” refers to the 
muzzle. 

 
Table B-1, Definitions of Lines 
 

(1) Weapon Axis 
The axis of the bore at the breech and taken as a straight 
line. 

(2) Muzzle Axis 
The axis of the bore at the muzzle and taken as a straight 
line. 

(3) Line of Sight 
The straight line passing through the weapon or instrument 
and the target. 

(4) 
Line of 
Departure 

The tangent to the trajectory at the commencement of free 
flight. In general this line should be deduced from elements 
measured at convenient points on the trajectory. 
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Table B-2, Definitions of Planes and Surfaces  
 

(5) Vertical Plane The plane containing the local gravity vector.  

(6) Horizontal Plane The plane normal to the local gravity vector. 

(7) 
Vertical Plane of 
Sight 

The vertical plane containing the line of sight.  

(8) 
Lateral Plane of 
Sight 

The plane passing through the line of sight, at right angles 
to the vertical plane of sight. 

(9) 
Vertical Plane of 
Fire 

The vertical plane containing the muzzle axis before firing. 

(10) 
Vertical Plane of 
Departure 

The vertical plane containing the line of departure.  

(11) Level Surface 

The level surface of a reference point is the surface of a 
sphere tangential to the horizontal plane through the 
reference point with a radius equal to the mean radius of 
the Earth plus the altitude of the reference point. The radius 
of the Earth is taken to be 6356766 m. 

 
 
Table B-3, Definitions of Vertical Distances 
 

(12) Height 
The distance measured along the local vertical line 
between a reference level surface and a given point. 

(13) Altitude 
The height of a point with respect to mean sea level, as 
given by the map system in use. 

 
 
Table B-4, Definitions of Particular Points of the Trajectory 
 

(14) Vertex 
The point on a trajectory at which the vertical component of 
velocity is zero. 

(15) 
Point of Graze 
(Point of Fall) 

The point of intersection between the trajectory and the 
weapon level surface. 

(16) Point of Impact The point at which a projectile first strikes an object. 

(17) Zero Target 
The vertical projection of a target on the weapon level 
surface. 
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Table B-5, Definitions of Distances 
 

(18) Slant Distance 
The distance between two points measured along the 
straight line joining them. 

(19) 
Horizontal 
Distance  

The horizontal distance of a point B from a point A is the 
orthogonal projection of the slant distance between A and B 
on the horizontal plane through A. 

(20) Level Distance 

The level distance of a point B from a point A is the 
distance, measured along the great circle between A and 
the orthogonal projection of B on the level surface through 
A (in particular the level distance from the weapon (A) to a 
point (B) on the trajectory). 

(21) Range 
The level distance from the weapon to the level point or the 
start point for determining a fire-control solution using 
tabular firing tables. 

(22) Map Range 
The value of the level distance furnished by the map grid in 
use. 

(23) 
Range for no 
Fuze Function 

The range from the weapon to the impact location when the 
fuze fails to function. 

(24) 

Range for no 
rocket motor or 
base-burn 
function 

The range from the weapon to the impact location when the 
rocket motor or base-burn unit fails to function. 

(25) 
Range to mean 
submunition 
impact location 

The range from the weapon to the mean point of impact of 
the submunitions ejected from a cargo projectile 

(26) 
Range to 
canister impact 

The range from the weapon to the point of impact of the 
empty canister. 

 
 
Table B-6, Definitions of Angles 
 

(27) Angle of Sight 
The vertical acute angle measured from the horizontal 
plane passing through the weapon or instrument to the line 
of sight. 

(28) 
Angular Height 
Difference 

The angular height difference of a point B from a point A is 
the angle, the tangent of which is the altitude of B minus 
the altitude of A divided by the level distance of B from A. 

(29) Elevation 
The vertical acute angle measured from the horizontal 
plane passing through a weapon or instrument to its axis. 

(30) 
Firing Table 
Elevation 

The elevation at which the gun is required to be laid under 
standard firing table conditions to achieve the objective 
stated in the firing table. 
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Table B-6, Definitions of Angles, continued 
 

(31) 
Tangent 
Elevation 

The vertical component of the acute angle measured from 
the line of sight to the weapon axis. 

(32) 
Angle of 
Departure 

The vertical acute angle measured from the horizontal 
plane passing through the weapon to the line of departure. 

(33) 
Angle of 
Projection 

The vertical component of the acute angle measured from 
the line of sight to the line of departure. 

(34) Jump 
The vertical component of the acute angle measured from 
the muzzle axis before firing to the line of departure. 

(35) Droop 
The vertical component of the acute angle measured from 
the weapon axis to the muzzle axis. 

(36) 
Lateral Jump or 
Throw-off.  

The lateral component of the acute angle measured in the 
horizontal plane from the muzzle axis before firing to the 
line of departure. 

(37) 
Quadrant 
Elevation 

The elevation at which the gun is required to be laid under 
the prevailing conditions to achieve the desired objective. 

(38) 
Correction for 
Angular Height 
Difference 

The angular value which should be added to the quadrant 
elevation corresponding to the zero target, to correct for the 
angular height difference between the target and the 
weapon. 

(39) 
 

Inclination of the 
Trajectory 

The vertical acute angle measured from the local horizontal 
plane passing through a given point on the trajectory to the 
orientated tangent to the trajectory at this point. 

(40) 
Angle of Fall 
(Angle of 
Descent) 

The inclination of the trajectory at the level point; the sign 
being positive.  

(41) 
 Angle of 
Incidence.  

The acute angle between the normal to the plane tangential 
to the surface struck and the tangent to the trajectory at the 
point of impact. 

(42) Angle of Impact.  The complement of the angle of incidence.  

(43) 
Projectile 
Deflection 

The horizontal angle measured from the vertical plane of 
fire to the vertical plane through the weapon and containing 
a specified point along the trajectory.  

(44) Drift That part of projectile deflection due to axial spin. 
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Table B-7, Definitions of Others Terms 
 

(45) Time of Flight 
The time taken by a projectile to travel between the origin 
and a specified point on a trajectory. 

(46) 
Muzzle 
Velocity 

A velocity at the muzzle deduced by extrapolation from the 
velocity of a projectile measured at a convenient point on its 
trajectory 

(47) Probable Error 
The error in range, deflection or in radius, which a weapon 
may be expected to exceed as often as not (AAP-6). 

(48) Fork 
Fork is a change in elevation in mils necessary to move the 
mean point of impact four times the probable error in range 
on the level surface. 

(49) Perturbation 
Any difference between a non-standard and a standard 
condition is a perturbation. 

(50) Effect 

Any change in the magnitude of a function (elevation, level 
distance, height, time of flight etc.) due to one or more 
perturbations (muzzle velocity, wind, density, etc.) with fixed 
values for two independent variables (level distance and 
height, elevation and height, etc.), e.g. the change in time of 
flight due to a perturbation in density for fixed values of 
elevation and height. 

