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C1, FM 6-40/MCWP 3-1.6.19
Change HEADQUARTERS
No.1 DEPARTMENT OF THE ARMY
Washington, DC, 1 October 1999
Tactics, Techniques, and Procedures for
FIELD ARTILLERY
MANUAL CANNON GUNNERY
FM 6-40/MCWP 3-16.4, April 1996, is changed as follows:
1. Change the following paragraphs or sections (changes are in bold type):
Replace Paragraph 6-1, Page 6-1 with the following:
6-1. Description
A firing chart is a graphic representation of a portion of the earth's surface used for determining
distance (or range) and direction (azimuth or deflection). The chart may be constructed by using a
map, a photomap, a gridsheet, or other material on which the relative locations of batteries, known
points, targets, and observers can be plotted. Additional positions, fire support coordinating measures,

and other data needed for the safe and accurate conduct of fire may also be recorded.

Replace Step 5, Table 6-6, Page 6-19 with the following:

5 Place a plotting pin opposite the number on the azimuth scale (blue numbers) on the arc of the
RDP corresponding to the last three digits of the azimuth in which the arm of the RDP is
oriented. The location of the pin represents a temporary index and will not be replaced with a
permanent index. The value of the pin is the value of the first digit of the azimuth in which the
arm o f the RDP is oriented. Use the rules outlined in step 4 of Table 6-5 to determine where
the pin should be placed. In Figure 6-15, the azimuth of lay is 1850, so the RDP has been
oriented east (1600 mils).

Replace Figure 7-1, Page 7-1 with the following:

STANDARD CONDITIONS

WEATHER

1 AIR TEMPERATURE 100 PERCENT (59° F)

N

AIR DENSITY 100 PERCENT (1,225 gm/m°)

3 NO WIND

POSITION

1 GUN, TARGET AND MDP AT SAME ALTITUDE

2 ACCURATE RANGE
3 NO ROTATION OF THE EARTH

MATERIAL
1 STANDARD WEAPON, PROJECTILE, AND FUZE
2 PROPELLANT TEMPERATURE (70° F)
3 LEVEL TRUNNIONS AND PRECISION SETTINGS
4 FIRING TABLE MUZZLE VELOCITY

5 | NODRIFT

LEGEND: gm/ml“"- grams per cubic meter




Replace Table C-6, page C-18, with the following

Table C-6. Target Acquisition Method.

TLE = 0 Meters (CEP)

TLE = 75 Meters (CEP)

TLE = 150 Meters (CEP)

TLE = 250 Meters (CEP)

Forward observer with laser
Target area base
Photointerpretation
Airborne target location

Counterbattery Radar
Airborne infrared system
Flash ranging
Countermortar radar

Sound ranging

Forward observer w/o laser
Air observer

Tactical air

Forward observer (non FA)

Long-range patrol
Side-looking airborne radar
Communications intel

Shell reports

2. Remove old pages and insert new pages indicated below:
REMOVE PAGES INSERT PAGES
8-16 8-16

15-7 TO 15-25 15-7 TO 15-45

(Including Figure 15-22
on page 15-26)
3. Insert new pages as indicated below:
INSERT PAGES
13-77 to 13-82

4. File this transmittal sheet in the front of the publication for reference.
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. ____________________________________________________________________________________________________________|
PREFACE

This field manual (FM) explains all aspects of the cannon gunnery problem and presents a practical zg)plica_tion of the
science of ballistics. It includes step-by-step instructions for manually solving the gunnery problem and applies to units
organized under tables of organization and equipment (TOE) of the L series. The material concerns nonnuclear solutions
to the gunnery problem. Automated procedures are covered in ST 6-40-2, ST 6-40-31, and ST 6-50-60.

This publication is a guide for field artillery (FA) officers (commanders and fire direction officers EFDOS]), FA
noncommissioned officers (NCOs), and enlisted personnel in the military occupational specialty (MOS) of cannon
gunnery (MOS 13E; United States Marine Corps [USMC] MOS 0844/48).

This publication implements the following North Atlantic Treaty Organization (NATO) Standardization Agreements
(STANAGS)/Quadripartite Standardization Agreements (QSTAGS):

STANAG STAG TITE _ o

2934 (Chap 10) (Ed 1) 182 (Ed 2)  Artillery Procedures, Battlefield Illumination

2934 (Chap 6) (Ed 1 255 (Ed 3)  Artillery Procedures, Call for Fire Procedures

2934 (Chap 7) (Ed 1 221 (Ed 2)  Atrtillery Procedures, Target Numbering System (Nonnuclear)

2934 (Chap 5) (Ed 1 246 (Ed 3 A}rg\lltev Prggedures, Radio Telephone Procedures for the Conduct
of Artillery Fire

2934 (Chap 3) (Ed 1) 217 (Ed 2) A}rg\llgrﬁ/ rocedures, Tactical Tasks and Responsibilities for Control
of Artiller

2963 (Ed 1 802 (Ed 1 Coordinat%c/)n of Field Artillery Delivered Scatterable Mines

4119 (Ed 1 220 (Ed 2)  Adoption of a Standard (Cannon) Artillery Firing Table Format

none 224 (Ed 2)  Manual Fire Direction Equipment, Target Classification, and

Methods of Engagement for Post-1970 -
4425 (Ed 1) none Procedure to Determine the Degree of Interchangeability of NATO
Indirect Fire Ammunition-APO-29

The proponent of this publication is Headquarters (I-1Q), US Army Training and Doctrine Command (TRADOC(}: Send
comments and recommendations on DA Form 2028 (Recommended Changes to Publications and Blank Forms) directly
to Commandant, US Army Field Artillery School (USAFAS), ATTN: ATSF-GD, Fort Sill, OK 73503-5600.

Unless this publication states otherwise, masculine nouns and pronouns do not refer
exclusively to men.

W

Xviii
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Chapter 1
THE GUNNERY PROBLEM AND THE GUNNERY TEAM

The mission of the Field Artillery is to destroy, neutralize, or suppress the enemy by
cannon, rocket, and missile fires and to help integrate all fire support assets into combined arms
operations. Field artillery weapons are normally employed in masked or defilade positions to
conceal them from the enemy. Placing the firing platoon in defilade precludes direct fire on most
targets. Consequently, indirect fire must be used when FA weapons fire on targets that are not
visible from the weapons. The gunnery problem is an indirect fire problem. Solving the problem
requires weapon and ammunition settings that, when applied to the weapon and ammunition, will
cause the projectile to achieve the desired effects on the target.

1-1. Gunnery Problem Solution
a. The steps in solving the gunnery problem areas follows:
(1) Know the location of the firing unit, and determine the location of the target.

(2) Determine chart (map) data (deflection, range from the weapons to the target,
and altitude of the target).

(3) Determine vertical interval (VI) and site (si).

(4) Compensate for nonstandard conditions that would affect firing data
(meteorological [met] procedures).

(5) Convert chart data to firing data (shell, charge, fuze, fuze setting, deflection, and
quadrant elevation).

(6) Apply the firing data to the weapon and ammunition.
b. The solution to the problem provides weapon and ammunition settings that will cause

the projectile to function on or at a predetermined height above the target. This is necessary so
the desired effects will be achieved.

1-2. Field Artillery Gunnery Team

The coordinated efforts of the field artillery gunnery team are required to accomplish the
solution of the gunnery problem outlined in paragraph 1-2. The elements of the team must be
linked by an adequate communications system.

NOTE: The terms battery and platoon used throughout this manual are
synonymous, unless otherwise stated.
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a. Observer. The observer and/or target acquisition assets serve as the “eyes and ears”
of all indirect fire systems. The mission of the forward observer is to detect and locate suitable
indirect fire targets within his zone of observation and bring fires on them. When a target (tgt) is
to be attacked, the observer transmits a call for fire and adjusts the fires onto the target as
necessary. An observer provides surveillance data of his own fires and any other fires in his zone
of observation. Field artillery observers include the following:

o Aerial observers (AOs).

e Forward observers (F0s).

® Fire support teams (FISTS).

