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Preface 
This training circular introduces the firing tables and structures the calculations necessary to accurately 
describe the characteristics of projectile flight. The processes described in this training circular are required 
by any user of firing tables for understanding and applying table data. 

The principal audience for TC 3-20.31-044 is master gunners, candidates for attendance to the Master Gunner 
school, and any member of the profession of arms. Additional audience may include all Army personnel and 
commanders and their staffs for use at any level of leadership and expertise. Trainers and educators 
throughout the Army will also use this publication. 

Commanders, staffs, and subordinates ensure that their decisions and actions comply with applicable United 
States, international, and, in some cases, host-nation laws and regulations. Commanders at all levels ensure 
that their Service members operate in accordance with the law of armed conflict and the rules of engagement. 
(See FM 6-27 for legal compliance.). 

TC 3-20.31-044 is not the proponent publication (the authority) for any operational term or definition. 
Selected terms and definitions appear in the glossary. All terms support TC 3-20.31-044 and are not defined 
using proponent definitions in the text. The use of a trade or brand name does not constitute endorsement of 
any specific commercial product, commodity, service, or enterprise by the United States Army.  

TC 3-20.31-044 applies to the Active Army, the Army National Guard/the Army National Guard of the 
United States, and the United States Army Reserve unless otherwise stated. 

The proponent for TC 3-20.31-044 is the United States Army Maneuver Center of Excellence. The preparing 
agency is the Department of Training, and Doctrine, United States Army Maneuver Center of Excellence. 
Send comments and recommendations on DA Form 2028 (Recommended Changes to Publications and Blank 
Forms) to Commander, Maneuver Center of Excellence and Fort Benning, ATZK-TDD (TC 3-20.31-044), 
1 Karker Street, Fort Benning, GA 31905-5410; by email to usarmy.benning.mcoe.mbx.doctrine@army.mil; 
or submit an electronic DA Form 2028. 

mailto:usarmy.benning.mcoe.mbx.doctrine@army.mil
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Chapter 1 

Introduction 

TC 3-20.31-044 provides a structured method for training weapon system operators, master 
gunners, and leaders to utilize firing tables during the training, execution, and recovery of direct 
fire operations. With continuously improving automated ballistic fire control software, weapon 
systems, algorithms, methodologies, and fire control data computing, expertise with hard-copy 
data is becoming exponentially more important. In the event of failures during direct fire 
operations, analog computations must be performed to verify hazard zones and impacts. 
This publication is designed to assist all personnel operating direct fire weapon systems in their 
understanding of ballistics, projectile flight characteristics, the establishment of battlesight 
ranges, and how to accurately determine the location of rounds out of impact. It describes the 
history of ballistic data collection, the reduction of that data into readable data, and how it is 
applied in training and austere environments. 

HISTORY 
1-1. It is important to know the history of firing tables to understand their significance in modern-day ballistic
study. As ballistics and attributes of our weapon systems, ammunition, and capabilities evolve, knowing why
those changes occurred and how to apply the lessons learned is paramount.

WORLD WAR I 
1-2. The development of firing tables in the U.S. Army began during World War I, when ballistics tests were
conducted, including computations of firing tables. Rapid demand for ballistic data led the Army's Chief of
Ordnance to establish the Ballistics Branch on April 6, 1918. Firing tables enabled gunners to manually
calculate aiming solutions, such as elevation (EL), azimuth, and fuse settings to engage targets under various
conditions. Known as tabular firing tables (TFT), these products were developed by the Ballistics Branch
through trajectory analysis and experiments to improve weapon system range and accuracy.

1-3. The Ballistics Branch was tasked with preparing accurate TFT and evolving the quickly aging targeting
systems of World War I by conducting mathematical analysis of trajectories and experimenting with concepts
designed to increase the range and accuracy of weapon systems.

1-4. As firing table development began during World War I, Congress moved ordnance testing facilities from
Sandy Hook, NJ, to Aberdeen, MD, due to range limitations. The transition started in late 1917, and the first
test round was fired at Aberdeen Proving Ground on January 2, 1918. Nine divisions were eventually
established at the new proving ground, comprising the proof department. Ballistics work was primarily
assigned to three sections: range firing, development, and instrument. The range firing section prepared all
firing tables, performed mathematical analyses of ballistic problems, and conducted experiments designed to
increase projectile range and accuracy. The organization of the proof department remained unchanged until
July 1922.

1-5. In 1925 after the post-World War I personnel reduction, the mathematical unit of the Ballistic Section,
Gun Testing Division, and Proof Department prepared the ballistic and firing tables. By 1935, the first major
reorganization incorporated the withdrawal of the Ballistic Section from the Gun Testing Division and
established as the Research Division. The new research division of 30 people was organized into six sections,
of which two were involved in the development of firing and bombing tables. The exterior ballistics section
studied trajectories and flight characteristics of projectiles and bombs. The computing section prepared the
firing and bombing tables for standard ammunition and bombs, computed fundamental ballistic tables, and
prepared ballistic data to be used in improving fire control equipment. The results of the exterior ballistics
section's work were used as the basis for computing firing and bombing tables and for designing new
projectiles. In December of 1938, the research division was renamed the Ballistic Research Laboratory
(BRL).
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THE COMPUTER AGE 
1-6. Between 1930 and 1931, the burden of firing table computation was reduced by the development of the
Bush Differential Analyzer. The machine solved differential equations by means of mechanical integration
with speed and accuracy. However, it soon became overpowered by the demand to accomplish more volume
and scope of work than it was designed to do, leading the BRL to arrange access to larger analyzers of the
same type. Simultaneously, considerable progress was made in substituting electrical components for
mechanical, allowing newer analyzers to obtain greater speed of operation and accuracy.

1-7. By 1937, advancements in electrical calculation devices revolutionized ballistic computation. Early
comparisons between automated firing table calculations and traditional methods demonstrated significant
improvements in accuracy and efficiency, leading to the adoption of punch-card machines for ballistic work
by 1941. Subsequent developments, such as IBM's relay calculator, further enhanced computational speed,
performing addition and subtraction twice as fast and multiplication three times faster than earlier systems.

1-8. World War II created an immense demand for firing tables, requiring around-the-clock computation.
Large rooms of workers, primarily women, performed millions of numerical integration calculations using
hand-crank calculators to compute trajectories for firing tables. Despite advances in computing technology,
the need for greater speed, accuracy, and operational flexibility grew as the war progressed and demand
increased.

1-9. Two computers, the electronic numerical integrator and computer (also called ENIAC) and the
Electronic Discrete Variable Computer (also called EDVAC), were designed during World War II to address
the growing need for firing table computation but were completed after the war. The electronic numerical
integrator and computer's development in 1947 marked the start of the computer age, driven by the need to
efficiently compute firing table trajectories. Follow-on systems, such as the Ordnance Discrete Variable
Automatic Computer (also called ORDVAC) and Ballistic Research Laboratory electronic scientific
computer (also called BRLESC), further advanced trajectory calculations. The BRL electronic scientific
computer remained in use into the late 1970s, but improvements in commercial computer technology
eventually surpassed the requirements for firing table development, eliminating the need for in-house
systems.

MODERN ERA 
1-10. After World War II, firing and bombing tables were divided between the U.S. Army and U.S. Air Force, 
with bombing tables relocated to Eglin Air Force Base and firing tables remaining at Aberdeen Proving
Ground. Despite expectations of reduced emphasis, the Cold War, Korean Conflict, and Vietnam War
sustained the need for firing tables and ballistic work. Advancements in computing technology accelerated
development, but improvements in trajectory models for simulating projectile flight remained essential.

1-11. In the 1960s, the trajectory model was upgraded from a basic point mass simulation to the modified
point mass (also called MPM) model, developed in 1966 to better represent spin-stabilized artillery shells by
incorporating yaw of repose. Over time, the modified point mass model has been modified to simulate direct
fire rounds, base-burn shells, and rocket-assisted projectiles. Widely recognized, it serves as the basis for the
North Atlantic Treaty Organization (NATO) standard in ballistic fire control.

1-12. The development of the modified point mass trajectory model marked a breakthrough in firing table
methodology, reducing the number of test rounds needed while maintaining accuracy. Interior ballistic
modeling addressed muzzle velocity (MV) issues from propellant temperature and projectile weight
variations, while improvements in test design and aerodynamic coefficient development further enhanced
efficiency. By the 1970s, advancements in computing technology enabled field use of devices for training
and combat, producing more accurate firing tables at lower costs.

1-13. Early field computers were unsophisticated by today's standards but represented significant
technological advancements for their time. The field artillery digital automatic computer (also called
FADAC) integrated point mass equations of motion and used polynomial fits to calculate drift. Similarly,
tank and helicopter ballistic computers applied fitting techniques to incorporate firing table data into fire
control systems. These devices functioned as advanced calculators, processing polynomial fits to support
ballistic computations.



Introduction 

12 January 2026 TC 3-20.31-044 3 

1-14. Advances in miniaturized components allowed for smaller devices and increased computation speed,
driven by improvements in processing technology and more efficient hardware designs. As computational
speeds reached acceptable levels and the devices became small enough with sufficient memory and storage
capability, field computers could solve the equations of motion that simulate projectile flight without relying
on polynomial fitting techniques. This process provided more accurate gunnery solutions.

1-15. By this time, the Firing Tables Branch was providing databases and computational methodologies for
field computers such as tactical fire (also called TACFIRE) and the battery computer system (also called
BCS) for artillery applications. Similar efforts supported fire control computers for tanks, helicopters, and
mortars. In the early 1990s, the Firing Tables Branch (now the Firing Tables and Ballistics [FTaB] Division)
partnered with Norway's Forsvarets Forshningsinsitutt (FFI), to plan the next generation of ballistic
processing for field artillery technical fire control systems.

1-16. Advancements in computing speed, memory size, and programming flexibility made a standard,
layered set of software modules for ballistic processing appealing to NATO AC/225 Panel IV, Sub-Panel 2
(now Land Capabilities Group 3 on Fire Support, Sub-Group 2). FTaB, co-leading with Norway's Forsvarets
Forskningsinsitutt (FFI), developed the NATO armament ballistic kernel (NABK), designed for shareability
and reusability. Fifteen NATO nations are implementing country-specific versions of NABK for artillery fire
control systems, enabling trajectory and MV simulations and ammunition interchangeability during
multinational exercises. The first application of the ballistic kernel (BK) was its inclusion in the improved
mortar ballistic computer (IMBC) in May 1995, with subsequent IMBC BK versions supporting new
munitions and the Mortar Fire Control System. Lessons from IMBC BK development were pivotal to the
NABK effort.