(51) Corrections. 
Any change in the magnitude of a function that is required to 
compensate for one or more effects in order to achieve a 
desired objective. 

(52) 
Standard 
Trajectory 

A trajectory obtained by calculation under standard firing 
table conditions with given fitting factors and aerodynamic 
coefficient variations. 

(53) 
Perturbed 
Trajectory 

A trajectory obtained by calculation under perturbed 
meteorological and ballistic conditions with given fitting 
factors and aerodynamic coefficient variations. 

(54) 
Realized 
Trajectory 

The mean of the trajectories obtained by firing a limited 
number of rounds with the same firing data on one occasion 
under effectively the same meteorological and ballistic 
conditions with a given weapon and given ammunition. 

(55) 
 

Ideal Trajectory 
 

The mean trajectory which would be obtained by firing an  
infinite number of rounds with the same firing data under the 
same meteorological and ballistic conditions with a given 
weapon and given ammunition. 

(56) Height of Burst 
The height above the ground surface at the start of 
functioning of a time-fuzed projectile. 

(57) Time to Burst 
The time after muzzle exit at the start of functioning of a time 
fuzed projectile. 

(58) Range to Burst 
The range from the muzzle at the start of functioning of a 
time fuzed projectile. 
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Table B-8, Miscellaneous 
 

(59) 
MET Datum 
Plane  

The reference plane for the meteorological message data.  

 
Notes: 
 
1. In tabular firing tables the terms ‘site’ and ‘sight’ are used interchangeably. 
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ANNEX C DESCRIPTION 

 
1. Complete format Tabular Firing Tables shall conform to the conditions 
specified below. Abridged format firing tables for each charge system shall be 
prepared in the format of Annex V. 
 

a. Dimensions . The overall width and length of the firing table should be 
approximately that of the international paper size A5 i.e. 148mm × 210mm.  
 
b. Layout . 
 

(1) Indexing is to be provided to give easy access to charge and other 
sections.  
 
(2) Conventional algebraic signs are to be used throughout the tables.  
 
(3) Values with negative signs should be printed in red italics in those 
tables specified in paragraph c.(3) below.  
 
(4) Shading and distinctive markings are to be used in those tables 
specified in paragraph c.(3) below.  

 
c. Contents  
 

(1) Title page. The title page is to contain the following information:  
 

(a) Nomenclature of the cannon.  
 
(b) List of appropriate ammunition.  
 
(c) Standard conditions on which the data are based.  
 
(d) Table of contents.  

 
(2) Introduction. The introduction is to contain the following 
information:  
 

(a) A list of symbols and abbreviations used in the firing tables. 
NATO approved symbols are to be used where possible (see 
annex D for terminology and symbols).  
 
(b) Details of weapon characteristics (see Annex E).  
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(c) A table of projectile/fuze combinations and weights, obtained 
from AOP-29.  
 
(d) A table of equivalent full charge service rounds.  
 
(e) A table of wear data for the cannon.  
 
(f) A charge selection table (see Annex F).  
 
(g) Details of the drag and ballistic coefficients used in the 
construction of the tables or reference to documents containing 
such information.  
 
(h) Details of the values of the perturbations used in the 
calculation of the bilinear corrections given in the tables.  
 
(i) Other information according to national preferences  

 
(3) Part 1 Tables. The Part 1 tables, titled “Tables for the Reference 
Projectile”, contain Tables A to K. These tables give data for each 
charge for the principal projectile of a family, usually high explosive 
bursting shells.  In some cases, the tables may be generated to reflect 
air burst solutions for carrier/cargo shells. Alternatively, abridged tables 
may be provided when only summary information is required. 
 

(a) The title page of each section containing the tables for a 
given charge should give the standard muzzle velocity for which 
the tables are constructed, the appropriate jump and any other 
relevant information such as limitation on elevation.  

 
(b)  Part 1 tables may contain the Tables detailed in Table C-1. 
 

Table C – 1, Tables which may be included in Part 1.  
 

TABLE A MET Line Number as a function of Quadrant Elevation (see Annex G) 

TABLE B 

Complementary Range (or Complementary Elevation) and MET Line 
Number (see annex H)  
Correction to range (or elevation) for difference in altitude of target 
and gun, and MET Line Number to be used. For the definition of MET 
Line Number see STANAG 4061. The limits of “Difference in Altitude 
of Target and Gun" shown in the Annex may be changed according to 
national preference. Also the number of lines in each block of data in 
this and other tables shown in the annexes is a matter of national 
preference. Both the sign and value of negative numbers should be 
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printed in red italics. A distinctive marking is to be used to separate 
MET Line Numbers and a different distinctive marking to separate 
data for low angle from that for high angle. 

TABLE C 
Wind Components (see Annex I)  
Cross and range wind components of a one-knot wind.  

TABLE D 

Ballistic Air Temperature and Ballistic Air Density Correction (see 
Annex J).  
Corrections to ballistic temperature and ballistic density to 
compensate for the difference in altitude between battery and 
meteorological datum plane (MDP).  

TABLE E 
Propellant Temperature (see Annex K).  
Effects on muzzle velocity due to propellant temperature. Both the 
sign and value of negative numbers should be printed in red italics.  

TABLE E.1 

Corrections to Range for Rocket-Assist Motor or Base-Burn Unit 
Temperature (See Annex L). 
Corrections to range to compensate for variations in the propellant 
temperature of the rocket motor or base-burn unit. Both the sign and 
value of negative numbers should be printed in red italics. 

TABLE F 

Basic Data and Corrections (see Annex M). 
Basic data for standard conditions and corrections to bearing are 
given in Table F (left) and corrections to range for non-standard 
conditions in Tables F (right). Each page of Table F (right) should 
appear opposite the corresponding page of Table F (left). Both the 
sign and value of negative numbers should be printed in red italics. 
Columns indicated by shading in the example at annex M are to be 
distinctively marked. A distinctive marking is to be used to separate 
the data for low angle and high angle fire. 

TABLE G 

Supplementary Data (see Annex N)  
Probable errors and other terminal data. Both the sign and value of 
negative numbers should be printed in red italics. A distinctive 
marking is to be used to separate data for low angle and high angle 
fire. 

TABLE H 

Rotation of the Earth - Range (see Annex O)  
Correction to range to compensate for the rotation of the earth. A 
distinctive marking is to be used to separate data for low angle and 
high angle fire.  

TABLE I 

Rotation of the Earth - Bearing (see Annex P)  
Corrections to bearing to compensate for the rotation of the earth. 
Tables for each 10 degrees of latitude up to 70 degrees are to be 
given. A distinctive marking is to be used to separate data for low 
angle and high angle fire.  