® Combat observation/lasing teams (COLTS).

e Air and naval gunfire liaison company (ANGLICO).
e Firepower control teams (FCTSs).

e Any other friendly battlefield personnel.

b. Target Acquisition. Target acquisition assets also function as observers. They
provide accurate and timely detection, identification, and location of ground targets, collect
combat and/or target information, orient and/or cue intelligence sources, and permit immediate
attack on specific areas. Field artillery target acquisition (TA) assets include the following:

e \Weapons-locating radar sections.

® Aircraft radar systems.

NOTE: See FM 6-121 for a discussion of TA assets. See FMs 100-2-1, 100-2-2,
and 100-2-3 for information on target characteristics.

c. Fire Direction Center. The fire direction center (FDC) serves as the “brains” of the
gunnery team. It is the control center for the gunnery team and is part of the firing battery
headquarters. The FDC personnel receive calls for fire directly from an observer or they maybe
relayed through the initial fire support automated system (IFSAS) at battalion level. The FDC
will then process that information by using tactical and technical fire direction procedures.

(1) Tactical fire direction includes processing calls for fire and determining
appropriate method of fire, ammunition expenditure, unit(s) to fire, and time of attack. The fire
direction officer’s decision on how to engage the target is concisely stated as a FIRE ORDER.

(2) Technical fire direction is the process of converting weapon and ammunition
characteristics (muzzle velocity, propellant temperature, and projectile weight), weapon and
target locations, and met information into firing data. Firing data consist of shell (sh), charge
(chg), fuze (fz), fuze setting (FS), deflection (df), and quadrant elevation (QE). The FDC
transmits firing data to the guns as fire commands.

1-2
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d. Firing Battery. The firing battery serves as the “muscle” of the gunnery team. The
firing battery includes the battery HQ, the howitzer sections, the ammunition section, and the
FDC. The howitzer sections apply the technical firing data to the weapon and ammunition.
Organization and employment considerations of the firing sections are discussed in FM 6-50.

1-3. Five Requirement for Accurate Predicted Fire

To achieve accurate first-round fire for effect (FFE) on a target, an artillery unit must
compensate for nonstandard conditions as completely as time and the tactical situation permit.
There are five requirements for achieving accurate first-round fire for effect. These requirements
are accurate target location and size, firing unit location, weapon and ammunition information,
met information, and computational procedures. If these requirements are met, the firing unit
will be able to deliver accurate and timely fires in support of the ground-gaining arms. If the
requirements for accurate predicted fire cannot be met completely, the firing unit maybe required
to use adjust-fire missions to engage targets. Adjust-fire missions can result in less effect on the
target, increased ammunition expenditure, and greater possibility that the firing unit will be
detected by hostile TA assets.

a. Target Location and Size. Establishing the range (rg) from the weapons to the
target requires accurate and timely detection, identification, and location of ground targets.
Determining their size and disposition on the ground is also necessary so that accurate firing data
can be computed. Determining the appropriate time and type of attack requires that the target
size (radius or other dimensions) and the direction and speed of movement be considered. Target
location is determined by using the TA assets mentioned in paragraph 1-2.

b. Firing Unit Location. Accurate range and deflection from the firing unit to the
target requires accurate weapon locations and that the FDC knows this location. The battalion
survey section uses the position and azimuth determining system (PADS) to provide accurate
survey information for the battery location. Survey techniques available to the firing battery may
also help in determining the location of each weapon. The FDC can determine the grid location
of each piece by using the reported direction, distance, and vertical angle for each piece from the
aiming circle used to lay the battery.

¢. Weapon and Ammunition Information. The actual performance of the weapon is
measured by the weapon muzzle velocity (velocity with which the projectile leaves the muzzle of
the tube) for a projectile-propellant combination. The firing battery can measure the achieved
muzzle velocity of a weapon and correct it for nonstandard projectile weight and propellant
temperature. This is done by using the M90 velocimeter and muzzle velocity correction tables
(MVCT M90-2) for each type of charge and projectile family. Calibration should be conducted
continuously by using the M90 velocimeter. Firing tables and technical gunnery procedures
allow the unit to consider specific ammunition information (weight, fuze type, and propellant
temperature); thus, accurate firing data are possible.

d. Meteorological Information. The effects of weather on the projectile in flight must
be considered, and firing data must compensate for those effects. Firing tables and technical
gunnery procedures allow the unit to consider specific met information (air temperature, air
density, wind direction, and wind speed) in determining accurate firing data.

1-3
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e. Computational Procedures. The computation of firing data must be accurate.
Manual and automated techniques are designed to achieve accurate and timely delivery of fire.
The balance between accuracy, speed, and the other requirements discussed in this chapter should
be included in the computational procedures.

f. Nonstandard Conditions. If the five requirements for accurate predicted fire cannot
be met, registrations can be conducted or a met + VE technique can be completed to compute
data that will compensate for nonstandard conditions. Applying these corrections to subsequent
fire missions will allow the unit to determine accurate firing data. Accuracy of these fires will be
a direct function of the observer’s target location.

1-4
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Chapter 2
FIRING BATTERY AND BATTERY FDC ORGANIZATION

The FA cannon battery is firing unit within the cannon battalion and is organized in one
of two ways: a battery-based unit (3 x 6 organization) or a platoon-based unit (3 x 8
organization). In either case, they have the personnel and equipment needed to shoot, move, and
communicate. This chapter describes the organization of the firing battery and the battery FDC.

2-1.  Firing Battery Organization

a. The organization of all cannon batteries is basically the same. Differences in
organization stem from differences in weapon caliber, whether the weapon is towed or
self-propelled (SP), and whether the battery is in a divisional or nondivisional battalion. The
cannon battery is organized as follows:

(1) Battery-based unit--consists of a battery headquarters and a firing battery.

(@) The battery HQ has the personnel and equipment to perform command and
control; food service; supply; communications; nuclear, biological, chemical (NBC), and
maintenance functions. (In some units, food service, communications, and maintenance may be
consolidated at battalion level.)

(b) The firing battery has the personnel and equipment to determine firing
data, fire the howitzers, and resupply ammunition. (In some units, ammunition assets may be
consolidated at battalion level.)

(2) Platoon-based unit--consists of a battery HQ and two firing platoons.

(@) The battery HQ has the personnel and equipment to perform command and
control, food service, supply, communications, NBC, and maintenance functions. (In some units,
food service, communications, and maintenance may be consolidated at battalion level.)

(b) Each firing platoon has the personnel and equipment to determine firing
data, fire the howitzers, and resupply ammunition. (In some units, ammunition assets maybe
consolidated at battalion level.)

2-2. Battery or Platoon FDC

a. The battery or platoon FDC is the control center, or brains, of the gunnery team. The
FDC personnel receive fire orders from the battalion FDC or calls for fire from observers and
process that information by using tactical and technical fire direction procedures (Chapter 1). The
battery FDC performs the technical fire direction, while the battalion FDC performs tactical fire
direction. If the FDC is operating without a battalion FDC, the battery FDC conducts both tactical
and technical fire direction. The battery FDC receives the call for fire and converts the request into
firing data. The firing data are then sent to the howitzer sections as fire commands. In addition to
an FDC, USMC batteries have a battery operations center (BOC), which is organized and equipped
to perform technical fire direction. BOCs enhance unit survivability, simplify displacements, and
enable split-battery operations. In battery positions, BOC personnel may augment the FDC to
facilitate 24-hour operations.

2-1
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b. The FDC is organized to facilitate 24-hour operations (Appendix A). Duties of
manual FDC personnel are described below

(1) Fire direction officer. The FDO is responsible for all FDC operations. He is
responsible for the training of all FDC personnel, supervises the operation of the FDC,
establishes standing operating procedure (SOP), checks target location, announces fire order, and
ensures accuracy of firing data sent to the guns. USMC batteries also include an assistant fire
direction officer-assistant executive officer (AFDO-AXO). The AFDO-AXO leads the BOC,
assists the battery commander during displacement and stands duty in the FDC to enable 24-hour
operations.

(2) Chief fire direction computer. The chief fire direction computer is the
technical expert and trainer in the FDC. He ensures that all equipment is on hand and
operational, supervises computation of all data, ensures that all appropriate records are
maintained, and helps the FDO as needed. He ensures smooth peformance of the FDC in
24-hour operations and functions as the FDO in the FDO’s absence. The equivalent USMC billet
description is operations chief.