1-17. Another recent effort within FTaB is the meteorological kernel, a weather forecasting model that
improves accuracy while reducing reliance on labor-intensive weather balloon collection. Accurate weather
data is critical for generating precise gunnery solutions. FTaB has collaborated with NATO and academia to
develop and test meteorological kernel prototypes, including live-fire exercises in Denmark (2003), Turkey's
high desert (2006), and planned testing in southern France to evaluate its performance across diverse terrains.

1-18. Through involvement in international forums such as NATO, The Technical Cooperation Program, and 
the Joint Ballistic Working Group, FTaB has become a global training hub for firing table data reduction,
software development, and ballistics studies. Over the past 25 years, FTaB has trained personnel from
numerous countries, including Australia, Germany, and Japan, while its staff has traveled internationally for
meetings and tests. Since the late 1970s, FTaB has conducted artillery accuracy tests with Army and Marine
Corps units under quasi-combat conditions, building a database for fire delivery techniques. Tests in the
1990s confirmed that weather data inaccuracies are the largest source of delivery errors.

1-19. For more than 20 years, FTaB has collaborated with the U.S. Army Materiel Systems Analysis Activity
to develop and refine artillery models for predicting ammunition and weapon accuracy. These models have
become the standard for accuracy estimates used by groups like the Joint Munitions Effectiveness Manual
and the Joint Technical Coordinating Group for Munitions Effectiveness.

1-20. In 1992, BRL was reorganized into the Army Research Laboratory, consolidating all Army research
under one umbrella. The firing table mission, the original purpose of BRL's formation in 1938, was reassigned 
to the Army's armament research, development and engineering center (ARDEC), ending BRL's role in firing 
table development. Over its history, FTaB employed a diverse team of engineers, scientists, and military
personnel, including mathematicians, statisticians, ballisticians, and computer scientists.

1-21. FTaB, responsible for firing tables, ballistic fire control data, and BKs as specified by Army materiel
command regulation, is divided into two teams: the aiming data technology team and the ballistic software
engineering team. The aiming data technology team develops aiming data products, interior ballistics
methodologies, aerodynamic parameters, accuracy estimates, and foreign ammunition exploitation. The
ballistic software engineering team focuses on BK development, enhancements, and internal software
generation and maintenance.

1-22. The software team collaborates with NATO allies to improve and expand the NABK, recently fielding
version 8.0 derivative BKs for U.S.-specific weapon systems. They maintain and update internal software
codes, including trajectory models and firing table preparation tools, while developing reliable code for
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ballistic technologies. The team also trains government personnel, contractors, and foreign scientists in BK 
software creation, database design, documentation, and quality assurance procedures. 

DATA COLLECTION 
1-23. Today, FTaB is responsible for developing aiming data, ballistic fire control information, ballistic
control software, and calculating the data for all unguided, and certain guided, combat weapons systems for
small-caliber Infantry weapons, mortars, tank-fired munitions, artillery, missiles, and rockets.

FIRING TABLES AND BALLISTICS MAJOR RESPONSIBILITIES 
1-24. The FTaB is responsible for the following:

• Characterizing projectile ballistic performance.
• Developing, maintaining, and testing of shareable ballistic fire control software for U.S. and

multinational weapon systems and training platforms.
• Developing ballistic algorithms, methodologies, and data relating to fire control computers and

manual backups.
• Providing ballistic expertise and support to the Department of Defense and industry for munitions

and fire control equipment in the development cycle.
• Developing a rational basis for NATO and multinational standardization agreements involving

interior and exterior ballistic simulation models, ballistic algorithms, firing table elements, and fire
control methodology.

• Ensuring interchangeability of fire control information for U.S Forces regarding NATO
ammunition.

FACILITIES 
1-25. Aberdeen Proving Ground’s aerodynamics range was the world’s first large-scale, fully instrumented
ballistic range producing data on the aerodynamic characteristics of missiles in free flight. For more than 40
years, its data has been integral to the development of supersonic aerodynamic designs. The facility’s unique
technology became the foundation of similar installations worldwide.

1-26. The Transonic Range of BRL is part of the Free Flight Aerodynamics Branch of the Exterior BRL.
Designed in 1944, primary construction was completed in 1947, and instrumentation was completed for
full-scale operation in the summer of 1950. Projectiles traveling through this enclosed spark photography
range are not restrained or affected by any forces other than those normally encountered in flight.

Aerodynamics Range 
1-27. During the 1930s, research into advanced ballistic measurement techniques began at Aberdeen Proving
Ground. Before the German Army entered Poland, exceptional data on the flight of projectiles was already
being provided. The crisis of World War II gave incentive to incorporate this pioneering research into the
design and construction of the aerodynamics range at the BRL. The facility was unique for its time and
established the capability to study, in detail, the aerodynamics of bodies in supersonic free flight.

1-28. The range’s sequential, high-speed photographic instrumentation has recorded the flight of projectiles,
missiles, and aircraft important to national defense. Personnel working in this original installation have
contributed to technical disciplines ranging from photography and high-speed circuit design to the theory of
flight. The range is recognized as the prototype for similar installations in the United States and abroad.

Transonic Free Flight Range 
1-29. The purposes of this range are threefold:

• To provide data for determining the aerodynamic coefficients of projectiles up to 8 inches in
diameter or wingspan.

• To provide an accurate instrument with which to investigate the causes of dispersion of projectiles.
• To provide data on flow characteristics from the subsonic through the transonic and on into the

higher regions of velocity.

12 January 2026 
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1-30. The Transonic Range has many predecessors and contemporaries as a free-flight range. The first such
range is believed to have been built at the National Physical Laboratory in England.

1-31. The Transonic Range is 1,173 feet in length. The part of the building nearest the gun position is
reinforced concrete while the remainder is sheet metal on a steel frame. The first 750 feet of the range is
24x24 feet in a cross section and is fully instrumented. The remaining 423 feet has never been instrumented
but does facilitate the extension of roll histories using yaw card techniques. The metal sections of the building 
are insulated and have an aluminum covering. The instrumented section has radiant heating.

1-32. The tested projectile is usually launched from a gun. Projectiles pass through the opening in the large
concrete blast shield and then into the enclosed range. Projectiles travel through an array of 25 spark
photographic stations, arranged in five groups of five stations each. These stations each capture a tiny chapter
in the motion history of projectiles as they pass through the range.

1-33. To study causes of dispersion of projectiles, researchers must understand the following:
• The motion of the projectile in the launcher.
• Any reaction between the launcher and the projectile before and during emergence.
• The reaction of the projectile in the muzzle region or while it is affected by muzzle gases.
• A timed history of projectile motion until some target or measure of dispersion is reached at the

conclusion of its recorded flight.

1-34. The capabilities of this facility allow for the testing of full-scale projectiles up to 8 inches in diameter.
The collection of data that gives a history of the motion of those projectiles and permits study of their
aerodynamic properties in free flight, and the recording of flow patterns about the projectiles for aerodynamic 
considerations. A 1,000-yard target is incorporated with the range facilities to make the study of dispersion
possible through a close study of initial conditions and results on the target.

1-35. The third purpose of the range, to provide data on detailed flow characteristics, is partially satisfied by
regular spark records, however, another piece of specialized instrumentation called a mosaic has been
developed to further this purpose. As the name indicates, mosaics consist of a series of large 11 x 14-inch
photographic plates laid out together on a tabletop, placed just below the calculated trajectory. A spark source,
located above these plates, is triggered in the same way as the standard stations and the large mosaic picture
is obtained. This picture shows flow detail in such a size as to be easily studied for small effects. When
trajectories can be closely estimated, the distance from spark to plates in this setup can be shortened to as
little as 5 feet, allowing the use of a fast and less intense spark that results in sharper detail than the usual
shadow stations.

Preparation for and Firing of a Program 
1-36. After model shops receive approved designs for projectiles, the models are manufactured and taken to
the physical measurements laboratory for measurements. The moments of inertia, both transverse and axial,
are determined on a torsion pendulum and compared with known test masses. The periods are measured by
means of electronic timing. The timing signal is produced and recorded through a photocell, optical-counter
combination.

1-37. While the manufacture and measurements are being completed, the means of launching must be
determined. To date, all launchings except for some rockets have been made from breech-loading guns. Some
projectiles, because of external configuration, desired initial angle of launch, maximum pressure limits,
required spin, and protection of surface finish may require special, individual launching devices.

1-38. The expected trajectory or flight path of a test projectile is calculated by standard methods and the
optimum spark height is selected to best fit this path. Each spark unit contains a delay system which must be
adjusted to the expected velocity, which allows the projectile to proceed to a point opposite the center of the
reflective screen before the spark is discharged.

1-39. After all preparations have been made, a systematic firing procedure is carried out. The cameras are
loaded with photographic plates and the high-speed motion picture cameras with film. All personnel are
cleared from the possible danger areas. The projectile and propellant are loaded into the gun. From the
instrument shelter, a facility separated about 1,000 feet from the range itself, the round number and station
designation are exposed on the plates, the cameras are opened, and a bias control is operated which allows
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the spark stations to operate on the pulse from the photocell trigger units. The gun is fired, cameras are closed, 
and the range personnel collect the plates for processing in a photographic dark room. The basic records 
obtained in the Transonic Range are spark shadowgraphs, direct or micro-flash photographs, film from 
high-speed motion picture cameras, time reports, met reports, and large mosaics or multi-shadow graphs. 

DATA REDUCTION AND COMPUTATION 
1-40. One of the free flight range technique’s basic problems is data reduction. Data reduction is the process
of selecting, focusing, simplifying, abstracting, and transforming data to reduce the amount of capacity
required to store it. For firing tables, only some aerodynamic, met, physical characteristics, and time-of-flight
data is required from the amount collected during free flight testing.

1-41. Achieving successful data reduction is difficult primarily because free flight ranges only work with the
actual motion of a projectile in flight; aerodynamic forces and moments during must be inferred from that
motion. Due to the importance of making large amounts of data palatable to the average reader, ranges like
the free flight aerodynamics and Transonic Range are limited in how they can output their data; a large bulk
of the experimentation time is spent analyzing and simplifying the data. For this reason, great effort is
constantly being made to refine the process and make as much use of large-scale computing machines as
possible.