TABLE J 

Corrections to Fuze Setting for Non-Standard Conditions (see Annex 
Q). 
Correction for non-standard conditions to be applied to the fuze 
setting corresponding to the corrected elevation. Both the sign and 
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value of negative numbers should, if possible, be printed in red. 
Columns indicated by shading in the example at Annex R are to be 
distinctively marked.  

TABLE J.1 

Corrections to Fuze Setting for Rocket-Assist Motor or Base-Burn 
Unit Temperature (See Annex R). 
Corrections to fuze setting to compensate for variations in the 
propellant temperature of the rocket motor or base-burn unit. Both the 
sign and value of negative numbers should be printed in red italics. 

TABLE K 
Data for Alternative Fuzes (see Annex S)  
Fuze settings or correction for alternative fuzes. Both the sign and 
value of negative numbers should be printed in red italics. 

Abridged 
Table 

Basic Data (See Annex V). 
The Abridged Table is a summary of ballistic trajectory basic data. 

TABLE R 

Abridged MV data for Bursting Projectile (See Annex W). 
Enabling groupings of guns within 4 m/s for bursting projectile, 
including the correction to range for 1 m/s and the effect of increasing 
the elevation by 1 mil. 

  
 

(4) Part 2 Tables. Data for other types of projectile, having ballistics 
differing from the principal projectiles is included in Part 2 of the tabular 
tables. Firing data for cargo (submunition) projectiles are to be provided 
in one of the two format options described in Annex T. Firing Data for 
illuminating shells, where these are to be included, should be given in 
Part 2 in the form shown in the example given in Annex U. Columns 
indicated by shading in the examples at Annexes U and X are to be 
distinctively marked. Tables S and T may be included within Part 2. 
 
 
(5) Appendices.  
 

(a) Other information, such as Trajectory Charts and a World 
Time Zone Map, which may be required according to national 
preference, should normally be included in appendices but may 
be added to particular tables where more appropriate.  
 
(b) If, in the case of a radically different weapon or ammunition, it 
is impracticable to use the standard format described in 
paragraph 1, the developing country may modify the format as 
necessary. The modified format should conform, as closely as 
possible, to the standard. 
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ANNEX D TERMINOLOGY AND SYMBOLS 
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ANNEX E WEAPON CHARACTERISTICS 

 
1. A table is to be provided with essential information on the weapon, the 
reference projectile and the reference fuze. An example of such a table is shown 
below. 
 
 

CANNON M284 

CARRIAGE Howitzer, M109 Series 

CALIBRE 155MM 

TWIST AT THE MUZZLE 1 turn in 20 Calibres 

LENGTH OF THE RIFLING 6086 MM 

TOTAL TRVAERSE 6400 MIL 

MAXIMUM ELEVATION 1300 MIL 

MINIMUM ELEVATION -32 MIL 

CHANGE IN ELEVATION FOR ONE 
TURN OF ELEVATING HANDWHEEL 

5 MIL 

REFERENCE PROJECTILE HE M107 

MASS OF REFERENCE PROJECTILE 43.091 KG 

MASS OF ONE SQUARE CORRECTION 0.499 KG 

REFERENCE FUZE PD M557 

MASS OF REFERENCE FUZE 0.998 KG 
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ANNEX F CHARGE SELECTION TABLE 

 
1. The charge selection table provides the probable error in range when firing 
single lots of propellant. The purpose of the table is to allow for selection of the 
charge providing the lowest probable error in range for the desired range to target 
(shaded cells).  An example of a Charge Selection Table is illustrated at Figure F – 1. 
 
 

. Projectile,  HE M222 Charge All . 

. Fuze,  PD M555 .  

Charge Selection Table 

  
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure F – 1, Example of the Charge Selection Table 

Range 
(X) 

Probable Error in Range (Ex) 
Charge (CH) 

1 2 3 4 5 
m m m m m m 

1000 7 6 7 9 12 
2000 13 8 9 11 12 
3000 20 10 11 14 15 
4000 26 17 13 16 17 
5000 33 22 15 19 20 
6000 41 27 17 21 22 
7000 . 32 20 23 24 
8000 . 40 23 25 27 
9000 . . 27 27 28 
10000 . . . 29 28 
11000 . . . 31 30 
12000 . . . 35 32 
13000 . . . . 34 
14000 . . . . 37 
15000 . . . . . 

16000 . . . . . 

16000 . . . . . 

15000 . . . . . 

14000 . . . . 40 
13000 . . . . 38 
12000 . . . 35 36 
11000 . . . 33 34 
10000 . . . 31 32 
9000 . . 30 29 31 
8000 . 30 26 27 . 

7000 . 26 25 26 . 

6000 43 22 23 . . 

5000 37 22 25 . . 
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2. The Charge Selection Table provides a manual means of selecting the 
optimum charge based upon the Probable Error in Range (PEr). 
 
3. The range column is generally at intervals of 500 M or 1000 M. The Map 
Range to the target is read down the left side of the table and the optimum charge 
selected using the highlighted block corresponding to the lowest value of PEr. 
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ANNEX G TABLE A – LINE NUMBERS OF BALLISTIC METEOROLOGICAL 
MESSAGE 

 
1. Table A gives the line numbers of the ballistic meteorological message 
(STANAG 4061) as a function of quadrant elevation. The line numbers correspond to 
predetermined standard heights. If quadrant elevation is known, or can be 
reasonably inferred, Table A should be used for line number determination. 
Otherwise, line numbers may be obtained from Table B as a function of range and 
height of target above the gun.  An example of Table A is illustrated at Figure G –1. 
 
 
 
 

 
 

Figure G – 1, Example of Table A 
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ANNEX H TABLE B – COMPLEMENTARY RANGE AND MET LINE NUMBER 

 
1. Table B has the range corrections corresponding to the complementary angle 
of sight, and line numbers of the meteorological message. The range corrections are 
tabulated as a function of range and height of target above the gun. For a target at 
some height other than zero, the complementary range correction is added to the 
map range to obtain a range to be used for entering Table F. The line number is 
tabulated in the margin of the table. Each particular line number is applicable to all 
target points lying between the thick dividing lines containing that number. An 
example of Table B, Left and Right Pages is illustrated at Figures H – 1 an H - 2. 
 



NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
ANNEX H TO 

AOP-55 

 
 H-2 Edition A Version 1 
   

NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
 

 
 

Figure H – 1, Example of Table B, Left Page. 
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Figure H – 2, Example of Table B, Right Page
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ANNEX I TABLE C – WIND COMPONENTS 

 
1. Table C has the components of a one knot wind, blowing from the chart 
direction, divided into two components: the cross wind, perpendicular to the plane of 
fire, and the range wind, parallel to the plane of fire. As a calculation, the chart 
direction is calculated by: 

 
Chart Direction = Wind Direction – Bearing Gun to Target 

 
These components are to be multiplied by the wind speed from the appropriate line 
of the MET message to obtain the total cross and range wind to be used in a 
particular fire mission. An example of Table C is illustrated at Figure I - 1. 