(3) Fire direction computer. The fire direction computer operates the primary
means of computing firing data. He determines and announces fire commands. He also records
mission-related data and other information as directed. The equivalent USMC billet description
Is operations assistant. There is an operations assistant in both the FDC and the BOC.

(4) Fire direction specialist. There are two fire direction specialists per FDC to
facilitate 24-hour operations. In a manual FDC, they serve alternately as horizontal control
operator (HCO) and vertical control operator (VCO). The equivalent USMC billet description is
fire control man. There are five fire control men in a USMC FDC and three more in a BOC to
facilitate 24-hour operations. These fire control men may perform the duties of the HCO, VCO,
radio operator, or driver as needed in either the FDC or BOC.

(a) The HCO constructs and maintains the primary firing chart and determines
and announces chart data.

(b) The VCO constructs the secondary firing chart checks chart data, plots
initial target location on the situation map, and determines and announces site.

(c) The radiotelephone operator (RATELO) or driver is normally the operator
of the FDC vehicle. He maintains the vehicle and the FDC-associated generators. In a manual
FDC, he may also act as the recorder.

2-3. Definitions

a. Fire direction is the employment of firepower. The objectives of fire direction are to
provide continuous, accurate, and responsive fire support under all conditions. Flexibility must
be maintained to engage all types of targets over wide frontages, to mass the fires of all available
units quickly, and to engage a number and variety of targets simultaneously.

2-2
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b. The fire direction center is the element of the gunnery team with which the
commander directs artillery firepower. The accuracy, flexibility, and speed in the execution of
fire missions depend on the following:

Rapid and clear transmission of calls for free.

Rapid and accurate computations.

Rapid and clear transmission of fire commands.

Integration of automated and manual equipment into an efficient mutually
supporting system.

e Efficient use of communications equipment.

2-4. Relationship Between Battery or Platoon and Battalion FDC

There are two modes of operation under which fire direction can be conducted: battalion
directed and autonomous.

a. Battalion Directed. In battalion-directed operations, calls for fire are transmitted
from the observer to the battalion FDC. The battalion FDO is responsible for tactical fire
direction and selects the unit(s) to fire. A fire order is transmitted to the firing units that are
responsible for technical fire direction. The battalion FDC is responsible for transmitting all fire
mission related messages (that is, message to observer, ready [if applicable], shot, splash, and
rounds complete) to the observer. The firing units are responsible for transmitting all fire mission
related messages to the battalion FDC.

b. Autonomous. In autonomous operations, calls for fire are transmitted from the
observer to the firing unit FDC. The firing unit FDC is responsible for tactical and technical fire
direction. The firing unit is responsible for transmitting the message to observer, ready (if
applicable), shot, splash, and rounds complete to the observer. The battalion FDC and the
battalion fire support officer (FSO) monitor the calls for fire. The equivalent USMC billet
description for FSO is artillery liaison officer. The battalion FDC may take over control of the
mission if the target warrants the massing of two or more batteries. The battalion FDC monitors
the battery’s message to observer (MTO) to ensure that the battery has selected the appropriate
ammunition and method of fire. The battalion FDC may change the battery’s plan of attack. If
the target requires battalion fire, the firing unit FDO can request reinforcing fires from the
battalion FDC.

2-5. Battalion FDC Personnel

A battalion FDC is composed of a fire direction officer, a chief computer, an assistant
chief computer, three computers, a horizontal control operator, a vertical control operator, and a
radiotelephone operator. USMC battalion FDCs are composed of a fire direction officer,
operations chief, two operations assistants, and 10 fire control men to facilitate 24-hour
operations. The operations chief is the equivalent of the chief computer, and the operations
assistants are the equivalent of the assistant chief computer. The fire control men may perform
the duties of computer, HCO, VCO, radio operator, or driver as needed.



FM 6-40

a. Fire Direction Officer’s Duties. The FDQO’s duties areas follows:
(1) Is responsible for the overall organization and functioning of the battalion FDC.

(2) Coordinates with the battalion S3 to ensure that all information regarding the
tactical situation, unit mission, ammunition status, and commander’s guidance on the method of
engagement of targets and control of ammunition expenditures is known and ensures that all
information is passed to battery FDOs.

(3) Ensures that all communications are properly established.

(4) Coordinates with the chief computer concerning data input, chart verification,
transfer of registration corrections, average site or altitude, terrain gun position corrections
(TGPCs) sectors, and any other special instructions.

(5) Inspects target locations and monitors messages to observer when a mission is
received by a battery FDC and intercedes when necessary.

(6) Controls all battalion missions.
b. Chief Computer’s Duties. The chief computer’s duties areas follows:

(1) Serves as the battalion FDO’s technical expert (the actual supervisor and/or
trainer of battalion FDC personnel) and assumes the duties of the battalion FDO in his absence.

(2) Ensures that all battalion FDC equipment is operational and emplaced correctly.

(3) Ensures coordination of all data throughout the battalion, to include current
registration settings.

(4) Ensures that the HCO’s and VCO'’s charts include all pertinent known data.

(5) Ensures that the situation map is properly posted, to include fire support
coordinating measures and the current tactical situation.

c. Assistant Chief Computer’s Duties. The assistant chief computer’s duties are as
follows:

(1) Monitors all operations performed by the HCO.
(2) Supervises maintenance and care of the generators.
(3) Assumes the duties of the chief computer when he is absent.
d. Battery Computers’ Duties. The battery computers’ duties areas follows:
(1) Provide communications link with the battery FDCs.
(2) Monitor the appropriate fire direction net for their battery.

(3) Exchange information with the battery FDCs and pass battalion fire orders to
the battery.
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(4) Record all data pertinent to fire missions that are sent to their battery.
(5) Compute data for their battery when directed by the chief computer.

(6) Use their fire direction net to communicate with the observer when battalion
missions are conducted.

(7) Assume the duties of the assistant chief computer when he is absent.
e. Horizontal Control Operator’s Duties. The HCO'’s duties areas follows:
(1) Plots known data as directed by the assistant chief computer.
(2) Determines chart data as appropriate.
(3) Maintains equipment and associated generators.
(4) Plots the initial target location when a mission is received.
f. Vertical Control Operator’s Duties. The VCO’s duties areas follows:
(1) Plots known data as directed by the assistant chief computer.
(2) Plots the initial target location when a mission is received.
(3) Checks chart data with the HCO.

(4) Plots the initial target location on the situation map and determines and
announces site for the appropriate battery.

g. Radiotelephone Operator’s Duties. The RTO’s duties areas follows:

(1) Establishes and maintains communications on the battalion command/fue
direction (CF) net.

(2) Determines and transmits the messages to observer when battalion missions are
conducted on the battalion CF net.

(3) Encodes and decodes messages, target lists, and fire plans.

(4) Ensures proper authentication of appropriate messages and all fire missions.
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Chapter 3
BALLISTICS

Ballistics is the study of the firing, flight, and effect of ammunition. A fundamental
understanding of ballistics is necessary to comprehend the factors that influence precision and
accuracy and how to account for them in the determination of firing data. Gunnery is the
practical application of ballistics so that the desired ejects are obtained by fire. To ensure
accurate predicted fire, we must strive to account for and minimize those factors that cause
round-to-round variations, particularly muzzle velocity. Ballistics can be broken down into four
areas: interior, transitional, exterior, and terminal. Interior, transitional, and exterior ballistics
directly affect the accuracy of artillery fire and are discussed in this chapter. Terminal ballistics
are discussed in Appendix B.

3-1. Interior Ballistics

Interior ballistics is the science that deals with the factors that affect the motion of the
projectile within the tube. The total effect of all interior ballistic factors determines the velocity
at which the projectile leaves the muzzle of the tube, which directly influences the range achieved
by the projectile. This velocity, called muzzle velocity (MV), is expressed in meters per second
(m/s). Actual measurements of the muzzle velocities of a sample of rounds corrected for the
effects of nonstandard projectile weight and propellant temperature show the performance of a
specific weapon for that projectile family-propellant type-charge combination. The resulting
measurement(s) are compared to the standard muzzle velocity shown in the firing table(s). This
comparison gives the variation from standard, called muzzle velocity variation (MVV), for that
weapon and projectile family-propellant type-charge combination. Application of corrections to
compensate for the effects of nonstandard muzzle velocity is an important element in computing
accurate firing data. (For futher discussion of muzzle velocity, see Chapter 4.) The following
equation for muzzle velocity is valid for our purposes:

MVV (m/s) = SHOOTING STRENGTH OF WPN + AMMUNITION EFFICIENCY

Tube wear, propellant efficiency, and projectile weight are the items normally accounted
for in determination of a muzzle velocity. Other elements in the equation above generally have
an effect not exceeding 1.5 m/s. As a matter of convenience, the other elements listed below are
not individually measured, but their effects are realized to exist under the broader headings of
shooting strength and ammunition efficiency.