1-42. The simplified data used in firing tables is employed to compute a ballistic coefficient or to produce
final values for each listed ammunition. A ballistic coefficient is a numerical representation of how well a
projectile retains its initial velocity over any distance. Once the ballistic coefficient is determined, a value for
design MV and in-flight weight of the round is obtained. This information is then coupled with the
aerodynamic and physical characteristics data to compute the firing tables.

12 January 2026 
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Chapter 2 

Terms of Reference 

This publication and the firing tables use complex terms and abbreviations. This chapter 
provides basic definitions of the most used. 

ABBREVIATIONS 
2-1. Firing tables utilize the symbols and abbreviations presented in figure 2-1. Understanding the principles
of firing tables requires a comprehensive understanding of these abbreviations, acronyms, or symbols.

Figure 2-1. Commonly used abbreviations within firing table publications 



Chapter 2 

8 TC 3-20.31-044 

TERMS OF REFERENCE 
2-2. Basic terms in chapter 2 are not directly involved with reading the firing tables but provide for
understanding how they work and what they provide. The following terms are defined in this chapter for
reference:

• Aeroballistics.
• Aerodynamic characteristics.
• Axis of the bore (AoB).
• Azimuth.
• Ballistics.
• Ballistic drift.
• Ballistic trajectory.
• Caliber.
• Commencement of rifling.
• Exterior or external ballistics.
• Jump.
• Kinetic energy.
• Line of sight (LOS).
• Line of elevation (LoE).
• Line of departure (LoD).
• Maximum ordinate (MAX ORD).
• MV.
• Mach number (MACH).
• Obscuration.
• Super elevation (SE), tangent elevation, (TE), and quadrant elevation (QE).
• Time of flight.
• Yaw.

12 January 2026 



Terms of Reference 

12 January 2026 TC 3-20.31-044 9 

AEROBALLISTICS

2-3. Aeroballistics (see figure 2-2) is the science of ballistics combined with that of aerodynamics, dealing
primarily with the flight path of projectiles, rockets, and guided missiles, among others, through the
atmosphere.

Figure 2-2. Aeroballistics 
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AERODYNAMIC CHARACTERISTICS

2-4. Aerodynamic characteristics is the branch of mechanics that deals with the motion of air and other gases
and with the effects of such motion on objects in such media. (Figure 2-3 describes the basic tenets of
aerodynamic characteristics.)

Figure 2-3. Aerodynamic characteristics 
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AXIS OF THE BORE 
2-5. AoB is the line passing through the center of the bore. Figure 2-4 describes the relationship between the
AoB and the ballistic trajectory, LOS, and the LoD.

Figure 2-4. Axis of the bore 
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AZIMUTH 
2-6. For fire control systems, AZ is the rotation of a weapon about the pintle, or turret ring (side to side) as
opposed to EL, which is up and down.

2-7. AZ (see figure 2-5) also indicates direction in degrees (°) or mils (indicated with an ₥ symbol). It can
be measured using a compass, optic, or sensor to determine the angular relationship between two or more
points.

Figure 2-5. Azimuth 

12 January 2026 
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BALLISTICS 
2-8. Ballistics is the science or study of the motion, propulsion, flight, and impact of projectiles. It is also the
art or science of designing projectiles for maximum flight or terminal effects performance. Figure 2-6
describes the phases of ballistics for the purposes of large-caliber direct-fire cannons.

Figure 2-6. Ballistics 
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BALLISTIC DRIFT 
2-9. Ballistic drift is the lateral departure of spin-stabilized ammunition from the gun-target line (also called
GTL). Only spin-stabilized rounds are affected. Figure 2-7 describes how ballistic drift is created and its
behaviors.

Figure 2-7. Ballistic drift 

Note. Ballistic drift is not to be confused with emergency or normal mode drift. 

12 January 2026 
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BALLISTIC TRAJECTORY

2-10. Ballistic trajectory is the path of a projectile when influenced only by external forces such as gravity
and atmospheric friction. Figure 2-8 illustrates the relationship between the ballistic trajectory and the LOS,
AoB, and the LoD.

Figure 2-8. Ballistic trajectory 
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CALIBER 
2-11. Caliber is the measurement of the diameter of the bore of the gun. This measurement is also used as a
relational distance; for example, the last 5 calibers of the gun. Figure 2-9 describes caliber in detail.

Figure 2-9. Caliber 

12 January 2026 
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COMMENCEMENT OF RIFLING 
2-12. Commencement of rifling (see figure 2-10) is the point in a rifled gun tube at which the lands have
attained full size.

Figure 2-10. Commencement of rifling 
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EXTERIOR/EXTERNAL BALLISTICS 
2-13. Exterior/external ballistics (see figure 2-11) encompasses the period from when the projectile has left
the muzzle, and any sabot pedal discard has occurred until impact with the target. It includes projectile MV,
projectile dynamics and stability, the predicted flight path, time of flight, and the angle, velocity, and location
of impact. It is the study of projectiles in flight.

Figure 2-11. Exterior and external ballistics 

12 January 2026 
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JUMP 
2-14. Vertical jump is the angle, measured in ₥, between the LoD and the LoE (see figure 2-12).

Figure 2-12. Jump 
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KINETIC ENERGY 
2-15. Kinetic energy (see figure 2-13) is energy due to mass and velocity. It can be calculated by taking half
the mass and multiplying it by the velocity squared (1/2 mv²).

Figure 2-13. Kinetic energy 
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LINE OF SIGHT 
2-16. The LOS is a straight line between the gun sight and the target. Figure 2-14 describes the relationship
between LOS and the ballistic trajectory, AoB, and LoD.

Figure 2-14. Line of sight 
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LINE OF ELEVATION 
2-17. LoE is the center of the AoB. The LoE describes the exact bore centerline from the chamber region to
the muzzle, and onward indefinitely. Figure 2-15 describes the relationship between the LoE and the ballistic
drift, LOS, and LoD.

Figure 2-15. Line of elevation 
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LINE OF DEPARTURE 
2-18. LoD is the center of the axis as the projectile leaves the muzzle. Figure 2-16 describes how LoD is
created and its relationship to the ballistic trajectory, AoB, and LOS.

Figure 2-16. Line of departure 
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MAXIMUM ORDINATE 
2-19. MAX ORD is the maximum height the projectile travels above the gun LOS on its path to the point of
impact. Associated with this term is “range to MAX ORD,” which is the distance along the projectile’s
trajectory from the muzzle where the MAX ORD occurs. Figure 2-17 describes MAX ORD, its associated
range, and its relationship to ballistic trajectory and the LOS.

Figure 2-17. Maximum ordinate 
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MUZZLE VELOCITY 
2-20. MV is the speed (velocity) of the projectile approximately 2 feet beyond the muzzle of the gun (after
shot exit). Figure 2-18 describes the importance of MV and its susceptibility to both external and internal
influences.

Figure 2-18. Muzzle velocity 



Chapter 2 

26 TC 3-20.31-044 

MACH NUMBER 
2-21. MACH is the speed (velocity) of the projectile in relation to the speed of sound (343 meters-per-second
[m/s]). Figure 2-19 describes MACH and how they are used to categorize projectiles.

Figure 2-19. Mach number 
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OBSCURATION 
2-22. Obscuration is the effects of firing which hinder observation (see figure 2-20).

Figure 2-20. Obscuration 
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SUPERELEVATION/TANGENT ELEVATION 
2-23. SE/TE (see figure 2-21) is the gun angle between the LOS and AoB measured in ₥. Figure 2-21
describes SE/TE.

Figure 2-21. Superelevation/tangent elevation 
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TIME OF FLIGHT 
2-24. Time of flight is the time taken for a projectile to reach a given range after firing. Figure 2-22 describes
the time of flight in relation to the trajectory and strike on impact.

Figure 2-22. Time of flight 
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YAW 
2-25. Yaw is the rotation of the nose of a projectile away from the line of flight in the Y-axis. Figure 2-23
describes yaw at the point of shot exit through stabilization.

Figure 2-23. Yaw 

12 January 2026 
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Chapter 3 

 Firing Table Administrative Information 

Firing Tables A through D are understandable using the terms, abbreviations, and conversions 
from chapter 2. Additionally, conclusions, solutions, and battlesight ranges can be drawn from 
that data. This chapter covers how to read and utilize firing tables to reach desired outcomes 
for smoothbore main gun ammunition. Information on how to access firing table publications 
is available in appendix A. For purposes of the examples in this publication, appendix B 
contains examples of firing tables from 120 millimeters (mm) to 7.62-mm ammunition. 

STRUCTURE 
3-1. Firing tables include 12 key sections to indicate all the ballistic information for the munitions they
describe. They are the following:

• Cover.
• Table of Contents.
• Introduction with symbols and abbreviations.
• Conversion factors.
• General information.
• Explanation of tables.
• Sample problems.
• Ammunition Cartridge Cover Sheet.
• Table A, Basic Data.
• Table B, Maximum Ordinate, Range and Effects on Range.
• Table C, Effects on Muzzle Velocity due to Ammunition Temperature.
• Table D, Effects on Air Density due to Altitude.

3-2. This chapter discusses administrative information only. Ballistic information for Tables A through D is
included in subsequent chapters.
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COVER 
3-3. When firing tables are published in a book, the labels of its weapon systems and ammunition are clearly
articulated on the front cover. It is important to be equipped with, and use, the appropriate firing tables for
the weapon and/or ammunition that are intended to be studied. (Figure 3-1 shows an example of a 120mm
M256 tank gun ammunition front cover.)

Figure 3-1. Firing tables cover page 
3-4. From top to bottom, the cover page lists the type of weapon, its caliber, its ammunition types, the
governing headquarters/issuance authority of the firing tables, and the book’s effective date. Ensure that all
these elements match the intended area of study. It is also important to ensure that the book’s effective date
reflects the most recent edition.
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TABLE OF CONTENTS 
3-5. Firing tables books begin with three key components. First is a table of contents followed by a brief
introduction that presents symbols and abbreviations used throughout the publication. Lastly, a chart of
conversion factors is provided. Figure 3-2 shows an example table of contents.

Figure 3-2. Table of contents 
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INTRODUCTION WITH SYMBOLS AND ABBREVIATIONS 
3-6. Figure 3-3 shows an example list of symbols and abbreviations seen throughout firing tables
publications. When used in a graphic or figure, they are listed accordingly in the respective legend.