 
Figure I – 1, Table C, Wind Components
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ANNEX J TABLE D – BALLISTIC AIR TEMPERATURE AND BALLISTIC AIR 
DENSITY CORRECTIONS 

 
1. Table D lists the corrections to be added to the ballistic air temperature and 
the ballistic air density to compensate for the difference in altitude between the firing 
battery and the meteorological datum plane (MDP). Examples of Table D, 
Alternatives 1 and 2 are illustrated at Figures J – 1 and J - 2 
 
 
 
 
 
 

 
Figure J-1, Table D, Alternative 1 
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Figure J-2, Table D, Alternative 2 
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ANNEX K TABLE E – PROPELLANT TEMPERATURE 

 
1. Table E gives the changes in muzzle velocity produced by variations in the 
propellant temperature. Whenever possible, the temperature of the propellant itself 
should be taken, rather than assuming that it is the same as air temperature. The 
velocity effect obtained from this table is converted to a range correction by use of 
columns 10 or 11 in Table F. An examples of Table E is illustrated at Figure K – 1. 
 
 

 
Figure K-1, Example of Table E 
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ANNEX L TABLE E.1 – CORRECTIONS TO RANGE FOR ROCKET-ASSIST 
MOTOR OR BASE-BURN UNIT TEMPERATURE 

 

 
 

Figure L-1, Example of Table E.1
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ANNEX M TABLE F – BASIC DATA AND CORRECTIONS 

 
1. Table F is a compilation of the data required for the solution of the gunnery 
problem. The data are arranged in nine and eleven columns in Table F Left and Right 
Pages, each of which gives values for the various quantities as functions of the range 
tabulated in the first column of each table. Since these quantities are typically 
computed for a target at the point of graze, Table F applies primarily to targets at the 
same altitude as the gun. In it may be found sufficient information to produce a burst 
on a target at the point of graze. For targets above or below the point of graze, Table 
F is entered with a range first determined from Table B. In certain circumstances, the 
calculations and table headings can be adjusted to provide data for carrier / cargo 
shells that are expected to function above the target. An example of Table F, Left and 
Right Pages is illustrated at Figures M – 1 and M – 2. 
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Figure M-1, Example of Table F, Left Page, Basic Data and Corrections to Bearing. 
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Figure M-2, Example of Table F, Right Page, Corrections to Range for non-standard 
conditions 

 



NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
ANNEX M TO 

AOP-55 

 
 M-4 Edition A Version 1 
   

NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
 

2. Following is an explanation of the contents of each column of Tables F – Left 
and Right Pages: 
 
Column 1 – Range. The distance measured on the surface of a sphere concentric 
with the earth, from the muzzle to a target at the point of graze. This column is 
repeated on both the left and right pages. 
 
Column 2 – Quadrant Elevation. The angle of the gun in the vertical plane required 
to reach the range tabulated in column 1 in standard conditions. The maximum 
elevation shown represents the highest angle at which predictable projectile flight is 
possible under standard conditions of meteorology and material. This number varies 
with non-standard conditions of meteorology and material and is particularly sensitive 
to changes in range wind.  
 
Column 3 – Fuze Setting for Graze Burst. Numbers to be set on fuzes that will 
produce a graze burst at the point of graze when firing under standard conditions. 
This setting will produce a burst at the time of flight listed in column 7.  Calculations 
for air bursting carrier/cargo shells will provide the Fuze Setting to produce fuze 
function at the location specified to ensure optimum target effects.  
 
Column 4 – Correction to Fuze Setting to Change Height of Burst down by 10 
metres. The adjustment to fuze setting required to decrease the height of burst 10 
meters. To increase the height of burst 10 meters, change the sign of the value given 
in the table.  
 
Column 5 – Effect on Range for Increase of 1 MIL in Quadrant Elevation. The 
change in range corresponding to a one MIL increase in the quadrant elevation.  
 
Column 6 – Fork. The change in the angle of elevation necessary to produce a 
change in range at the point of graze equivalent to four probable errors in range.  
 
Column 7 – Time of Flight. The projectile travel time, under standard conditions, 
from the muzzle to the point of graze at the range in column 1.  
 
Columns 8-9 – Corrections to Bearing. The angular changes in the horizontal 
plane necessary to compensate for a departure of the projectile from the vertical 
plane of fire. Any deviation of the projectile from the vertical plane of fire is 
considered a deflection effect. The corrections tabulated in columns 8 and 9 are used 
in determining the change in the traverse angle needed to offset the effects of drift 
and cross wind, two of the phenomena which create a deflection effect. Although drift 
exists in a standard trajectory, it is assumed, for simplicity, to be a deflection effect. 
The correction for drift is to the left (right) for tubes with clockwise (counterclockwise) 
rifling. Most tubes have clockwise rifling.  
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Column 8 – Correction to Bearing for Drift. Because of the right hand twist of the 
barrel, the drift of the projectile is to the right of the vertical plane of fire. This drift 
must be compensated for by a correction to the left.  
Column 9 – Correction to Bearing for One Knot Cross Wind. Ballistic cross wind 
components may be from either the right or left, and the weapon must be traversed 
into the cross wind to compensate for the deflection effect (to the right for a cross 
wind blowing from the right of the plane of fire, to the left for a cross wind blowing 
from the left). In the wind components (Table C), the directions of the bearing 
corrections (right and left) are indicated by the letters R and L.  
 
Columns 10-19. Corrections to range to compensate for the effects of non-
standard conditions. Although the corrections given in column 10 to 19 are 
tabulated for a unit decrease and a unit increase in the non-standard conditions, they 
are actually mean values based on an expected decrease and increase in the non-
standard conditions. The columns of corrections for an increase in the non-standard 
conditions are shaded to aid in identification. A tail wind is considered to be an 
increase in wind for this purpose.  
 
Columns 10/11 –Range Correction for a Decrease (Increase) of one Metre per 
Second in Muzzle Velocity. Corrections to range to compensate for variations from 
the standard muzzle velocity that appears on the title page for each charge.  
 
Columns 12/13 –Range Correction for a Head Wind (Tail Wind) of One Knot.  
 
Column 10-19 – Correction Factors. In computing a standard trajectory it is 
assumed that no wind is blowing. Columns 12/13 give the corrections to range to 
compensate for the effect of the longitudinal wind (Head Wind or Tail Wind, denoted 
H and T, respectively).  
 