SHOOTINGSTRENGTHOFWEAPONS AMMUNITIONEFFICIENCY
1. Tube wear 1. Propellant efficiency
2. Manufacturer tolerances 2. Projectile efficiency
3. Reaction to recoil a. Projectile weight (fuzed)
b. Construction of
(1) Rotating band
(2) Bourrelet

(3) Obturating band

3-1
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a. Nature of Propellant and Projectile Movement.

(1) A propellant is a low-order explosive that burns rather than detonates. In
artillery weapons using separate-loading ammunition, the propellant burns within a chamber
formed by the obturator spindle assembly, powder chamber, rotating band, and base of the
projectile. For cannons using semifixed ammunition, the chamber is formed by the shell casing
and the base of the projectile. When the propellant is ignited by the primer, the burning
propellant generates gases. When these gases develop enough pressure to overcome initial bore
resistance, the projectile begins its forward motion.

(2) Several parts of the cannon tube affect interior ballistics. (See Figure 3-1.)

(@) The caliber of a tube is the inside diameter of the tube as measured
between opposite lands.

(b) The breech recess receives the breechblock. The breech permits loading
the howitzer from the rear.

(c) The powder chamber receives the complete round of ammunition. It is the
portion of the tube between the gas check seat and the centering slope.

® The gas check seat is the tapered surface in the rear interior of the tube on
weapons firing separate-loading ammunition. It seats the split rings of the
obturating mechanism when they expand under pressure in firing. This
expansion creates a metal-to-metal seal and prevents the escape of gases
through the rear or the breech. Weapons firing semifixed ammunition do
not have gas check seats since the expansion of the ease against the walls
of the chamber provides a gas seal for-the breech.

GAS CHECK SEAT (WEAPON USING
SEPARATE-LOADING AMMUNITION)

BREECH / POWDER  FORCING CONE
CHAMBER
REICESS MAIN BORE (RIFLING)
ﬁj
\\
\
S COUNTERBORE/,
..
\\ /

g
mn

108

BORE EVACUATOR

Figure 3-1. Cannon Tube.
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e The centering slope is the tapered portion at or near the forward end of
}hedc_hamber that causes the projectile to center itself in the bore during
oading.

(d) The forcing cone is the tapered portion near the rear of the bore that allows the
rotating band to be gradually engaged by the rifling, thereby centering the projectile in the bore.

(e) The bore is the rifled portion of the tube (lands and grooves). It extends
from the forcing cone to the muzzle. The rifled portion of the tube imparts spin to the projectile
increasing stability in flight. The grooves are the depressions in the rifling. The lands are the
raised portions. These parts engrave the rotating band. All United States (US) howitzers have a
right-hand twist in rifling.

(f) The bore evacuator is located on enclosed, self-propelled howitzers with
semiautomatic breech mechanisms. It prevents contamination of the crew compartment by
removing propellant gases from the bore after firing. The bore evacuator forces the gases to flow
outward through the bore from a series of valves enclosed on the tube.

(9) The counterbore is the portion at the front of the bore from which the lands
have been removed to relieve stress and prevents the tube from cracking.

(h) The muzzle brake is located at the end of the tube on some howitzers. As
the projectile leaves the muzzle, the high-velocity gases strike the baffles of the muzzle brake and
are deflected rearward and sideways. When striking the baffles, the gases exert a forward force
on the baffles that partially counteracts and reduces the force of recoil.

(3) The projectile body has several components that affect ballistics. (See Figure 3-2.)
Three of these affect interior ballistics--the bourrelet the rotating band and the obturating band.

EYEBOLT LIFTING PLUG —> @

A <—— WEIGHT ZONE MARKING

OGIVE —’ ’\
<€——CALIBER AND TYPE OF WEAPON

TYPE AND Mg';'g_%i';':'éf_': > BEEATI <— LOT NUMBER OF LOADED SHELL
> KSR <— FOR DEEP CAVITY SHELL CONTAINING

SUPPLEMENTARY CHARGE
BOURRELET —>| K
BODY —>
STAMPED IN THE METAL UNDER THE PAINT: DEPARTMENT OF DEFENSE
LOT NUMBER OF EMPTY SHELL, YEAROF ~___ IDENTIFICATION CODE
MANUFACTURE, CALIBER, AND DESIGNATION
OF SHELL al) < ROTATING BAND

/' «— OBTURATING BAND (USED ON CERTAIN

GROMMET (PROTECTS ROTATING BAND PROJECTILES)

DURING SHIPMENT) Y < BASE
N BAsE COVER

Figure 3-2. Projectile.
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(a) The bourrelet is the widest part of the projectile and is located immediately
to the rear of the ogive. The bourrelet centers the forward part of the projectile in the tube and
bears on the lands of the tube. When the projectile is fired, only the bourrelet and rotating band
bear on the lands of the tube.

(b) The rotating band is a band of soft metal (copper alloy) that is securely
seated around the body of the projectile. It provides forward obturation (the forward gas-tight
seal required to develop pressure inside the tube). The rotating band prevents the escape of gas
pressure from around the projectile. When the weapon is fired, the rotating band contacts the
lands and grooves and is pressed between them. As the projectile travels the length of the cannon
tube, over the lands and grooves, spin is imparted. The rifling for the entire length of the tube
must be smooth and free of burrs and scars. This permits uniform seating of the projectile and
gives a more uniform muzzle velocity.

(c) The obturating band is a plastic band on certain projectiles. It provides
forward obturation by preventing the escape of gas pressure from around the projectile.

(4) The sequence that occurs within the cannon tube is described below.

(a) The projectile is rammed into the cannon tube and rests on the bourrelet.
The rotating band contacts the lands and grooves at the forcing cone.

(b) The propellant is inserted into the chamber.

(¢) The propellant explosive train is initiated by the ignition of the primer.
This causes the primer, consisting of hot gases and incandescent particles, to be injected into the
igniter. The igniter burns and creates hot gases that flow between the propellant granules and
ignite the granule surfaces; the igniter and propellant combustion products then act together,
perpetuating the flame spread until all the propellant granules are ignited.

(d) The chamber is sealed, in the rear by the breech and obturator spindle
group and forward by the projectile, so the gases and energy created by the primer, igniter, and
propellant cannot escape. This results in a dramatic increase in the pressure and temperature
within the chamber. The burning rate of the propellant is roughly proportional to the pressure, so
the increase in pressure is accompanied by an increase in the rate at which further gas is
produced.

(e) The rising pressure is moderated by the motion of the projectile along the
barrel. The pressure at which this motion begins is the shot-start pressure. The projectile will
then almost immediately encounter the rifling, and the projectile will slow or stop again until the
pressure has increased enough to overcome the resistance in the bore. The rotating band and
obturating band (if present) or the surface of the projectile itself, depending on design, will be
engraved to the shape of the rifling. The resistance decreases, thereby allowing the rapidly
increasing pressure to accelerate the projectile.

(f) As the projectile moves forward, it leaves behind an increasing volume to
be filled by the high-pressure propellant gases. the propellant is still burning, producing high-
pressure gases so rapidly that the motion of the projectile cannot fully compensate. As a result,
the pressure continues to rise until the peak pressure is reached. The peak pressure is attained
when the projectile has traveled about one-tenth of the total length of a full length howitzer tube.
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(9) The rate at which extra space is being created behind the rapidly
accelerating projectile then exceeds the rate at which high-pressure gas is being produced;
thus the pressure begins to fall. The next stage is the all-burnt position at which the burning
of the propellant is completed. However, there is still considerable pressure in the tube;
therefore, for the remaining motion along the bore, the projectile continues to accelerate. As
it approaches the muzzle, the propellant gases expand, the pressure falls, and so the
acceleration lessens. At the moment the projectile leaves the howitzer, the pressure will
have been reduced to about one sixth of the peak pressure. Only about one-third of the
energy developed pushes the projectile. The other two-thirds is absorbed by the recoiling
parts or it is lost because of heat and metal expansion.