Figure 3-3. Firing tables introduction 
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CONVERSION FACTORS 
3-7. Firing tables calculations require unit conversion. It is a simple process that involves multiplication or
division by a numerical factor and rounding. Figure 3-4 shows conversion factors for calculations conducted
during use of firing tables publications.

Figure 3-4. Conversion factors chart 
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USING CONVERSION FACTORS 
3-8. Unit conversion is a simple process that involves multiplication or division by a numerical factor and
rounding. Use the following steps to construct a unit conversion problem so that the initial unit of
measurement cancels and the desired unit remains:

• Identify the starting unit (meters, yards, feet, for example).
• Identify the desired unit.
• Identify the appropriate unit conversion factor(s) (see chapter 2, figure 2-4) and use exact conversion 

factors whenever available.
• Cancel units and perform the calculation (multiply, divide, for example) and double check by

repeating the calculation.
• Evaluate the result to ensure the answer makes sense.

3-9. There are best practices to keep in mind when converting units of measurement. First, do not attempt to
round any of the quantities/numbers during execution of the calculation. If necessary, only round the final
calculated solution. Many unit conversion problems require only a single unit conversion factor; however,
multiple conversion factors may be required to solve a problem. Ensure the correct conversion factor is used
to solve your problem. If an incorrect (or approximate) conversion factor is used, a correct solution is not
achieved. Figure 3-5 lists standard conversions.

Figure 3-5. Using conversion factors 
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GENERAL INFORMATION 
3-10. The general information section of the firing tables provides basic data for and characteristics of a
round type. This includes where test firing was conducted and the report numbers for ammunition listed in
the firing table (see figure 3-6).

Figure 3-6. General information example 
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EXPLANATION OF TABLES 
3-11. The explanation of tables (see figure 3-7) section defines the table itself, tabulated information
available, and its calculable functions.

Figure 3-7. Explanation of tables 
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SAMPLE PROBLEMS 
3-12. For each cartridge listed in the firing tables, two sample problems are provided (see figure 3-8). These
are used to explain how to utilize the firing tables with notional data. They help to explain the computation
steps for basic ballistic changes.

Figure 3-8. Sample problems 
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AMMUNITION CARTRIDGE COVER SHEET 
3-13. To find the appropriate tables for your ammunition, the ammunition type must be located by
nomenclature. Every set of firing tables is preceded by an ammunition cover sheet that defines the
ammunition type, MV, projectile weight, aerodynamics package, ballistic coefficient, or other important data
for a given round. For the purposes of this section, the M865 performance improvement package (PIP) target
practice cone stabilized discarding sabot with tracer (TPCSDS-T) is used. Figure 3-9 displays the
ammunition cover sheet for the M865 PIP TPCSDS-T.

Figure 3-9. M865 PIP TPCSDS-T ammunition cover sheet 

12 January 2026 



12 January 2026 TC 3-20.31-044 41 

Chapter 4 

Table A, Basic Data 

This chapter provides an overview of Table A, Basic Data. Each column, the differences 
between rifled and smoothbore barrel information, and general examples using each column 
are described. When appropriate, a description of how the column’s data impacts trajectory of 
a projectile is described. 

OVERVIEW 
4-1. Table A consists of 11 total columns. A 12th column may be introduced on the far right of Table A to
reflect the range value given in column 1; however, it is simply a duplication of the first column for ease of
reading when a table continues to a second page. Figure 4-1 shows what column numbers are used to display
each data point for each ammunition category.

Figure 4-1. Table A columns 

Note. For large-caliber smoothbore munitions, the drift column is not required and is excluded 
from Table A. Drift is considered for rifled munitions only. 
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BASIC DATA CALCULATIONS 
4-2. When determining information in firing tables, the ammunition, range, and column required must be
known. This is referred to as the ammunition, range, column (ARC) process. This information is used to
select the appropriate row to determine the ballistic outcome. ARC answers these three basic questions:

• A—What is the type of ammunition?
• R—What is the range to target under scrutiny?
• C—What information is needed, and which column is needed?

4-3. Figure 4-2 provides a simple example of the ARC process. The example question is, what is the MAX
ORD when firing an M865 PIP round at a target at 2,200 meters?

Figure 4-2. ARC process 
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RANGE 
4-4. Finding a known range is done by locating it in the first column of the firing table. This is the starting
point and identifies what row must be used. Figure 4-3 demonstrates finding information for a target at
2,200 meters.

Figure 4-3. Locate the range and row 
4-5. With the 2,200-meter range row identified, the subsequent columns indicate projectile performance data
at that range. Read from left to right across the row to collect data.
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SUPERELEVATION 
4-6. The gun angle in the vertical plane above the LOS to reach and hit a target at a given range is the SE.
SE, measured in ₥, is found in column 2. Using the example M865 PIP at 2,200 meters, continue the ARC
process with column 2. Figure 4-4 on shows how to determine the ₥ of SE required to hit a target at 2,200
meters with the M865 PIP.

Figure 4-4. Locating superelevation 
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4-7. Because column 2 is read in ₥, the SE that must be applied to the gun to strike a target at 2,200 meters
using M865 PIP is 5.53₥. Figure 4-5 depicts the SE applied to the target at 2,200 meters.

Figure 4-5. Superelevation as it applies to the main gun 
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CHANGE IN RANGE FOR A 1-MIL CHANGE IN SUPERELEVATION 
4-8. Column 3 describes the distance over or under the target where a projectile strikes when 1₥ is applied
or subtracted from the SE. Figure 4-6 illustrates the process to determine how far past the target the projectile
strikes given this new SE.

Figure 4-6. Locating change in range for a 1-mil change in superelevation 
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4-9. In the previous SE example, 5.53 ₥ of SE are applied to the M865 PIP round to strike a target at 2,200
meters. Figure 4-7 shows the gunner adding 1₥ of SE above the target. Because of the adjustment, the change 
in range (DR) for a 1-mil change in SE (DSE) adds 253 meters to the original 2,200-meters range to target.
The projectile strikes the ground at 2,453 meters.

Figure 4-7. Change in range based on change in superelevation 
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4-10. The same process can be applied if your gun is lowered by 1₥, in which case the projectile would hit
253 meters short of the target. This is shown in figure 4-8.

Figure 4-8. Drop superelevation results in change in range 

12 January 2026 



Table A, Basic Data 

12 January 2026 TC 3-20.31-044 49 

4-11. The change in range for a 1-mil change in superelevation (DR/DSE) column only provides distances
relating to a 1₥ increase or decrease in SE. When adding half values (2.5₥ of SE, for example), the DR/DSE
value is multiplied by that number and added to the range. Figure 4-9 illustrates this process.

Figure 4-9. Change in range for change in superelevation rules of thumb 
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CHANGE IN HEIGHT FOR 100-METERS CHANGE IN RANGE 
4-12. Column 4 describes a change in height corresponding with an increase or decrease of 100 meters in
range. Using the 2,200-meter target example and assuming a weapon system operator has estimated the range 
to target at 2,300 meters (100 meters greater than the actual range), calculate the change in height (also called
DH/DR). Figure 4-10 illustrates this process.

Figure 4-10. Change in height for a change in range 
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4-13. Aiming center mass at the 2,200-meter target while having 2,300-meter input to the ballistic solution
causes the strike of the M865 PIP to rise on target by 0.9 meters. Remember that the change in height for
100-meters change in range, or DH/DR, column only provides data based on 100-meter increments. The rules
of thumb shown in figure 4-11 provide examples of how to adjust for half-value increments like 50 meters,
150 meters, and so on.

Figure 4-11. Change in range for change in height rules of thumb 
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TIME OF FLIGHT 
4-14. Column 5 lists the time a projectile travels under standard conditions from the muzzle to the level point
on target. Figure 4-12 shows where to locate the time of flight.

Figure 4-12. Locating time of flight 
4-15. The answer in column 5, time of flight, is provided in seconds. The example in figure 4-12 shows an
M865 PIP round fired at 2,200 meters has a 1.71 second time of flight.
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DRIFT 
4-16. Drift is the angular displacement a projectile incurs when it is spun. The drift column is only used when 
using firing tables for rifled guns and cannons. This column accounts for the movement of a projectile to the
right side of the vertical plane when spin-stabilized projectiles are fired. The training sabot round for the
105-mm cannon is used in the drift example illustrated in figure 4-13.

Figure 4-13. Determining drift applied to the ballistic solution 
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10 KILOMETERS PER HOUR CROSSWIND DEFLECTION 
4-17. Column 6 is used to determine the change (in ₥) of the firing angle needed to correct for deflection
created by a 10 kilometers per hour (km/hr) crosswind. Crosswind is the lateral movement of wind between
the firing platform and target that has a lateral effect on projectile travel. When the ballistic computer
calculates crosswind deflection, it offsets the gun from the target aiming point to compensate for the
crosswind. Figure 4-14 illustrates the use of the ARC model for an M865 PIP experiencing crosswind when
fired at a 2,200-meter target.

Figure 4-14. Locating 10 kilometers per hour crosswind deflection 
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4-18. In the example from figure 4-14, the M865 PIP fired at a target 2,200 meters away requires the fire
control system to apply a 0.5₥ deflection into the 10 km/hr crosswind to strike the intended aiming point.
When fire control systems are fully operational, the ballistic computer would account for this change
automatically. The basics of this applied lead angle to the ballistic solution is shown in figure 4-15.

Figure 4-15. Crosswind with applied lead into wind 
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4-19. Column 6 can also be used to calculate the deflection for crosswind speeds less or greater than 10
km/hr. Determining true crosswind deflection requires determining a speed factor and then multiplying the
(column 6 value) by the speed factor. Figure 4-16 illustrates this process.

Figure 4-16. Determining deflection in crosswind speeds greater than 10 kilometers per hour 
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MAXIMUM ORDINATE 
4-20. Column 7 indicates the maximum height of a projectile’s trajectory when firing in standard conditions.
This height is the MAX ORD. Figure 4-17 shows where to locate MAX ORD.

Figure 4-17. Locating maximum ordinate 
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4-21. The MAX ORD is measured in meters above the gun-target line. Figure 4-18 illustrates the 3.6-meter
MAX ORD from the last example.

Figure 4-18. Maximum ordinate, example 

12 January 2026 
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RANGE TO MAXIMUM ORDINATE 
4-22. Column 8 lists the range from the muzzle to the point in the horizontal plane perpendicular to the MAX
ORD from column 7. Figure 4-19 shows how to determine the range to MAX ORD using Table A.