Columns 14/15 –Range Correction for a Decrease (Increase) of one Percent in 
Air Temperature. The drag that a projectile encounters is a function of Mach 
Number (ratio of the velocity of the projectile to the speed of sound). The drag varies 
appreciably with Mach Number, particularly for transonic flight. Since the speed of 
sound is a function of air temperature, it follows that changes in air temperature will 
change the Mach Number, thereby changing the drag and consequently the range. 
This effect is sometimes called the elasticity effect. It should not be confused with the 
distinctly separate effect which air temperature produces through its influence on air 
density.  The elevation tabulated in column 1 is computed in an ICAO standard 
atmosphere.  The real temperature at any given height is recorded and transmitted 
as a percent of the standard absolute temperature for that height. Columns 14/15 
allow to take into account the effect of a decrease (increase) of one percent in air 
temperature.  
 
Columns 16/17 –Range Correction for a Decrease (Increase) of one Percent in 
Air Density. Air density affects the drag exerted upon the projectile. Therefore, 



NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
ANNEX M TO 

AOP-55 

 
 M-6 Edition A Version 1 
   

NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
 

changes in air density will change the drag and consequently the range. The 
elevation tabulated in column 1 is computed in an ICAO standard atmosphere. The 
real air density at any given height, computed from the real air temperature and air 
pressure recorded at that height, is transmitted as a percent of the standard absolute 
density for that height. Columns 16/17 allow to take into account the effect of a 
decrease (increase) of one percent in air density.  
 
Columns 18/19 – Range Correction for a Decrease (Increase) of one Square in 
Projectile Mass. The elevation tabulated in column 1 is computed for the standard 
projectile mass. A decrease in projectile mass increases the muzzle velocity, the 
effect of which is to increase the range. But it also decreases the ballistic coefficient, 
the effect of which is to decrease the range. The combined effect may be either an 
increase or a decrease in range depending upon which individual effect is dominant. 
Under certain conditions these two effects tend to cancel each other.  
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ANNEX N TABLE G – SUPPLEMENTARY DATA 

 
1. Table G provides probable error values and other trajectory information, 
respectively, for the ranges and quadrant elevations tabulated in Table F. An 
example of Table G, Left and Right Pages is illustrated at Figures N – 1 and N – 2. 
 

 
 

Figure N-1, Table G, Left Page, Supplementary Data – Probable Error. 
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Figure N-2, Table G, Right Page, Supplementary Data – Trajectory Information. 
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2. Following is an explanation of the contents of each column of Tables F – Left 
and Right Pages: 
 
Column 1 – Range. The distance measured on the surface of a sphere concentric 
with the earth, from the muzzle to a target at the point of graze. This column is 
repeated on both the left and right pages. 
 
Column 2 – Quadrant Elevation. The angle of the gun in the vertical plane required 
to reach the range tabulated in column 1 in standard conditions. The maximum 
elevation shown represents the highest angle at which predictable projectile flight is 
possible under standard conditions of meteorology and material. This number varies 
with non-standard conditions of meteorology and material and is particularly sensitive 
to changes in range wind. The probable errors indicate the round to round variation 
of a single gun fired on a single occasion and the same propellant lot and do not 
reflect the variation of the mean of either a single gun fired on different occasions or 
different guns fired on the same occasion.  
 
Column 3 – Probable Error in Range at Graze. A value which, when added to and 
subtracted from the expected range, will produce an interval, along the line of fire, 
that should contain 50 percent of the rounds fired. Variations in muzzle velocity, in 
angle of departure, and in total drag during flight all contribute to the probable error in 
range to impact.  
 
Column 4 – Probable Error in Deflection at Graze. A value which, when added 
both to the right and to the left of the expected impact point, will produce an interval, 
perpendicular to the line of fire at the expected range, that should contain 50 percent 
of the rounds fired.  
 
Column 5 – Probable Error in Height of Burst. A value which, when added to and 
subtracted from the expected height of burst, will produce a vertical interval that 
should contain 50 percent of the rounds fired. The factors that contribute to the 
probable error in height of burst are not only those that produce dispersion in range 
to impact, but also those factors that contribute to variations in the functioning of the 
time fuze.  
 
Column 6 – Probable Error in Time to Burst. A value which, when added to and 
subtracted from the expected time to burst, will produce a time interval that should 
contain 50 percent of the rounds fired.  
 
Column 7 – Probable Error in Range to Burst. A value which, when added to or 
subtracted from the expected range to burst, will produce and interval, along the line 
of fire that should contain 50 percent of the rounds fired. The factors that contribute 
to the probable error in range to burst are not only those that produce dispersion in 
range to impact, but also those factors that contribute to variations in the functioning 
of the time fuze.  
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Column 8 – Angle of Descent. The acute angle measured from the horizontal to a 
line tangential to the trajectory at the point of graze.  
 
Column 9 – Cotangent of Angle of Descent. The trigonometric cotangent function 
of the angle of descent given in column 8.  
 
Column 10 – Remaining Velocity. The speed of the projectile at the point of graze.  
 
Column 11 – Max Ord. The maximum height of a trajectory fired under standard 
conditions by a gun at sea level.  
 
Columns 12/13 – Complementary Angle of Site/Sight for one MIL Angle of 
Site/Sight. The correction, which must be added algebraically to the actual angle of 
site to compensate for the non-rigidity of the trajectory. Use column 12 when the 
target is above the gun in altitude, column 13 when the target is below the gun.  
 
Column 14 – Range for Non-functioning of Rocket Motor or Base Burn Unit. 
The range that will be achieved if the on-board rocket motor or Base-Burn Unit does 
not function.  
 
Note. The left and right pages of Table G may be merged with columns 1 to 14 
positioned into a single table on a single page for User convenience. 
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ANNEX O TABLE H – ROTATION OF THE EARTH - RANGE 

 
1. Table H provides the range corrections required to offset the effects on range 
produced by the rotation of the earth.  The entry arguments for the table are range 
and bearing in order to establish the range correction at the equator (0° latitude). The 
actual correction required is a function of cosine (latitude). A supplementary table 
listing cosines every 10 degrees is included below the main table. The correction 
established from the main table is to be multiplied by the appropriate latitude 
correction to establish the true correction to range. The simple table of cosines is 
listed at the foot of the table to provide the correction. A working example of Table H 
is illustrated at Figure O – 1. 
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Figure O – 1, Table H, Rotation of the Earth, Range 

 
 

2. Extracting Data from Table H. The information required is Bearing and Range 
to Target and the Latitude of the gun position. In this working example, highlighted in 
yellow within Figure O – 1 the necessary data is: 
 

Bearing to Target 400 mils 
Range to Target 8000 metres 
Bty Latitude  50°N 
 

The extracted correction is -10+ metres 
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Entering the table from the top results in a negative correction, -10 metres. 
 