(h) The flow of gases following the projectile out of the muzzle provides
additional acceleration for a short distance (transitional ballistics), so that the full muzzle
velocity is not reached until the projectile is some distance beyond the muzzle. The noise
and shock of firing are caused by the jet action of the projectile as it escapes the flow of
gases and encounters the atmosphere.  After this, the projectile breaks away from the
influence of the gun and begins independent flight.

(i) This entire sequence, from primer firing to muzzle exit, typically occurs
within 15 milliseconds but perhaps as much as 25 milliseconds for a large artillery howitzer.

(5) Pressure travel curves are discussed below.

(a) Once the propellant ignites, gases are generated that develop enough
pressure to overcome initial bore resistance, thereby moving the projectile. Two opposing
forces act on a projectile within the howitzer. The first is a propelling force caused by the
high-pressure propellant gases pushing on the base of the projectile.  The second is a
frictional force between the projectile and bore, which includes the high resistance during
the engraving process, that opposes the motion of the projectile. The peak pressure, together
with the travel of the projectile in the bore (pressure travel curve), determines the velocity at
which the projectile leaves the tube.

(b) To analyze the desired development of pressure within the tube, we
identify three types of pressure travel curves:

® An elastic strength pressure travel curve represents the greatest
interior pressure that the construction of the tube (thickness of the
wall of the powder chamber, thickness of the tube, composition of
the tube or chamber, and so on) will allow. It decreases as the
projectile travels toward the muzzle because the thickness of the
tube decreases.

® A permissible pressure travel curve mirrors the elastic strength
pressure travel curve and accounts for a certain factor of safety. It also
decreases as the projectile travels through the tube because tube
thickness decreases.
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® An actual pressure travel curve represents the actual pressure

developed during firing within the tube. Initially, pressure increases
dramatically as the repelling charge explosive train initiated and the
initial resistance of the rammed projectile is overcome. After that
resistance is overcome, the actual pressure gradually decreases because
of the concepts explained by Boyle’s Law. (General(ljy, as volume
increases, pressure decreases.) The actual pressure should never exceed
the permissible pressure.

Figure 3-3 depicts different actual pressure travel curves that are discussed below.

e Initial Excessive Pressure. This is undesirable pressure travel

curve. It exceeds the elastic strength pressure and permissible pressure.
Causes of this travel curve would be an obstruction in the tube, a dirty
tube, an “extra” propellant placed in the chamber, an unfuzed
projectile, or a cracked projectile.

Delayed Excessive Pressure. This is an undesirable pressure travel
curve. It exceeds the elastic strength pressure and remissible
pressure. Causes that would result in this travel curve would be using
wet powder or powder reversed.

e Desirable Pressure Travel Curve. This curve does not exceed

ermissible pressure. It develops peak pressure at about one-tenth the
ength of the tube.

1 UNDESIRABLE PRESSURE TRAVEL CURVE
(INITIAL EXCESSIVE PRESSURE)

2 UNDESIRABLE PRESSURE TRAVEL CURVE
(DELAYED EXCESSIVE PRESSURE)

3-6

Figure 3-3. Pressure Travel Curves.



FM 6-40

(6) The following general rules show how various factors tiect the velocity
performance of a weapon projectile family-propellant type-charge combination

(a) An increase in the rate of propellant burning increases the resulting gas
pressure developed within the chamber. An example of this is the performance of the
multiperforated propellant grains used in white bag (WB) propellants. The result is that more
gases are produced, gas pressure is increased, and the projectile develops a greater muzzle
velocity. Damage to propellant grains, such as cracking and splitting from improper handling,
also affect the rate of burn and thus the muzzle velocity.

(b) An increase in the size of the chamber without a corresponding increase in the
amount of propellant decreases gas pressure; as a result, muzzle velocity will be less (Boyles Law).

(c) Gas escaping around the projectile decreases chamber pressure.

(d) An increase in bore resistance to projectile movement before peak pressure
increases the pressure developed within the tube. Generally, this results in a dragging effect on
the projectile, with a corresponding decrease in the developed muzzle velocity. Temporary
variations in bore resistance can be caused by excessive deposits of residue within the cannon
tube and on projectiles and by temperature differences between the inner and outer surfaces of the
cannon tube.

b. Standard Muzzle Velocity.

(1) Applicable firing tables list the standard value of muzzle velocity for each
charge. These standard values are based on an assumed set of standard conditions. These values
are points of departure and not absolute standards. Essentially, we cannot assume that a given
weapon projectile family-propellant type-charge combination when fired will produce the
standard muzzle velocity.

(2) Velocities for each charge are indirectly established by the characteristics of the
weapons. Cannons capable of high-angle fire (howitzers) require a greater choice in the number
of charges than cannons capable of only low-angle fire (guns). This choice is necessary to
achieve range overlap between charges in high-angle fire and the desired range-trajectory
combination in low-angle fire. Other factors considered are the maximum range specified for the
weapon, the maximum elevation and charge, and the maximum permissible pressure that the
weapon can accommodate.

(3) Manufacturing specifications for ammunition include a requirement for velocity
performance to meet certain tolerances. Ammunition lots are subjected to test firings, which
include measuring the performance of a tested lot and comparing it to the performance of a
control (reference) lot that is tested concurrently with the same weapon. An assumption built into
the testing procedure is that both lots of ammunition will be influenced in the same manner by
the performance of the tube. This assumption, although accurate in most instances, allows some
error to be introduced in the assessment of the performance of the tested lot of propellant. In field
conditions, variations in the performance of different projectile or propellant lots can be expected
even though quality control has been exercised during manufacturing and testing of lots. In other
words, although a howitzer develops a muzzle velocity that is 3 meters per second greater (or
less) than standard with propellant lot G, it will not necessarily be the same with any other
propellant lot. The optimum method for determining ammunition performance is to measure the
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performance of a particular projectile family-propellant lot-charge combination (calibration).
However, predictions of the performance of a projectile family-propellant lot-charge group
combination may be inferred with the understanding that they will not be as accurate as actual
performance measurements.

c. Factors Causing Nonstandard Velocities.Nonstandard muzzle velocity is
expressed as a variation (plus or minus so many meters per second) from the accepted standard.
Round-to-round corrections for dispersion cannot be made. Each of the following factors that
cause nonstandard conditions is treated as a single entity assuming no influence from related
factors.

(1) Velocity trends. Not all rounds of a series fired from the same weapon and using
the same ammunition lot will develop the same muzzle velocity. Under most conditions, the first few
rounds follow a somewhat regular pattern rather than the random pattern associated with normal
dispersion. This phenomenon is called velocity trends (or velocity dispersion), and the magnitude
varies with the cannon, charge, and tube condition at the time each round is fired. Velocity trends
cannot be accurately predicted; thus, any attempt to correct for the effects of velocity trends is
impractical. Generally, the magnitude and duration of velocity trends can be minimized when firing is
started with a tube that is clean and completely free of oil. (See Figure 3-4.)

(2) Ammunition lots. Each ammunition, projectile, and propellant lot has its own
mean performance level in relation to a common weapon. Although the round-to-round
variations within a given lot of the same ammunition (ammo) types are similar, the mean velocity
developed by one lot may differ significantly in comparison to that of another lot. With
separate-loading ammunition, both the projectile and propellant lots must be identified.
Projectile lots allow for rapid identification of weight differences. Although other projectile
factors affect achieved muzzle velocity (such as, diameter and hardness of rotating band), the
cumulative effect of these elements generally does not exceed 1.5 rids. As a matter of
convenience and speed, they are ignored in the computation of firing data.

(3) Tolerances in new weapons. All new cannons of a given caliber and model will
not necessarily develop the same muzzle velocity. In a new tube, the mean factors affecting muzzle
velocity are variations in the size of the powder chamber and the interior dimensions of the bore. If a
battalion equipped with new cannons fired all of them with a common lot of ammunition a variation
of 4 meters per second between the cannon developing the greatest muzzle velocity and the cannon
developing the lowest muzzle velocity would not be unusual. Calibration of all cannons allows the
firing unit to compensate for small variations in the manufacture of cannon tubes and the resulting
variation in developed muzzle velocity. The MVV caused by inconsistencies in tube manufacture
remains constant and is valid for the life of the tube.