Figure 4-19. Determining the range to maximum ordinate, example 
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4-23. The range to MAX ORD is measured in meters. Figure 4-20 shows the 1,207-meter range to MAX
ORD (determined in the figure 4-19, page 59 example).

Figure 4-20. Range to maximum ordinate, example 
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ANGLE OF FALL 
4-24. Column 9 lists the least angle (in ₥) measured clockwise from the LOS to a line tangent to the trajectory 
at the level point. The level point can be visualized as the very end of the LOS—the point of impact on target.
When a projectile reaches that point, it is not level to the LOS but angled. This is because the projectile’s
trajectory is an arc, not a straight line. Figure 4-21 illustrates where to locate the angle of fall measurement.

Figure 4-21. Angle of fall 
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4-25. In the figure 4-21, page 61 example, the M865 PIP fired at a 2,200-meter target has an angle of fall of
8₥. Figure 4-22 illustrates this angle as it relates to the LOS and trajectory.

Figure 4-22. Visualizing angle of fall 
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REMAINING VELOCITY 
4-26. Column 10 lists the velocity (in m/s) of a projectile at the level point. The level point can be visualized
as the very end of the LOS—the point of impact on target. Figure 4-23 shows where to locate the remaining
velocity in Table A.

Figure 4-23. Remaining velocity 
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4-27. In the figure 4-23, page 63 example, the M865 PIP fired at a 2,200-meter target has a remaining velocity 
of 946m/s. Figure 4-24 illustrates the location of measurement for remaining velocity.

Figure 4-24. Visualizing remaining velocity 
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Chapter 5 

Table B, Maximum Ordinate, Range and Effect on Range 

This chapter provides an overview of Table B and each column is described with supporting 
computation examples. When appropriate, a description of how the column’s data impacts 
trajectory of a projectile is also described.  

OVERVIEW 
5-1. Table B, (MAX ORD, Range, and Effects on Range) are used to determine range effects for the
nonstandard conditions of MV, range wind, and air density. It is divided into nine columns comprised of six
primary segments (see figure 5-1, page 66):

• EL, in degrees (not ₥).
• MAX ORD, in meters.
• Range, in meters.
• Range effects for MV, 1m/s:

 Decrease in MV.
 Increase in MV.

• Range effects for range wind, 1km/hr:
 Headwind.
 Tailwind.

• Range effects for air density, 1 percent:
 Decrease in air density.
 Increase in air density.
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Figure 5-1. Table B overview 
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COLUMN 1—QUADRANT ELEVATION 
5-2. Column 1, quantified in degrees, indicates the QE required to reach the range in column 3. The last
(bottom) box in this QE column is the angle that produces the projectile’s maximum range under standard
conditions, rounded to the nearest whole degree. Figure 5-2 outlines these rounded QE values in column 1.

Figure 5-2. Column 1 
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COLUMN 2—MAXIMUM ORDINATE 
5-3. Column 2, quantified in meters, displays the MAX ORD of a projectile fired in standard conditions at
the QE listed in column 1. Figure 5-3 outlines column 2.

Figure 5-3. Column 2 
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COLUMN 3—RANGE 
5-4. Column 3, quantified in meters, indicates the distance measured from the muzzle to a target at the level
point when a projectile is fired under standard conditions. Figure 5-4 outlines column 3.

Figure 5-4. Column 3 
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DETERMINE MAXIMUM ORDINATE AND RANGE 
5-5. Figure 5-5 provides an example of MAX ORD and range calculation for a M865 PIP firing at 15° QE.
The maximum range is 7,855 meters with a MAX ORD of 1,188 meters.

Figure 5-5. Quadrant elevation for M865 PIP determining maximum ordinate and range 

12 January 2026 



Table B, Maximum Ordinate, Range and Effect on Range 

12 January 2026 TC 3-20.31-044 71 

COLUMNS 4 AND 5—MUZZLE VELOCITY 
5-6. Columns 4 and 5, quantified in meters, indicate the effect on range for a decrease or increase of 1 m/s in
MV. The effects on range are caused by a change from standard MV, provided on the ammunition cartridge
firing tables cover sheet. Figure 5-6 highlights column 4, showing the decreased range for a known MV
decrease.

Note. This column shows that for each m/s decrease in MV from the round’s standard, the round 
will travel x-meters less. 

Figure 5-6. Range effects for decrease in muzzle velocity 
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5-7. Column 5, quantified in meters, indicates the effect on range for an increase of 1m/s in MV. The effects
on range are caused by change from the standard MV, provided on the ammunition cartridge firing tables
cover sheet. Figure 5-7 highlights column 5.

Note. This column shows that for each m/s increase in MV from the round’s standard, the round 
will travel x-meters farther.  

Figure 5-7. Range effects for increase in muzzle velocity 
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CHANGES TO MUZZLE VELOCITY 
5-8. Units operating in austere environments, particularly those with extreme hot or cold conditions, can
experience changes in MV. Although MV changes can be minor, they can have a comparable effect on a
projectile’s flight. Figure 5-8 illustrates an example where MV has increased 150 m/s due to extremely high
ammunition propellant temperature. The hot ammunition temperature in this example increases the rate of
propellant burn, increasing the MV and range of projectile travel.

Figure 5-8. Range effects for an increase in muzzle velocity, example 
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COLUMNS 6 AND 7—RANGE WIND 
5-9. Column 6, quantified in meters, indicates the effect on range caused by a headwind of 1 km/hr. The
range effects are caused by wind blowing against the front of the projectile. This column is not to be confused
with the crosswind column in Table A, Basic Data. Figure 5-9 shows an example using column 6 to calculate
a decrease in range due to headwind.

Note. This column shows that for each kilometer-per-hour headwind affecting the projectile, the 
round will travel x-meters less. 

Figure 5-9. Range effects for headwind against a projectile 
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5-10. Column 7, quantified in meters, indicates the effect on range caused by a tailwind of 1km/hr. The range
effects are caused by a wind blowing with (against the rear of) the projectile. This column is not to be
confused with the crosswind column in Table A, Basic Data, which considers lateral projectile deviation.
Figure 5-10 shows an example using column 7 to calculate an increase in range due to tailwind.

Note. This column shows that for each kilometer-per-hour tailwind affecting the projectile, the 
round will travel x-meters farther. 

Figure 5-10. Range effects for tailwind 
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CHANGES IN RANGE WIND 
5-11. Range effects for range wind are the only columns in Table B that do not also utilize Table C for
calculations. The next chapter describes Table C in detail and incorporates more complex ballistic
calculations using it with Table B.

5-12. Using the M865 PIP, figure 5-11 shows an example of how to compute further range effects for a
tailwind. For this example, the QE is 15° and tailwind is 10 km/hr.

Figure 5-11. Range effects for a 10 kilometers per hour tailwind 
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5-13. Calculating a change in range for headwind is performed in the same manner as the example in figure
5-11, but this time by subtracting the effects on range due to range wind. Figure 5-12 illustrates this
computation using the M865 PIP, fired at 15° QE, and with a headwind of 10 km/hr.

Figure 5-12. Range effects for a 10 kilometers per hour headwind 
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5-14. Column 8 quantified in meters, displays the effect on range for a decrease of 1 percent in air density
from the standard. The effects on range are caused by change from standard air density (1,225 grams per
cubic meter) as measured at sea level. (Figure 5-13 highlights column 8 for an increase in range due to air
density.)

Note. This column shows that for each 1-percent decrease in air density from standard, the round 
will travel x-meters farther. Positive values indicate an increase to the maximum range due to less 
drag on the projectile. 

Figure 5-13. Range effects for air density decreases 
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5-15. Column 9, quantified in meters, indicates the effect on range for an increase of 1 percent in air density
from the standard. The effects on range are caused by change from standard air density (1,225 grams per
cubic meter) as measured at sea level. (Figure 5-14 highlights column 9 for a decrease in range due to air
density.)

Note. This column determines for each 1-percent increase in air density from standard affecting 
the projectile, the round will travel x-meters less. Negative values represent a decrease to the 
maximum range in meters, indicating more drag on the projectile. 

Figure 5-14. Range effects for air density increases 
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CHANGES TO AIR DENSITY 
5-16. Air density changes from standard sea level density affect how much drag is imposed on a projectile in
flight. Because higher density imposes more drag, a projectile encountering more resistance flies a shorter
distance. The opposite is true for lower densities.

5-17. Using the M865 PIP as an example, figure 5-15 illustrates how to compute range effects for an
increased air density. For this example, the QE is 15° and air density has increased by 3 percent.

Figure 5-15. Range effects for a 3-percent increase in air density 
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5-18. Calculating a change in range for decreased air density is performed the same manner as the example
in figure 5-15, but this time by adding the effects on range instead of subtracting. Figure 5-16 illustrates this
computation using the M865 PIP, fired at 15° QE, and with a 3-percent decrease in air density.

Figure 5-16. Range effects for a 3-percent decrease in air density 
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Chapter 6 

Effects on Muzzle Velocity Due to Ammunition 
Temperature 

This chapter provides an overview of Table C and each column is described with supporting 
computation examples. When appropriate, a description of how the column’s data impacts 
trajectory of a projectile is also described. 

OVERVIEW 
6-1. Table C describes the effects on MV due to ammunition temperature. This table is important because
ammunition temperature directly impacts how, and how fast, ammunition propellant burns. Cold ammunition 
propellant burns more slowly, causing reduced MV. Hot ammunition propellant burns faster, causing
increased MV. Table C is used in conjunction with Table B to determine range effects for MV. It is divided
into three columns (see figure 6-1, page 84):

• Temperature of ammunition, in degrees Fahrenheit (F).
• Effects on velocity, in m/s.
• Temperature of ammunition, in degrees Celsius (C).
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Figure 6-1. Table C overview 
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COLUMN 1—TEMPERATURE OF AMMUNITION (IN DEGREES 
FAHRENHEIT) 

6-2. Column 1, quantified in degrees F, shows ammunition temperature (the temperature of its propellant).
Real-world temperature of ammunition should be accurately measured before consulting Table C, as
estimations based on air temperature can result in inaccurate readings. Figure 6-2 highlights column 1.