The correction is then adjusted for latitude by multiplying the correction by the 
Latitude Factor (cosine latitude), in this case 0.64 
 
The total correction is  -10  x  0.64  =   - 6.4 metres  
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ANNEX P TABLE I – ROTATION OF THE EARTH - AZIMUTH 

 
1. Table H provides the azimuth corrections required to offset the effects on 
orientation produced by the rotation of the earth.  Unlike Table H, there are separate 
tables for each 10° of Latitude. The entry arguments for the table are the latitude to 
select the relevant Table, range and bearing in order to establish the bearing 
correction from the said table. A working example of Table I is illustrated at Figure P 
– 1. 
 

 
Figure P – 1, Table I, Rotation of the Earth, Correction to Bearing 
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2. Extracting Data from Table I, Figure P - 1. Information required is Bearing and 
Range to Target and the Latitude of the gun position. In this working example, 
highlighted in yellow within Figure P – 1 the necessary data is: 
 

Bearing to Target 400 mils 
Range to Target 8000 metres 
Bty Latitude  40°N 
 

Select Table I for  40°N 
 
The extracted correction is L1.1R mils 
 
Entering the table from the top results in a Left correction, L1.1 mils. 
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ANNEX Q TABLE J – CORRECTIONS TO FUZE SETTINGS TO   
COMPENSATE FOR NON-STANDARD CONDITIONS 

 
1. Table J lists corrections to fuze settings to compensate for the effects of non-
standard conditions.  
 
2. Table J, Fuze Setting Correction Factors. The data are arranged in eleven 
columns, each of which gives values for the various quantities as functions of the 
fuze settings tabulated in the first column. Since all of these quantities have been 
computed for a target at the point of graze, Table J applies primarily to targets at the 
same altitude as the gun. In it may be found sufficient information to produce a graze 
burst on a target at the point of graze. For targets above or below the point of graze, 
Table J is entered with a fuze setting determined from Table F. Although the 
corrections given in columns 2 to 11 are tabulated for a unit decrease and a unit 
increase in the non-standard conditions, they are actually mean values based on an 
expected decrease and increase in the non-standard conditions. A tail wind is 
considered to be an increase in wind for this purpose. A working example of Table J 
is illustrated at Figure Q – 1. 
 



NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
ANNEX Q TO 

AOP-55 

 
 Q-2 Edition A Version 1 
   

NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
 

 
 

Figure Q – 1, Example of Table J, Fuze Setting Correction Factors 
 
3. For a detailed explanation of columns 2 to 11 of Table J, see the explanation 
of columns 2 to 11 in Table F (Left Page). In these explanations, substitute ‘range 
corrections’ with ‘fuze setting corrections’.  
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ANNEX R TABLE J.1 - CORRECTIONS TO FUZE SETTING FOR ROCKET-
ASSIST MOTOR OR BASE-BURN UNIT TEMPERATURE 

 
1.  Table J.1, Corrections to Fuze Setting for Rocket-Assist Motor or Base-
Burn Unit Temperature. Table J.1 may be produced as an alternative or in addition 
to Table J and provides corrections to fuze setting to compensate for variations in the 
propellant temperature of the rocket motor or base-burn unit.  
 
 

 
 

Figure R – 1, Example of Table J.1, Correction to Fuze Setting to for Rocket-Assist 
Motor or Base Burn Unit Temperature 
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ANNEX S TABLE K – DATA FOR ALTERNATIVE FUZES 

 
1. Where two fuzes are similar but are not matched, either ballistically or the 
timer units vary, or two similar projectiles are fitted with the same fuze, Table K 
provides the means of correcting a computed solution using the ‘known’ combination. 
 

 
 

Figure S – 1, Example of Table K, Data for Alternative Fuzes 
 
2. The following is an explanation of the contents of each column of the Firing 
Table for Data for Alternative Fuze: 
 
Column 1/2 – Fuze Setting for Standard Projectile. The range of fuze settings for 
the Standard Projectile to be corrected. 
 
Column 3 – Correction to Fuze Setting. The correction to be applied to the 
standard projectile fuze setting to achieve the ballistic solution for the specified 
Projectile and Fuze combination.  
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ANNEX T TABLES FOR CARGO PROJECTILES 

 
1. The tables for cargo projectiles, which are described in this annex, are in a 
section of the tabular firing tables titled Part 2, or in a separate addendum.  
 
T.1 Firing Tables for Cargo Projectile Based on Quadrant Elevation 
 
1. The tables below are used to produce corrections to the bearing, quadrant 
elevation and fuze setting for a cargo projectile trajectory that will achieve 
submunition expulsion from the carrier projectile at the desired height, above and 
possibly short of the point of graze, which will give optimum target coverage. The 
height is variable and quadrant elevation dependent. The solutions are calculated as 
a correction to the quadrant elevation obtained for the reference projectile using the 
Part 1 tables. The tables do not include possible fuze function at a specified self-
destruct time. Working examples of the Firing Table for Cargo Projectile (Quadrant 
Elevation) and associated Firing Table for Cargo Projectile (Fuze Setting) are 
illustrated at Figures T – 1 and T – 2. 
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Figure T – 1, Example of Firing Table for Cargo Projectile (Quadrant Elevation) 

 
2. The following is an explanation of the contents of each column of the Firing 
Table for Cargo projectile (Quadrant Elevation): 
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Column 1 – Quadrant Elevation. The elevation obtained through use of the Part 1 
tables for the required range. 
 
Column 2 – Correction to Quadrant Elevation for the Cargo Projectile. The 
correction to the standard projectile quadrant elevation to correct for trajectory and 
ballistics differences with the cargo projectile. 
 
Column 3 – Correction to Elevation for an increase of 50M in Height of Burst. 
The change in elevation required to adjust the height of burst of the projectile or the 
altitude of the target up 50M. 
 
Column 4 – Correction to Elevation for an increase of 100M in Range. The 
change in elevation required to increase the range to target by 100M. 
 
Column 5 – Correction for Low Level Wind of One Knot. The deflection of the 
cargo projectile submunitions for each one knot of low-level wind. 
 
Column 6 – Travel Time. The travel time, for the specified conditions, from launch to 
the impact of the submunitions on the ground. 
 
Column 7 –Range to Impact. The distance, measured on the surface of a sphere 
concentric with the earth, from the muzzle to a point at the same altitude, at which a 
projectile, whose fuze has not functioned (and, therefore, not ejected its 
submunitions) will impact. 
 
Column 8 – Correction to Deflection. The correction for the deflection obtained 
through use of the Part 1 tables for the required range. 
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Figure T – 2, Example of Firing Table for Cargo Projectile (Fuze Setting) 
 
3. The following is an explanation of the contents of each column of the Firing 
Table for Cargo projectile (Fuze Setting): 
 
Column 1/2 – Fuze Setting for Standard Projectile. The range of fuze settings for 
the Standard Projectile to be corrected. 
 