(4) Tube wear. Continued firing of a cannon wears away portions of the bore by
the actions of hot gases and chemicals and movement of the projectile within the tube. These
erosive actions are more pronounced when higher charges are fired. The greater the tube wear,
the more the muzzle velocity decreases. Normal wear can be minimized by careful selection of
the charge and by proper cleaning of both the tube and the ammunition.
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NOTE: Tube at round 1 was cold and previously fired with charge 5.
Figure 3-4. Velocity Changes From Round 1, 105-mm Howitzers Firing Charge 5.

(5) Nonuniform ramming. Weak ramming decreases the volume of the chamber and
thereby theoretically increases the pressure imparted to the projectile. This occurs because the
pressure of a gas varies inversely with volume. Therefore, only a partial gain in muzzle velocity might
be achieved. Of greater note is the improper seating of the projectile within the tube. Improper
seating can allow some of the expanding gases to escape around the rotating band of the projectile and
thus result in decreased muzzle velocity. The combined effects of a smaller chamber and escaping
gases are difficult to predict. Weak, nonuniform ramming results in an unnecessary and
preventable increase in the size of the dispersion pattern. Hard, uniform ramming is desired for all
rounds. When semifixed ammunition is fired, the principles of varying the size of the chamber and
escape of gases still apply, particularly when ammunition is fired through worn tubes. When firing
semifixed ammunition, rearward obturation is obtained by the expansion of the cartridge case against
the walls of the powder chamber. Proper seating of the cartridge case is important in reducing the
escape of gases.

(6) Rotating bands. The ideal rotating band permits proper seating of the projectile
within the cannon tube. Proper seating of the projectile allows forward obturation, uniform pressure
buildup, and initial resistance to projectile movement within the tube. The rotating band is also
designed to provide a minimum drag effect on the projectile once the projectile overcomes the
resistance to movement and starts to move. Dirt or burrs on the rotating band may cause improper
seating. This increases tube wear and contributes to velocity dispersion. If excessively worn, the
lands may not engage the rotating band well enough to impart the proper spin to the projectile.
Insufficient spin reduces projectile stability in flight and can result in dangerously erratic round
performance. When erratic rounds occur or excessive tube wear is noted, ordnance teams should be
requested to determine the serviceability of the tube.
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(7) Propellant and projectile temperatures. Any combustible material burns more
rapidly when heated before ignition. When a propellant burns more rapidly than would be expected
under standard conditions, gases are produced more rapidly and the pressure imparted to the projectile
Iis greater. As a result, the muzzle velocity will be greater than standard and the projectile will travel
farther[Table E|in the tabular firing tables lists the magnitude of change in muzzle velocity resulting
from a propellant temperature that is greater or less than standard. Appropriate corrections can be
extracted from that table; however, such corrections are valid only if they are determined relative to
the true propellant temperature. The temperature of propellant in sealed containers remains fairly
uniform though not necessarily at the standard propellant temperature (70 degrees Fahrenheit [F}).
Once propellant has been unpacked, its temperature more rapidly approaches the air temperature. The
time and type of exposure to the weather result in temperature variations from round to round and
within the firing unit. It is currently impractical to measure propellant temperature and apply
corrections for each round fired by each cannon. Positive action must be taken to maintain uniform
projectile and propellant temperatures. Failure to do this results in erratic firing. The effect of an
extreme change in projectile or propellant temperature can invalidate even the most recent corrections
determined from a registration.

(a) Ready ammunition should be kept off the ground and protected from dirt,
moisture, and direct rays of the sun. At least 6 inches of airspace should be between the ammunition
and protective covering on the sides, 6 inches of dunnage should be on the bottom, and the roof
should be 18 inches from the top of the stack. These precautions will allow propellant and projectile
temperatures to approach the air temperature at a uniform rate throughout the firing unit.

(b) Propellant should be prepared in advance so that it is never necessary to
fire freshly unpacked ammunition with ammunition that has been exposed to weather during a
fire mission.

(c) Ammunition should be fired in the order in which it was unpacked.

(d) Propellant temperature should be determined from ready ammunition on a
periodic basis, particularly if there has been a change in the air temperature.

(8) Moisture content of propellant. Changes in the moisture content of propellant are
caused by improper protection from the elements or improper handling of the propellant. These
changes can affect muzzle velocity. Since the moisture content cannot be measured or corrected for,
the propellant must be provided maximum protection from the elements and improper
handling.

(9) Position of propellant in the chamber. In fixed and semifixed ammunition the
propellant has a relatively fixed position with respect to the chamber, which is formed by the cartridge
case. In separate-loading ammunition, however, the rate at which the propellant burns and the
developed muzzle velocity depends on how the cannoneer inserts the charge. To ensure proper
ignition of the propellant he must insert the charge so that the base of the propellant bag is flush
against the obturator spindle when the breech is closed. The cannoneer ensures this by placing the
propellant flush against the Swiss groove (the cutaway portion in the powder chamber). The farther
forward the charge is inserted, the slower the burning rate and the lower the subsequent muzzle
velocity. An increase in the diameter of the propellant charge can also cause an increase in muzzle
velocity. Loose tie straps or wrappings have the effect of increasing the diameter of the propellant
charge. Propellant charge wrappings should always be checked for tightness, even when the full
propellant charge is used.
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(10) Weight of projectile. The weights of like projectiles vary within certain zones
(normally termed square weight). The appropriate weight zone is stenciled on the projectile (in
terms of so many squares). Some projectiles are marked with the weight in pounds. In general
terms, a heavier-than-standard projectile normally experiences a decrease in muzzle
velocity. This is because more of the force generated by the gases is used to overcome the initial
resistance to movement. A lighter-than-standard projectile generally experiences an increase in
velocity.

NOTE: Copperhead projectiles are not marked with weight in pounds. The
precision manufacturing process used guarantees a weight of 137.6 pounds.

(11) Coppering. When the projectile velocity within the bore is great, sufficient
friction and heat are developed to remove the outer surface of the rotating band. Material left is a
thin film of copper within the bore and is known as coppering. This phenomenon occurs in
weapons that develop a high muzzle velocity and when high charges are fired. The amount of
copper deposited varies with velocity. Firing higher charges increases the amount of copper
deposited on the bore surfaces, whereas firing lower charges reduces the effects of coppering.
Slight coppering resulting from firing a small sample of rounds at higher charges tends to
increase muzzle velocity.  Erratic velocity performance is a result of excessive coppering
whereby the resistance of the bore to projectile movement is affected. Excessive coppering must
be removed by ordnance personnel.

(12) Propellant residue. Residue from burned propellant and certain chemical
agents mixed with the expanding gases are deposited on the bore surface in a manner similar to
coppering. Unless the tube is properly cleaned and cared for, this residue will accelerate tube
wear by causing pitting and augmenting the abrasive action of the projectile.

(13) Tube conditioning. The temperature of the tube has a direct bearing on the
developed muzzle velocity. A cold tube offers a different resistance to projectile movement and
Is less susceptible to coppering, even at high velocities. In general, a cold tube yields more
range dispersion; a hot tube, less range dispersion.

(14) Additional effects in interior ballistics. The additional effects include tube
memory and tube jump.

(a) Tube memory is a physical phenomenon of the cannon tube tending to
react to the firing stress in the same manner for each round, even after changing charges. It seems
to “remember” the muzzle velocity of the last charge fired. For example, if a fire mission with
charge 6 M4A2 is followed by a fire mission with charge 4 M4A2, the muzzle velocity of the
first round of charge 4 may be unpredictably higher. The inverse is also true.

(b) Tube jump occurs as the projectile tries to maintain a straight line when
exiting the muzzle. This phenomenon causes the tube to jump up when fired and may cause tube
displacement.
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3-2. Transitional Ballistics

Sometimes referred to as intermediate ballistics, this is the study of the transition from
interior to exterior ballistics. Transitional ballistics is a complex science that involves a number
of variables that are not fully understood; therefore, it is not an exact science. What is understood
is that when the projectile leaves the muzzle, it receives a slight increase in MV from the
escaping gases. Immediately after that, its MV begins to decrease because of drag.