Figure 6-2. Column 1 



Chapter 6 

86 TC 3-20.31-044 

COLUMN 2—EFFECTS ON VELOCITY 
6-3. Column 2 (see figure 6-3), quantified in m/s, shows the effects on velocity caused by ammunition
temperatures listed in columns 1 and 3. A decrease in MV is indicated with a negative number, while an
increase is indicated with a positive.

Figure 6-3. Column 2 
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COLUMN 3—TEMPERATURE OF AMMUNITION (IN DEGREES 
CELSIUS) 

6-4. Column 3 (see figure 6-4), quantified in degrees C, shows ammunition temperature (the temperature of
its propellant). Real-world temperature of ammunition should be accurately measured before consulting
Table C, as estimations based on air temperature can result in inaccurate readings.

Figure 6-4. Column 3 
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CHANGES TO AMMUNITION TEMPERATURE 
6-5. To determine the effects on velocity due to ammunition temperature, know the following:

• Ammunition type.
• Ammunition temperature.
• Standard MV.

6-6. Using the M865 PIP, figure 6-5 illustrates how to compute effects on MV for an increased ammunition
temperature. In this example, the ammunition temperature is 30°F.

Figure 6-5. Effects on muzzle velocity for ammunition temperature 
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Chapter 7 

Effects on Air Density Due to Altitude 

This chapter provides an overview of Table D, and each column is described with supporting 
computation examples. When appropriate, a description of how the column’s data impacts the 
trajectory of the projectile is also described. 

OVERVIEW 
7-1. Table D describes the effects on air density because of altitude. Standard air density at sea level is
1,225 grams per cubic meter (considered 100-percent density). Whenever possible, actual air density and its
difference from standard air density should be used instead of the values in this table. However, Table D
allows firing tables users to understand generally accepted air density variations at different ELs. Air density
and barometric pressure are related in fire control systems such as Abrams. EL changes to air density are
equivalent to EL changes to standard barometric pressure. It is important to ensure that a correct measurement 
is always taken. Unadjusted barometric pressure readings cause fire control systems to calculate inaccurate
ballistic solutions.

7-2. Table D is divided into 2 columns, altitude and decrease in air density. (Figure 7-1, page 90 shows
Table D.)
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Figure 7-1. Table D overview 
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COLUMN 1—ALTITUDE 
7-3. Column 1 of Table D (see figure 7-2) lists altitude in meters. It refers to the altitude of the firing platform
during firing.

Figure 7-2. Column 1 
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COLUMN 2—DECREASE IN AIR DENSITY 
7-4. Column 2 (see figure 7-3), quantified in percent, lists a decrease in air density for every increase in
altitude above sea level. Air becomes less dense, or thins, as EL increases. Changes in air density are
important to include in ballistic calculations because projectile velocities are impacted by air density
fluctuations.

Figure 7-3. Column 2 
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CHANGES TO ALTITUDE 
7-5. Change of firing position is usually accompanied by a minor but noticeable change of altitude. Figure 7-4
illustrates how to determine the effects on air density due to altitude for a firing EL of 1,100 meters.

Figure 7-4. Effects on air density due to altitude 
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Chapter 8 

Complex Application 

This chapter provides some of the most common practical applications for firing tables. The 
examples provided are not all-encompassing to what a unit may require but provide general 
examples for context and real-world use cases. 

OVERVIEW 
8-1. Detailed processes are provided to build a better understanding of the use of firing tables. They reinforce
the previous chapter’s information, procedures, and processes, and clearly demonstrate firing table
applicability for unit training or combat operations.

8-2. The following use cases are described in this chapter:
• Complex calculations using multiple tables.
• Determine battlesight range for an ammunition type.
• Interpolation.
• Round out of impact (ROI) area during live fire training:

 Wrong ammunition indexed.
 Wrong range-to-target induced.

• Incorrect environmental data:
 Ammunition temperature.
 Barometric pressure.
 Crosswind sensor.

8-3. These examples are for training purposes only. They present a problem, application of the firing tables,
and a solution. All information necessary to determine the solution is provided in the conditions statement
for each problem.

COMPLEX CALCULATIONS USING MULTIPLE TABLES 
8-4. The operational environment has all elements of the firing tables occurring simultaneously. Range wind,
altitude, air/ammunition temperatures, and air densities are continuously changing and must be included in a
complex firing table calculation. This means using multiples of or the full spectrum of Firing Tables A
through D to calculate a solution.

Note. Complex calculations in this chapter are examples and do not illustrate all combinations of 
calculations that may be necessary during application. 

COMPLEX CALCULATION 1—TABLES B AND C 
8-5. For this example, Tables B and C determine the effects on range due to ammunition temperature. This
is a more complex process than simply determining its effect on velocity. For this example, an M865 PIP
round with an ammunition temperature of 40°F is fired at 20° QE. Figures 8-1 and 8-2, pages 96 and 97,
respectively, illustrate the calculation process.
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Figure 8-1. Effects on range due to ammunition temperature Table C 
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Figure 8-2. Effects on range due to ammunition temperature Table B 
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COMPLEX CALCULATION 2—TABLES B AND C 
8-6. For this example, Tables B and C are used to determine the effects on range due to ammunition
temperature and a tailwind. An M865 PIP round with an ammunition temperature of 20°F is fired at 15° QE.
The existing tailwind is 30 km/hr. Figures 8-3 and 8-4 illustrate the determination process.

Figure 8-3. Effects on range due to ammunition temperature and tailwind Table C 
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Figure 8-4. Effects on range due to ammunition temperature and tailwind Table B 
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COMPLEX CALCULATION 3—TABLES B AND D 
8-7. For this example, Tables B and D are used to determine the effects on range due to an increase in altitude.
An M865 PIP round is fired at 15° QE at an altitude of 1,800m. Figures 8-5 and 8-6 illustrate the calculation
process.

Figure 8-5. Effects on range due to increased altitude Table D 
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Figure 8-6. Effects on range due to increased altitude Table B 

BATTLESIGHT RANGE 
8-8. Battle carry ammunition and battlesight range are used when an accurate target range cannot be
determined or when fire control computers are inoperable. Battlesight range is used on crew platforms to set
a default range value when the laser range finder is inoperative, multiple returns are frequent, or when fighting 
the platform while degraded.
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8-9. Unit standard operating procedures (also called SOPs) determine battlesight ranges based on the
commander’s analysis of METT-TC (I) which stands for mission, enemy, terrain and weather, troops and
support available, time available, civil considerations, and informational considerations. Master gunners are
responsible for maximizing lethality under any conditions; properly establishing battle carry ammunition and
battlesight range enables units to maintain overmatch when equipment does not operate as intended.

8-10. Firing tables are required to establish effective battle carry ammunition and battlesight ranges. Given a
commander’s assessment and the master gunner’s ability to take advantage of the relatively flat trajectories
of armor-defeating ammunition, table data is used to determine the best option for a high probability of
first-round strikes on target.

8-11. Master gunners take the information from the commander and determine battle carry ammunition and
battlesight range based on two main factors: height of the anticipated target and MAX ORD of the
ammunition type. The MAX ORD and range to MAX ORD for ammunition provides necessary information
to determine a battlesight range.

8-12. In this example (see figure 8-7), the unit determines a battlesight range for an M865 PIP. The battlesight
range creates a default range value for the ballistic solution. The battlesight range should provide the highest
probability of hit while minimizing the potential for the round to fly over the target.

Figure 8-7. Identify center of visible mass to determine maximum ordinate 
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8-13. Figure 8-8 depicts a T90S’s center of visible mass, where gunners should aim. If the T90 is fully visible,
the center of visible mass is half its height. In this example, 1.15 meters is the center of the visible mass.
Determining the appropriate battlesight range uses that value, rounded to the nearest match in firing tables,
to find the MAX ORD for the round. This ensures that the target can be struck at all distances out to at least
the battlesight range.

Figure 8-8. Identify battlesight range from maximum ordinate and center of visible mass 
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8-14. In the figure 8-8 example on page 103, 1.2 meters is the rounded value to find in the MAX ORD column
(column 7). The range (column 1) at which the MAX ORD occurs is 1,400 meters. This is the determined
battlesight range for the M865 PIP for this unit.

DISTANCE X 
8-15. When constructing a range in austere conditions, ammunition surface danger zones (SDZs) are drawn
to ensure the range is safe for use. When planning ranges with various SDZs, the maximum planned
superelevation for a weapon system is typically 10° of QE. The rule of thumb is to plan for a maximum of
10° and build scenarios that require no more than 5°. Figure 8-9 shows how to determine distance X to
support the SDZ development.

Figure 8-9. Determine distance x 
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LOCATE LOST ROUND 
8-16. Figure 8-10 provides a use case example determining the general location of a round fired out of impact.
Firing out of impact voids any SDZ waiver for the training facility and may halt unit training. In this example,
a tank was maneuvering out of a steep ravine when the gun fired. The QE during firing was 30°. Table B is
used to determine the maximum range the round traveled when fired under these conditions.

Figure 8-10. Determining maximum range use case 
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INTERPOLATION 
8-17. This section focuses on the first three columns of Table B: QE, MAX ORD, and range. To illustrate
the process of interpolation (the estimation of a value between two known values), example prompts are
provided followed by illustrations of the calculation methods. Interpolation can be performed using multiple
columns. An example is provided for interpolating with an unlisted QE for the following:

• Maximum range.
• MAX ORD.
• Change in MV, 1m/s.
• Range wind effects, 1 km/hr.
• Air density effects, 1 percent change.

INTERPOLATION FOR UNLISTED QUADRANT ELEVATION—MAXIMUM RANGE 
8-18. When a range determination is required for a QE listed between the 5-degree increments listed, use
interpolation. Interpolation is the estimation of a value between two known (listed) values.

8-19. Because Table B only lists QE data in increments of 5°, the situation arises where firing tables are
needed to compute a MAX ORD or range for unlisted QEs that fall between those increments. For example,
a cartridge, 120MM, TPCSDS-T M865 PIP has been fired and landed out of impact. The round was fired at
13° QE, which is unlisted in Table B. What is the MAX ORD and maximum range of the fired round?

8-20. Figures 8-11 through 8-16 through page 111 illustrate an example of QE interpolation to estimate
maximum range for the M865 PIP fired at 13° QE. There are six steps to determining the estimated range.