Column 3 – Correction to Fuze Setting. The correction to be applied to the 
standard projectile fuze setting to achieve the ballistic solution for the Cargo 
Projectile and Fuze combination.  
 
Column 4 – Correction to Fuze Setting for an increase in Height of Burst. The 
change in fuze setting required to adjust the height of burst of the projectile or the 
altitude of the target up 50M. 
 
Column 5 – Correction to Fuze Setting for an increase in Range. The change in 
fuze setting required to increase the range to target by 100M. 
 
 
T.2 Firing Tables for Cargo Projectile Based on Range to Target 
 
1. The tables below provide an alternative to those found in T.1 (based on 
Quadrant Elevation).  They are used to produce corrections to the bearing, quadrant 
elevation and fuze setting for a cargo projectile trajectory that will achieve 
submunition expulsion from the carrier projectile at the desired height, above and 
possibly short of the point of graze, which will give optimum target coverage. The 
height is variable and quadrant elevation dependent. The tables do not include 



NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
ANNEX T TO 

AOP-55 

 
 T-5 Edition A Version 1 
   

NATO UNCLASSIFIED 

Releasable to Interoperability Platform 
 

possible fuze function at a specified self-destruct time. A working example of the 
Firing Table for Cargo Projectile is illustrated at Figures T – 3. 
 

 
 

Figure T – 3, Example of Firing Table for Cargo Projectile 
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2. The following is an explanation of the contents of each column of the Firing 
Table for Cargo Projectile: 
 
Column 1 – Range. The distance measured on the surface of a sphere concentric 
with the earth, from the muzzle to a target at the point directly above the target at a 
specified height of graze. This column is repeated on both the left and right pages. 
 
Column 2 – Quadrant Elevation. The angle of the gun in the vertical plane required 
to reach the range tabulated in column 1 in standard conditions and at the specified 
height. The maximum elevation shown represents the highest angle at which 
predictable projectile flight is possible under standard conditions of meteorology and 
material. This number varies with non-standard conditions of meteorology and 
material and is particularly sensitive to changes in range wind. Shading of data boxes 
within columns 1 and 2 indicates fuze function during the ascending stage of the 
trajectory. 
 
Column 3 – Fuze Setting. Numbers to be set on fuzes that will produce a function at 
a specified time to produce optimum functioning of the payload at the specified height 
above the target location when firing under standard conditions. This setting will 
produce a burst at the time of flight listed in column 7 of table F.  
 
Column 4 – Correction to Bearing for Drift. Because of the right hand twist of the 
barrel, the drift of the projectile is to the right of the vertical plane of fire. This drift 
must be compensated for by a correction to the left. 
 
Column 5 – Correction to Elevation for an increase in Height of Burst of 50M. 
The change in elevation required to adjust the height of burst of the projectile or the 
altitude of the target up 50M. 
 
Column 6 – Correction to Fuze Setting for an increase in Height of Burst of 
50M. The change in fuze setting required to adjust the height of burst of the projectile 
or the altitude of the target up 50M. Note that the corrections can be positive or 
negative depending upon range and charge.  
 
Column 7 – Range to Fuze Function. It may be necessary for the fuze to function 
before reaching the trajectory point directly above the target location at the specified 
height to ensure optimum performance. The range to fuze function assists in the 
plotting of fuze function for safety purposes.  
 
Column 8 – Range to Impact. The range at which the projectile will continue until 
the trajectory reaches the point of graze in the event of fuze failure to function.  
 
Column 9 – Height of Fuze Function. The height of burst at fuze functioning of the 
carrier projectile above and possibly short of the point of graze. This column is not 
always included for projectile with a standard height of burst.
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ANNEX U TABLES FOR ILLUMINATING PROJECTILES 

 
1. This table should be used when supporting an illumination projectile which 
requires the illuminant submunition to perform directly above the target location at a 
specific height and not for a target at the point of graze. This table is based upon the 
range to the target. A working example of the Illuminating Projectile Table is 
illustrated at Figure U – 1. 
 

 
Figure U – 1, Example of Illuminating Projectile Table 
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2. The following is an explanation of the contents of each column of the 
Illuminating Cargo projectile tables: 
 
Column 1 – Range to Illumination. The distance measured on the surface of a 
sphere concentric with the earth, from the muzzle to a target at the point directly 
above the target at a specified height of graze. This column is repeated on both the 
left and right pages. 
 
Column 2 – Quadrant Elevation. The angle of the gun in the vertical plane required 
to reach the range tabulated in column 1 in standard conditions and at the specified 
height. The maximum elevation shown represents the highest angle at which 
predictable projectile flight is possible under standard conditions of meteorology and 
material. This number varies with non-standard conditions of meteorology and 
material and is particularly sensitive to changes in range wind. Shading of data boxes 
within columns 1 and 2 indicates fuze function during the ascending stage of the 
trajectory. 
 
Column 3 – Fuze Setting. Numbers to be set on fuzes that will produce a function at 
a specified time to produce optimum functioning of the payload at the specified height 
above the target location when firing under standard conditions. This setting will 
produce a burst at the time of flight listed in column 7 of table F.  
 
Column 4 – Correction to Bearing for Drift. Because of the right hand twist of the 
barrel, the drift of the projectile is to the right of the vertical plane of fire. This drift 
must be compensated for by a correction to the left. 
 
Column 5 – Correction to Elevation for an increase in Height of Illumination of 
50M. The change in elevation required to adjust the height of burst of the projectile or 
the altitude of the target up 50M. 
 
Column 6 – Correction to Fuze Setting for an increase in Height of Illumination 
of 50M. The change in fuze setting required to adjust the height of burst of the 
projectile or the altitude of the target up 50M. Note that the corrections can be 
positive or negative depending upon range and charge..  
 
Column 7 – Range to Fuze Function. It may be necessary for the fuze to function 
before reaching the trajectory point directly above the target location at the specified 
height to ensure optimum performance. The range to fuze function assists in the 
plotting of fuze function for safety purposes.  
 
Column 8 – Range to Impact. The range at which the projectile will continue until 
the trajectory reaches the point of graze in the event of fuze failure to function. 
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ANNEX V FORMAT FOR ABRIDGED TABLES – BASIC DATA 

 
1. The information provided within the Abridged Table, Basic Data is the most 
sought after general data required.  The data are obtained from Tables F and G. 
 

 
Figure V – 1, Example of Abridged Table, Basic Data 
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2. Following is an explanation of the contents of each column of the Abridged 
Table, Basic Data: 
 
Column 1 – Range. The distance measured on the surface of a sphere concentric 
with the earth, from the muzzle to a target at the point of graze. 
 