3-3. Exterior Ballistics

Exterior ballistics is the science that deals with the factors affecting the motion of a
projectile after it leaves the muzzle of a piece. At that instant, the total effects of interior
ballistics in terms of developed muzzle velocity and spin have been imparted to the projectile.
Were it not for gravity and the effects of the atmosphere, the projectile would continue
indefinitely at a constant velocity along the infinite extension of the cannon tube. The discussion
of exterior ballistics in the following paragraphs addresses elements of the trajectory, the
trajectory in a vacuum, the trajectory within a standard atmosphere, and the factors that affect the
flight of the projectile.

a. Trajectory Elements. The trajectory is the path traced by the center of gravity of
the projectile from the origin to the level point. The elements of a trajectory are classified into
three groups--intrinsic, initial, and terminal elements.

(1) Intrinsic elements. Elements that are characteristic of any trajectory, by
definition, are intrinsic elements. (See Figure 3-5.)

(a) The origin is the location of the center of gravity of the projectile when it
leaves the muzzle. It also denotes the center of the muzzle when the piece has been laid.

(b) The ascending branch is the part of the trajectory that is traced as the
projectile rises from the origin.

(c) The summit is the highest point of the trajectory.

(d) The maximum ordinate is the difference in altitude (alt) between the origin
and the summit.

(e) The descending branch is the part of the trajectory that is traced as the
projectile is falling.

(f) The level point is the point on the descending branch that is the same
altitude as the origin.

(9) The base of the trajectory is the straight line from the origin to the level
point.
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Figure 3-5. Intrinsic Elements of the Trajectory.

(2) Initial elements. Elements that are characteristic at the origin of the trajectory
are initial elements. (See Figure 3-6.)

(a) When the piece is laid, the line of elevation is the axis of the tube
extended.

(b) The line of departure is a line tangent to the trajectory at the instant the
projectile leaves the tube.

(c) Jump is the displacement of the line of departure from the line of elevation
that exists at the instant the projectile leaves the tube.

(d) The angle of site is the smaller angle in a vertical plane from the base of
the trajectory to a straight line joining the origin and the target. Vertical interval is the difference
in altitude between the target and the origin.

(e) The complementary angle of site is an angle that is algebraically added to
the angle of site to compensate for the nonrigidity of the trajectory.

(f) Site is the algebraic sum of the angle of site and the complementary angle
of site. Site is computed to compensate for situations in which the target is not at the same
altitude as the battery.

g) Complementary range is the number of meters (range correction)
equivalent to the number of mils of complementary angle of site.

(h) The angle of elevation is the vertical angle between the base of the
trajectory and the axis of the bore required for a projectile to achieve a prescribed range under
standard conditions.

(i) The quadrant elevation is the angle at the origin measured from the base of
the trajectory to the line of elevation. It is the algebraic sum of site and the angle of elevation.
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Figure 3-6. Initial Elements of the Trajectory.

(3) Terminal elements. Elements that are characteristic at the point of impact are
terminal elements. (See Figure 3-7.)

(a) The point of impact is the point at which the projectile strikes the target area.
(The point of burst is the point at which the projectile bursts in the air.)

(b) The line of fall is the line tangent to the trajectory at the level point.

(c) The angle of fall is the vertical angle at the level point between the line of fall
and the base of the trajectory.

(d) The line of impact is a line tangent to the trajectory at the point of impact.

(e) The angle of impact is the acute angle at the point of impact between the line of
impact and a plane tangent to the surface at the point of impact. This term should not be confused

with angle of fall.

LINE OF IMPACT

POINT OF IMPACT

ANGLE OF MPACT

..............................

......

LEVEL POINT
Figure 3-7. Terminal Elements of the Trajectory.
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b. Trajectory in a Vacuum.

(1) If a round were fired in a vacuum, gravity would cause the projectile to return to
the surface of the earth. The path or trajectory of the projectile would be simple to trace. All
projectiles, regardless of size, shape, or weight, would follow paths of the same shape and would
achieve the same range for a given muzzle velocity and quadrant elevation.

(2) The factors used to determine the data needed to construct a firing table for
firing in a vacuum are the angle of departure, muzzle velocity, and acceleration caused by the
force of gravity. The initial velocity imparted to a round has two components--horizontal
velocity and vertical velocity. The relative magnitudes of horizontal and vertical components
vary with the angle of elevation. For example, if the elevation were zero, the initial velocity
imparted to the round would be horizontal in nature and there would be no vertical component.
If, on the other hand, the elevation were 1,600 mils (disregarding the effects of rotation of the
earth), the initial velocity would be vertical and there would be no horizontal component.

(3) Gravity causes a projectile in flight to fall to the earth. Because of gravity, the
height of the projectile at any instant is less than it would be if no such force were acting on it. In
a vacuum, the vertical velocity would decrease from the initial velocity to zero on the ascending
branch of the trajectory and increase from zero to the initial velocity on the descending branch,
Zero vertical velocity would occur at the summit of the trajectory. For every vertical velocity
value on the upward leg of the ascending branch there is an equal vertical velocity value
downward on the descending branch. Since there would be no resistance to the forward motion
of the projectile in a vacuum, the horizontal velocity component would be a constant. The
acceleration caused by the force of gravity (9.81 m/s) affects only the vertical velocity.

c. Trajectory in a Standard Atmosphere.

(1) The resistance of the air to projectile movement depends on the air movement,
density, and temperature. As a point of departure for computing firing tables, assumed
conditions of air density and air temperature with no wind are used. The air structure is called the

standard atmosphere.

(2) The most apparent difference between the trajectory in a vacuum and the
trajectory in the standard atmosphere is a net reduction in the range achieved by the projectile. A
comparison of the flight of the projectile in a vacuum and in the standard atmosphere is shown in

Figure 3-8.
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(3) The difference in range is due to the horizontal velocity component in the
standard atmosphere no longer being a constant value. The horizontal velocity component is
continually decreased by the retarding effect of the air. The vertical velocity component is also
afected by air resistance. The trajectory in the standard atmosphere has the following
characteristic differences from the trajectory in a vacuum:

(a) The velocity at the level point is less than the velocity at the origin.

(b) The mean horizontal velocity of the projectile beyond the summit is less
than the mean velocity before the projectile reaches the summit; therefore, the projectile travels a
shorter horizontal distance. Hence, the descending branch is shorter than the ascending branch.
The angle of fall is greater than the angle of elevation.

(c) The spin (rotational motion) initially imparted to the projectile causes it to
respond differently in the standard atmosphere because of air resistance. A trajectory in the
standard atmosphere, compared to a trajectory in a vacuum, will be shorter and lower at any
specific point along the trajectory for the following reasons:

e Horizontal velocity is not a constant value; it decreases with each
succeeding time interval.

e Vertical velocity is affected by both gravity and the effects of the
atmosphere on the projectile.

e The summit in a vacuum is midway between the origin and the level
point; in the standard atmosphere, it is actually nearer the level point.

e The angle of fall in a vacuum is equal to the angle of elevation; in the
standard atmosphere, it is greater.

d. Relation of Air Resistance and Projectile Efficiency to Standard Range.

(1) This paragraph concerns only those factors that establish the relationship
between the standard range, elevation, and achieved range.

(a) The standard (chart) range is the range opposite a given elevation in the
firing tables. It is assumed to have been measured along the surface of a sphere concentric with
the earth and passing through the muzzle of a weapon. For all practical purposes, standard range
Is the horizontal distance from the origin of the trajectory to the level point.

(b) The achieved range is the range attained as a result of firing the cannon at
a particular elevation. If actual firing conditions duplicate the ballistic properties and met
conditions on which the firing tables are based, then the achieved range and the standard range
will be equal.

(c) The corrected range is the range corresponding to the elevation that must
be fired to reach the target.