Figure 8-11. Determining range using interpolation of the quadrant elevation, example, step 1 
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Figure 8-12. Determining range using interpolation of the quadrant elevation, example, step 2 
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Figure 8-13. Determining range using interpolation of the quadrant elevation, example, step 3 
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Figure 8-14. Determining range using interpolation of the quadrant elevation, example, step 4 
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Figure 8-15. Determining range using interpolation of the quadrant elevation, example, step 5 
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Figure 8-16. Determining range using interpolation of the quadrant elevation, example, final 
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INTERPOLATION FOR UNLISTED QUADRANT ELEVATION—MAXIMUM ORDINATE 
8-21. When determining the MAX ORD for a QE between the listed 5-degree values in a firing table,
interpolation helps approximate a value. Interpolation is the estimate between two known values. Although
not exactly precise, the solution provides an approximation that can be used for clearance of fires and that
the trajectory ensures a path clear of physical barriers.

8-22. Figures 8-17 through 8-22 through page 117 provide an example of QE interpolation to estimate MAX
ORD. In this example, the M865 PIP round is fired at 134° QE. There are six steps to determining the MAX
ORD.

Figure 8-17. Determining maximum ordinate using interpolation of the quadrant elevation, 
example, step 1 
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Figure 8-18. Determining maximum ordinate using interpolation of the quadrant elevation, 
example, step 2 
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Figure 8-19. Determining maximum ordinate using interpolation of the quadrant elevation, 
example, step 3 
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Figure 8-20. Determining maximum ordinate using interpolation of the quadrant elevation, 
example, step 4 
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Figure 8-21. Determining maximum ordinate using interpolation of the quadrant elevation, 
example, step 5 
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Figure 8-22. Determining maximum ordinate using interpolation of the quadrant elevation, 
example, final 
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INTERPOLATION FOR UNLISTED QUADRANT ELEVATION—EFFECTS OF MUZZLE VELOCITY 
8-23. When determining the effects of MV for a QE between the listed 5-degree values in the firing table,
interpolation helps approximate a value. Interpolation is the estimate between two known values. Although
not exactly precise, the solution provides an approximation that can be used for estimating the effects of MV.

8-24. Figures 8-23 through 8-28 through page 123 provide an example of QE interpolation to estimate a
change in MV. In this example, the M865 PIP round is fired at 13° QE. There are six steps to determining
the effects of MV.

Figure 8-23. Determining effects of muzzle velocity using interpolation of the quadrant 
elevation, example, step 1 
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Figure 8-24. Determining effects of muzzle velocity using interpolation of the quadrant 
elevation, example, step 2 
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Figure 8-25. Determining effects of muzzle velocity using interpolation of the quadrant 
elevation, example, step 3 
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Figure 8-26. Determining effects of muzzle velocity using interpolation of the quadrant 
elevation, example, step 4 
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Figure 8-27. Determining effects of muzzle velocity using interpolation of the quadrant 
elevation, example, step 5 
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Figure 8-28. Determining effects of muzzle velocity using interpolation of the quadrant 
elevation, example, final 
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INTERPOLATION FOR UNLISTED QUADRANT ELEVATION—RANGE WIND EFFECTS 
8-25. When determining the effects of range wind for a QE between the listed 5-degree values in the firing
table, interpolation helps approximate a value. Although not exactly precise, the solution provides an
approximation that can be used for estimating how the effects of range wind impact the range travel of the
projectile.

8-26. Figures 8-29 through 8-34 through page 129 provide an example of QE interpolation to estimate range
wind effects on range. In this example, the M865 PIP round is fired at 13° QE. There are six steps to
determining the effects of range wind.

Figure 8-29. Determining effects of range wind using interpolation of the quadrant elevation, 
example, step 1 
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Figure 8-30. Determining effects of range wind using interpolation of the quadrant elevation, 
example, step 2 
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Figure 8-31. Determining effects of range wind using interpolation of the quadrant elevation, 
example, step 3 
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Figure 8-32. Determining effects of range wind using interpolation of the quadrant elevation, 
example, step 4 
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Figure 8-33. Determining effects of range wind using interpolation of the quadrant elevation, 
example, step 5 
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Figure 8-34. Determining effects of range wind using interpolation of the quadrant elevation, 
example final 
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INTERPOLATION FOR UNLISTED QUADRANT ELEVATION—AIR DENSITY EFFECTS 
8-27. When determining the effects of air density for a QE between the listed 5-degree values in the firing
table, interpolation helps approximate a value. Although not exactly precise, the solution provides an
approximation that can be used for estimating how the effects of air density on range impact the range travel
of the projectile.

8-28. Figures 8-35 through 8-40 through page 135 provide an example of QE interpolation to estimate air
density effects on range. In this example, the M865 PIP round is fired at 13° QE. There are six steps to
determine the effects of air density.

Figure 8-35. Determining effects of air density using interpolation of the quadrant elevation, 
example, step 1 

12 January 2026 



Complex Application 

12 January 2026 TC 3-20.31-044 131 

Figure 8-36. Determining effects of air density using interpolation of the quadrant elevation, 
example, step 2 
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Figure 8-37. Determining effects of air density using interpolation of the quadrant elevation, 
example, step 3 
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Figure 8-38. Determining effects of air density using interpolation of the quadrant elevation, 
example, step 4 
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Figure 8-39. Determining effects of air density using interpolation of the quadrant elevation, 
example step 5 
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Figure 8-40. Determining effects of air density using interpolation of the quadrant elevation, 
example, final 
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QUADRANT ELEVATION, MAXIMUM ORDINATE, AND RANGE USE CASE 
8-29.  There are several firing occasions where the use of Table B’s first three columns is necessary. Some
use cases include the following:

• Determining distance variable X for an SDZ (An SDZ is typically measured based on range at 10°
QE for the ammunition type).

• Determining the general location of an ROI.
• Employing indirect fire applications using the main gun.
• Designing and constructing ranges.

8-30. Examples are provided for determining distance X and maximum range based on QE. These examples
use Table B.

Round Out of Impact—Sabot Fired with Coax Indexed 
8-31. A tank fires an ROI causing a cease-fire freeze. When the crew is asked what was fired and how, they
say they fired sabot with the master blaster after a misfire. The master gunner must analyze what led to the
misfire and why the projectile left the SDZ.

8-32. Upon analysis, it is discovered that the prior engagement consisted of a tank and troop presentation.
The crew successfully engaged the tank target with sabot indexed and proceeded to index coax to service the
troops. The most common cause of ROI, having high-explosive antitank (HEAT) indexed when firing sabot,
is ruled out as there were no HEAT engagements immediately prior to firing the ROI. All HEAT rounds
allocated to the run were still in the ready ammunition compartment.

8-33. Ruling out HEAT index, the master gunner evaluates the actions taken immediately prior to the ROI.
Having serviced troops last, the coaxial-ready ammunition box is inspected. No rounds remain after the prior
engagement. When the crew is confronted, the gunner does not remember running out of coax ammunition.
At this point, the master gunner identifies that coax is still selected on the gunner’s primary sight lower panel
and the gun tube SE is far higher than it would be if MAIN was selected. The correct range to target was
input before firing.

8-34. In this example, the master gunner determines that after expending all 7.62-mm coax ammunition, the
gunner did not index main gun before proceeding to the next engagement, which presented a single stationary
tank. When the target lifted, the gunner indexed sabot while coax was still selected and attempted to fire at a
1,720-meter tank target. The fire control system induced the required SE for 7.62-mm M80 ammunition to
hit the target. Because the main gun was not selected and the coaxial was out of ammunition, the gunner
attempted to fire, but no ignition occurred. The gunner then announced MISFIRE using the “master blaster”
to manually fire the main gun. The fired main gun round missed the target and landed out of impact due to
excessive SE. Now, the traveled distance of the projectile must be determined.

8-35. Figure 8-41 illustrates the 1,720-meter tank target at 90-meters EL, which is 53.25₥ above the firing
position. Because coax was indexed and 7.62-mm M80 ammunition was used, the firing table for M80 is
used to determine the SE.
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Figure 8-41. Round out of impact sabot with coax indexed, example 

Note. The location of impact varies greatly depending on equipment and environmental conditions 
like barometric pressure, air temperature, ammunition temperature, range winds, wind speeds, 
impact mediums, and terrain. All influences must be considered when estimating the impact 
location of ROI. 
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Round Out of Impact—Incorrect Lase to Target 
8-36. A tank fired an ROI. The gunner placed the Eye-safe Laser Range Finder (also called ELRF) to last
return and induced a 3,500-meter range for a target at 1,200 meters. How far did the round travel?

8-37. Figure 8-42 illustrates the 1,200-meter tank target at 50-meters EL, which is 42.42₥, above the firing
position. The M865 PIP firing tables are the only ones used for this example.

Figure 8-42. Round out of impact sabot with incorrect lase to target, example 

Note. The location of impact varies greatly depending on equipment and environmental conditions 
like barometric pressure, air temperature, ammunition temperature, range winds, wind speeds, 
impact mediums, and terrain. All must be considered when estimating impact location of ROIs. 
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Distance X 
8-38. In austere environments where a range must be built from scratch, SDZs are developed and cleared for
each planned ammunition type. Typically, 10° of QE is used to determine distance X when developing SDZs.
Figure 8-43 illustrates using Table B to determine distance X.

Figure 8-43. Determine distance x 



This page intentionally left blank. 



12 January 2026 TC 3-20.31-044 141 

Appendix A 

Accessing Digital Firing Tables 

Obtaining firing tables requires a common access card (also called CAC) and submitting a 
publications management application (PMA) through Picatinny Arsenal’s Joint Center of 
Excellence for Guns and Ammunition PMA managers. Once an account is approved, access to 
firing tables is granted on a need-to-use basis. 

PUBLICATIONS MANAGEMENT APPLICATION 
A-1. Firing tables are accessed by visiting the PMA homepage. Registration is required and navigating to
the website prompts information fields to appear on-screen. Figure A-1 displays the PMA pages new users
must complete.

Figure A-1. Publications management application 

Figure A-1. Publications management application (continued) 
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A-2. Once granted access to the Picatinny Arsenal Joint Center of Excellence for Guns and Ammunition
publications, firing tables are accessible by request to the PMA manager. The PMA manager must be
contacted by email or phone to obtain the firing tables needed. Authorized firing tables are available in the
My eTFT Library as PDF files. Figures A-2 and A-3 illustrate the menu selection to arrive at the eTFT library.