Column 2 – Quadrant Elevation. The angle of the gun in the vertical plane required 
to reach the range tabulated in column 1 in standard conditions. The maximum 
elevation shown represents the highest angle at which predictable projectile flight is 
possible under standard conditions of meteorology and material. This number varies 
with non-standard conditions of meteorology and material and is particularly sensitive 
to changes in range wind. 
 
Column 3 – Time of Flight. The projectile travel time, under standard conditions, 
from the muzzle to the point of graze at the range in column 1.  
 
Column 4 – Correction to Bearing for Drift. Because of the right hand twist of the 
barrel, the drift of the projectile is to the right of the vertical plane of fire. This drift 
must be compensated for by a correction to the left.  
 
Column 5 – Probable Error in Range at Graze. A value which, when added to and 
subtracted from the expected range, will produce an interval, along the line of fire, 
that should contain 50 percent of the rounds fired. Variations in muzzle velocity, in 
angle of departure, and in total drag during flight all contribute to the probable error in 
range to impact.  
 
Column 6 – Probable Error in Deflection at Graze. A value which, when added 
both to the right and to the left of the expected impact point, will produce an interval, 
perpendicular to the line of fire at the expected range, that should contain 50 percent 
of the rounds fired.  
 
Column 7 – Angle of Descent. The acute angle measured from the horizontal to a 
line tangential to the trajectory at the point of graze.  
 
Column 8 – Remaining Velocity. The speed of the projectile at the point of graze.  
 
Column 9 – Vertex Height. The maximum height of a trajectory fired under standard 
conditions by a gun at sea level.  
 
Column 10 – Range for Non-functioning of Rocket Motor or Base Bleed Unit. 
The range that will be achieved if the on-board rocket motor or Base-Bleed Unit does 
not function.   
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ANNEX W TABLE R – ABRIDGED MV TABLE FOR BURSTING PROJECTILE 

 
1. The Abridged MV Tables were developed as an alternative to the Graphical 
Firing Tables (GFT). Table R was developed for exploding/bursting projectiles. The 
MV columns, 2 to 7, are at intervals of 4 metres per second covering the expected 
MV coverage of the life of a barrel. The 4 m/s intervals allow for the grouping of guns 
within a battery or fire unit. An example of Table R is given at Figure W – 1. 
 
2. Following is an explanation of the contents of each column of the Abridged MV 
Table for Bursting Projectile: 
 
Column 1 – Range. The distance measured on the surface of a sphere concentric 
with the earth, from the muzzle to a target at the point of graze. This column is 
repeated on both the left and right pages. 
 
Column 2/7 – Elevation for Adopted Muzzle Velocity (AMV). The elevation 
corresponding to the AMV for that column. The AMVs are at 4 metres per second 
intervals either side of the V0 covering the expected maximum and minimum bore 
measurement and allows for ‘gun grouping’. An empty box at the head of each column is 
provided for penciling in the relevant gun number of the battery/fire unit. 
 
Columns 8/9 – Range Correction for a Decrease (Increase) of one Metre per 
Second in Muzzle Velocity. Corrections to range to compensate for variations from 
the standard muzzle velocity that appears on the title page for each charge 
 
Column 10 – Effect on Range for Increase of 1 MIL in Quadrant Elevation. The 
change in range corresponding to a one MIL increase in the quadrant elevation.  
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Figure W – 1, Example of Abridged MV Table for Bursting Projectile 
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ANNEX X TABLE S – ABRIDGED MV TABLE FOR CARGO PROJECTILE 

 
1. The Abridged MV Tables were developed as an alternative to the Graphical 
Firing Tables (GFT). Table S was developed for cargo projectiles. The MV columns, 
2 to 7, are at intervals of 4 metres per second covering the expected MV coverage of 
the life of a barrel. The 4 m/s intervals allow for the grouping of guns within a battery 
or fire unit. An example of Table S is given at Figure X – 1. 
 
2. Following is an explanation of the contents of each column of the Abridged MV 
Table for Cargo Projectile: 
 
Column 1 – Range. The distance measured on the surface of a sphere concentric 
with the earth, from the muzzle to a target.  
 
Column 2/7 – Elevation for Adopted Muzzle Velocity (AMV). The elevation 
corresponding to the AMV for that column. The AMVs are at 4 metres per second 
intervals either side of the V0 covering the expected maximum and minimum bore 
measurement and allows for ‘gun grouping’. An empty box at the head of each column is 
provided for penciling in the relevant gun number of the battery/fire unit. 
 
Column 8 – Fuze Setting. Numbers to be set on fuzes that will produce a function at 
a specified time to produce optimum functioning of the payload at the specified height 
above the target location when firing under standard conditions. This setting will 
produce a burst at the time of flight listed in column 7 of table F. 
 
Column 9 – Range to Impact. The range at which the projectile will continue until 
the trajectory reaches the point of graze in the event of fuze failure to function 
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Figure X – 1, Example of Abridged MV Table for Cargo Projectile
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ANNEX Y TABLE T – ILLUMINATING CARGO PROJECTILE MV 
SUPPLEMENT, ELEVATION / RANGE TO IMPACT 

 
1. The Illuminating Cargo Projectile MV Supplement, Elevation / Range to Impact 
were developed as an alternative to the Graphical Firing Tables (GFT). Table T was 
developed for cargo projectiles to simplify the production of the Range to Impact for 
carrier projectile for Safety Board plotting. The MV columns, 2 to 7, are at intervals of 
4 metres per second covering the expected MV coverage of the life of a barrel. The 4 
m/s intervals allow for the grouping of guns within a battery or fire unit. An example of 
Table T is given at Figure Y – 1.  
 
2. Following is an explanation of the contents of each column of the Illuminating 
Cargo Projectile MV Supplement, Elevation / Range to Impact: 
 
Column 1 – Quadrant Elevation. The angle of the gun in the vertical plane required 
to reach the range tabulated in column 1 in standard conditions and at the specified 
height. The maximum elevation shown represents the highest angle at which 
predictable projectile flight is possible under standard conditions of meteorology and 
material. This number varies with non-standard conditions of meteorology and 
material and is particularly sensitive to changes in range wind. The ballistics is based 
upon the Standard Projectile contained in Part 1. 
 
Column 2/7 – Range to Impact for Adopted Muzzle Velocity (AMV). The Range to 
Impact where the projectile will graze in the event of Fuze Failure, corresponding to the 
AMV for that column and the Elevation. The AMVs are at 4 metres per second intervals 
either side of the V0 covering the expected maximum and minimum bore measurement 
and allows for ‘gun grouping’. An empty box at the head of each column is provided for 
penciling in the relevant gun number of the battery/fire unit. 
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Figure Y – 1, Example of Illuminating Cargo Projectile MV Supplement,  

Elevation / Range to Impact
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