Figure A-2. Locating the My eTFT Library tab 

Figure A-3. My eTFT Library Firing Tables Access web page 
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Appendix B 

Firing Tables 

This appendix includes sample firing tables for various ammunition types. They are for training 
purposes only. These samples are used to reinforce the practical application examples provided 
in this manual. 
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120MM 
B-1. The first example firing table describes the 120mm M865 PIP. Figures B-2 through B-5 through
page 150 illustrate its data.

Figure B-1. 120mm M865 PIP Firing Tables Cover 
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Figure B-2. 120mm M865 PIP explanation of tables 
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Figure B-2. 120mm M865 PIP explanation of tables (continued) 
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Figure B-2. 120mm M865 PIP explanation of tables (continued) 

Figure B-2. 120mm M865 PIP explanation of tables (continued) 
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Figure B-3. 120mm M865 PIP Firing Table A 
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Figure B-4. 120mm M865 PIP Firing Tables B and C 
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Figure B-5. 120mm M865 PIP Firing Table D 
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105MM 
B-2. The next example firing table describes the 105mm cartridge white phosphorous with tracer (WP-T)
M416. Figures B-6 through B-10 through page 159 illustrate its data.

Figure B-6. 105mm WP-T M416 Firing Tables Cover 
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Figure B-7. 105mm WP-T M416 explanation of tables 
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Figure B-7. 105mm WP-T M416 explanation of tables (continued) 
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Figure B-7. 105mm WP-T M416 explanation of tables (continued) 
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Figure B-7. 105mm WP-T M416 explanation of tables (continued) 
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Figure B-8. 105mm WP-T M416 Firing Table A 
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Figure B-8. 105mm WP-T M416 Firing Table A (continued) 
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Figure B-9. 105mm WP-T M416 Firing Tables B and C 
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Figure B-10. 105mm WP-T M416 Firing Table D 
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25MM 
B-3. The next example firing table describes the 25mm M791. Figures B-11 through B-15 through page 167
illustrate its data.

Figure B-11. 25mm M791 Firing Tables Cover 
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Figure B-12. 25mm M791 explanation of tables 
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Figure B-12. 25mm M791 explanation of tables (continued) 
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Figure B-12. 25mm M791 explanation of tables (continued) 
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Figure B-12. 25mm M791 explanation of tables (continued) 
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Figure B-13. 25mm M791 Firing Table A 
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Figure B-14. 25mm M791 Firing Tables B and C 
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Figure B-15. 25mm M791 Firing Table D 



Appendix B 

168 TC 3-20.31-044 

40MM 
B-4. The next example firing table describes the 40mm M781. Figures B-16 through B-20 through page
175 illustrate its data.

Figure B-16. 40mm M781 Firing Tables Cover 
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Figure B-17. 40mm M781 explanation of tables 
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Figure B-17. 40mm M781 explanation of tables (continued) 
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Figure B-17. 40mm M781 explanation of tables (continued) 
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Figure B-17. 40mm M781 explanation of tables (continued) 
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Figure B-18. 40mm M781 Firing Table A 
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Figure B-19. 40mm M781 Firing Tables B and C 
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Figure B-20. 40mm M781 Firing Table D 
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.50 CAL 
B-5. The next example firing table describes the .50 CAL M8. Figures B-21 through B-25 through page 183
illustrate its data.

Figure B-21. .50 CAL M8 Firing Tables Cover 
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Figure B-22. .50 CAL M8 explanation of tables 
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Figure B-22. .50 CAL M8 explanation of tables (continued) 
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Figure B-22. .50 CAL M8 explanation of tables (continued) 
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Figure B-22. .50 CAL M8 explanation of tables (continued) 
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Figure B-23. .50 CAL M8 Firing Table A 
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Figure B-24. .50 CAL M8 Firing Tables B and C 
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Figure B-25. .50 CAL M8 Firing Table D 
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7.62MM 
B-6. The next example firing table describes the 7.62mm M-80. Figures B-26 through B-30 through
page 191 illustrate its data.

Figure B-26. 7.62mm M80 Firing Tables Cover 
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Figure B-27. 7.62mm M80 explanation of tables 
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Figure B-27. 7.62mm M80 explanation of tables (continued) 
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Figure B-27. 7.62mm M80 explanation of tables (continued) 
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Figure B-27. 7.62mm M80 explanation of tables (continued) 
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Figure B-28. 7.62mm M80 Firing Table A 
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Figure B-29. 7.62mm M80 Firing Tables B and C 
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Figure B-30. 7.62mm M80 Firing Table D 
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Glossary 
The glossary lists acronyms and terms with Army definitions. 

SECTION I – ACRONYMS AND ABBREVIATIONS 
° degrees  

AoB axis of the bore 
ARC ammunition, range, column 

BK ballistic kernel 
BRL Ballistic Research Laboratory 

C Celsius 
DA Department of the Army 

DR/DSE change in range for a 1-mil change in superelevation 
EL elevation 

F Fahrenheit 
FFI Forsvarets Forshningsinsitutt 
FM field manual 

FTaB firing tables and ballistics 
HEAT high-explosive antitank 
IMBC improved mortar ballistic computer 
km/hr kilometers per hour 

LoD line of departure 
LoE line of elevation 
LOS line of sight 

₥ mils 
m/s meters per second 

MACH mach number 
MAX ORD maximum ordinate 

MCTP Marine Corps tactical publication 
mm millimeters 

MPM modified point mass 
MV muzzle velocity 

NABK NATO Armament Ballistic Kernel 
NATO North Atlantic Treaty Organization 

PIP performance improvement package 
PMA publications management application 

QE quadrant elevation 
ROI round out of impact 
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SDZ surface danger zone 
SE superelevation 
TC training circular 
TE tangent elevation 

TFT tabular firing tables 
TPCSDS-T target practice cone stabilized discarding sabot with tracer 

U.S. United States 
WP-T white phosphorous with tracer 

SECTION II – TERMS 
aeroballistics 

The science of ballistics combined with that of aerodynamics, dealing primarily with the flight path of 
projectiles, rockets, guided missiles, and others, through the atmosphere. 

aerodynamic characteristics 
The branch of mechanics that deals with the motion of air and other gases and with the effects of such 
motion on objects in such a media. 

axis of the bore 
The line passing through the center of the bore. 

azimuth 
For fire control systems, azimuth is the rotation of a weapon about the pintle or turret ring (side to side) 
as opposed to elevation, which is up and down. Azimuth also indicates direction in degrees or mils. It 
can be measured using a compass, optic, or sensor to determine the angular relationship between two 
or more points. 

ballistic drift 
The lateral departure of spin-stabilized ammunition from the gun-target line. Only spin-stabilized 
rounds are affected. 

ballistic trajectory 
The path of a projectile when influenced only by external forces such as gravity and atmospheric 
friction. 

ballistics 
The science or study of the motion, propulsion, flight, and impact of projectiles. It is also the art or 
science of designing projectiles for maximum flight or terminal effects performance. 

caliber 
The measurement of the diameter of the bore of the gun. This measurement is also used as a relational 
distance, for example “the last 5 calibers of the gun.” 

commencement of rifling 
The point in a rifled gun tube at which the lands have attained full size. 

distance x 
The maximum distance a projectile (to include guided missiles and rockets) will travel when fired or 
launched at a given quadrant elevation with a given charge or propulsion system. 

exterior/external ballistics 
Encompasses the period from when the projectile has left the muzzle and any sabot pedal discard has 
occurred until impact with the target. It includes the projectile muzzle velocity, projectile dynamics 
and stability, the predicted flight path, time of flight, and the angle, velocity, and location of impact. It 
is the study of projectiles in flight. 
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fire control 
The science of offsetting the direction of weapon fire from the line of sight to the target to hit the 
target. 

jump 
Vertical jump is the angle, measured in ₥, between the line of departure and the line of elevation. 

kinetic energy 
Energy due to mass and velocity. It can be calculated by taking half the mass and multiplying it by the 
velocity squared (1/2 mv²). 

line of departure 
The center of axis as the projectile leaves the muzzle. 

line of elevation 
The center of the axis of the gun bore. Also known as the axis of the bore, the line of elevation 
describes the exact bore centerline from the chamber region, to the muzzle, and onward indefinitely. 

line of sight 
The straight line between the gun sight and the target. 

Mach number 
The speed (velocity) of the projectile in relation to the speed of sound (343m/s). 

maximum ordinate 
The maximum height the projectile will travel above the gun line of sight on its path to the point of 
impact. 

muzzle velocity 
The speed (velocity) of the projectile approximately 2 feet beyond the muzzle of the gun (after shot 
exit). 

obscuration 
The effects of firing which hinder observation. 

prediction angle 
The angle between the line of sight (the line from the weapon station to target at the instant the weapon 
fires) and the weapon line (the extension of the weapon axis). 

superelevation/tangent elevation 
The gun angle between the line of sight and axis of the bore measured in ₥. 

surface danger zone 
The ground and airspace designated within the training complex, to include associated safety areas, for 
vertical and lateral containment of projectiles, fragments, debris, and components resulting from the 
firing, launching, or detonation of weapon systems to include explosives and demolitions. 

time of flight 
The time taken for a projectile to reach a given range after firing. 

yaw 
The rotation of the nose of a projectile away from the line of flight in the Y-axis. 
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6-5
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1-5
ballistic trajectory. 2-10 
ballistics. 2-8 
battlesight range. 8-8 

C 
caliber. 2-11 
commencement of rifling. 2-12 
conversion factors. 3-7 
crosswind. 4-17 

D 
data reduction. 1-40 

distance X. 8-15 
drift. 4-16 

E 
elevation. 1-2 

F 
Firing Tables and Ballistics 

Division. 1-15, 1-23 

H 
headwind. 5-9 

I 
interpolation. 8-17 

J 
jump. 2-14 

K 
kinetic energy. 2-15 

L 
line of departure. 2-18 
line of elevation. 2-17 
line of sight. 2-16 

M 
MACH. 2-21 
maximum ordinate. 2-19 

muzzle velocity. 2-20 

O 
obscuration. 2-22 

P 
publications management 

application. A-1 

Q 
quadrant elevation. 5-1, 8-25 

R 
range wind. 5-9, 5-13, 8-26 
remaining velocity. 4-26 
rifling. 2-12 
round out of impact. 8-31, 8-36 

S 
superelevation. 4-6 

T 
tabular firing tables. 1-2 
tailwind. 5-10 
tangent elevation. 2-23 
time of flight. 2-24 

Y 
yaw. 2-25 
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