(2) Air resistance affects the flight of the projectile both in range and in direction.
The component of air resistance in the direction opposite that of the forward motion of the
projectile is called drag. Because of drag, both the horizontal and vertical components of velocity
are less at any given time along the trajectory than they would be if drag was zero (as it would be
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In a vacuum). This decrease in velocity varies directly in magnitude with drag and inversely with
the mass of the projectile. Several factors considered in the computation of drag areas follows:

(a) Air density. The drag of a given projectile is proportional to the density of
the air through which it passes. For example, an increase in air density by a given percentage
increases drag by the same percentage. Since the air density at a specific place, time, and altitude
varies widely, the standard trajectories reflected in the firing tables were computed with a fixed
relationship between air density and altitude.

(b) Velocity. The faster a projectile moves, the more the air resists its motion.
Examination of a set of firing tables reveals that given a constant elevation, the effect of a 1
percent change in air density (and corresponding 1 percent increase in drag) increases with an
Increase in charge (with the greater muzzle velocity). The drag is approximately proportional to
the square of the velocity except when velocity approaches the speed of sound. At the speed of
sound, drag increases more rapidly because of the increase in pressure behind the sound wave.

(c) Projectile diameter. Two projectiles of identical shape but of different size
will not experience the same drag. For example, a large projectile will offer a larger area for the
air to act upon; thus, its drag will be increased by this factor. The drag of projectiles of the same
shape is assumed to be proportional to the square of the projectile diameter.

(d) Ballistic coefficient. The ballistic coefficient of a projectile is a measure of
its relative efficiency in overcoming air resistance. An increase in the ballistic coefficient reduces
the effect of drag and consequently increases range. The reverse is true for a decrease in the
ballistic coefficient. The ballistic coefficient can be increased by increasing the ratio of the
weight of the projectile to the square of its diameter. It can also be increased by improving the
shape of the projectile.

(e) Drag coefficient. The drag coefficient combines several ballistic properties
of typical projectiles. These properties include yaw (the angle between the direction of motion
and the axis of the projectile) and the ratio of the velocity of the projectile to the speed of sound.
Drag coefficients, which have been computed for many projectile types, simplify the work of
ballisticians. When a projectile varies slightly in shape from one of the typical projectile types,
the drag coefficient can be determined by computing a form factor for the projectile and
multiplying the drag coefficient of a typical projectile type by the form factor.

e. Deviations From Standard Conditions. Firing tables are based on actual firings of
a piece and its ammunition correlated to a set of standard conditions. Actual firing conditions,
however, will never equate to standard conditions. These deviations from standard conditions, if
not corrected for when computing firing data will cause the projectile to impact at a point other
than the desired location. Corrections for nonstandard conditions are made to improve accuracy.

(1) Range effects. Some of the deviations from standard conditions affecting range are:
e Muzzle velocity.

® Projectile weight.
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® Range wind.

® Air temperature.

® Air density.

® Rotation of the earth.

(2) Deflection effects. Some of the deviations from the standard conditions
affecting deflection are:

e Drift.
® Crosswind.

® Rotation of the earth.

3-4. Dispersion and Probability

If a number of rounds of ammunition of the same caliber, lot, and charge are fired from
the same position with identical settings used for deflection and quadrant elevation, the rounds
will not all impact on a single point but will fall in a scattered pattern. In discussions of artillery
fire, this phenomenon is called dispersion, and the array of bursts on the ground is called the
dispersion pattern.

3-5. Causes of Dispersion

a. The points of impact of the projectiles will be scattered both in deflection and in
range. Dispersion is caused by inherent (systemic) errors. It should never be confused with
round-to-round variations caused by either human or constant errors. Human errors can be
minimized through training and supervision. Corrections to compensate for the effects of

constant errors can be determined from the TFT. Inherent errors are beyond control or are
impractical to measure. Examples of inherent errors are as follows:

(1) Conditions in the bore. The muzzle velocity achieved by a given projectile is
affected by the following:

® Minor variations in the weight of the pro|j1ectile, form of the rotating band,
and moisture content and temperature of the propellant grains.

Differences in the rate of ignition of the propellant.
Variations in the arrangement of the propellant grains.
Differences in the rate of ignition of the propellant.

Variations in the ramming of the projectile.

Variations in the temperature of the bore from round to round.

For example, variations in the bourrelet and rotating band may cause inaccurate centering of the
projectile, which can result in a loss in achieved range because of instability in flight.
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(2) Conditions in the carriage. Deflection and elevation are affected by the

following:
@ Play (looseness) in the mechanisms of the carriage.

@ Physical limitations of precision in setting values of deflection and quadrant
elevation on the respective scales.

e Nonuniform reactions to firing stress.

(3) Conditions during flight. The flight of the projectile may be affected by the
difference in air resistance created by variations in the weight, achieved muzzle velocity, and
projectile. Also, the projectile may be affected by minor variations in wind, air
density or air pressure, and air temperature from round to round.

b. The distribution of bursts (dispersion pattern) in a given sample of rounds is roughly
elliptical (Figure 3-9) in relation to the line of fire.

¢. A rectangle constructed around the dispersion area (excluding any erratic rounds) is
called the dispersion rectangle, or 100 percent rectangle. (See Figure 3-10.)

3-6. Mean Point of Impact

For any large number of rounds fired, the average (or mean) location of impact can be
determined by drawing a diagram of the pattern of bursts as they appear on the ground. A line
drawn perpendicular to the line of fire can be used to divide the sample rounds into two equal
groups. Therefore, half of the rounds will be over this line when considered in relation to the
weapon. The other half of the rounds will be short of this line in relation to the weapon. This
dividing line represents the mean range of the sample and is called the mean range line. A
second line can be drawn parallel to the line of fire, again dividing the sample into two equal
groups. Half of the rounds will be to the right of this line, and half will be to the left. This line
represents the mean deflection of the sample and is called the mean deflection line. (See Figure
3-9.) The intersection of the two lines is the mean point of impact (MPI). (See Figure 3-10.) °
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Figure 3-9. Dispersion Pattern.
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Figure 3-10. Dispersion (100 Percent) Rectangle.

3-7. Probable Error

Probable error is nothing more than an error that is exceeded as often as it is not exceeded. For
example, in Figure 3-11, consider only those rounds that have impacted over the mean range line (line AB).
These rounds all manifest errors in range, since they all impacted over the mean range line. Some of the
rounds are more in error than others. At a point beyond the MPI, a second line can be drawn perpendicular to
the line of fire to divide the "ovens" into two equal groups (line CD, Figure 3-11). When the distance from the
MPI to line CD is used as a measure of probable error, it is obvious that half of the overs show greater
magnitude of error than the other half. This distance is one probable error in range. The range probability
curve expresses the following:

a. In a large number of samples, errors in excess and errors in deficiency are equally
frequent (probable) as shown by the symmetry of the curve.

b. The errors are not uniformly distributed. Small errors occur more frequently than
large errors as shown by the greater number of occurrences near the mean point of impact.

3-8. Dispersion Zones

If the dispersion rectangle is divided evenly into eight zones in range with the value for 1
probable error in range (PER) used as the unit of measure, the percentage of rounds impacting
within each zone is as indicated in Figure 3-12. The percentage of rounds impacting within each
zone has been determined through experimentation. By definition of probable error, 50 percent
of all rounds will impact within 1 probable error in range or deflection of the mean point of
impact (25 percent over and 25 percent short or 25 percent left and 25 percent right).
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3-9. Range Probable Error

The values for range probable error at various ranges are given in Table G of the tabular
firing tables (TFT). These values may be used as an index of the precision of the piece at a
particular charge and range. The values for range probable error are listed in meters. Firing
Table (FT) values have been determined on the basis of actual firing of ammunition under
controlled conditions. For example, FT 155-AM-2 shows that the value of range probable error
for charge 5 green bag (GB) at a range of 6,000 meters is 15 meters. On the basis of the 100
percent rectangle, 50 percent of the rounds will impact within 15 meters (over and short) of the
mean range line, 82 percent will impact within 30 meters (over and short), 96 percent will impact
within 45-meters (over and short), and 100 percent will impact within 60 meters.

(1 PROBABLE ERROR IN RANGE)

RANGE PROBABILITY CURVE

Figure 3-11. Probable Error.
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26| 0050 | .0176 0400 | .0625 0625 0400 | .0176 | .0080
16| .0032 0112 .0256 | .0400 0400 0256 0112 .0032
07| .0014 | .0049 0112 | .0176 0176 | .0112 | .0049 | .0014
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Figure 3-12. Dispersion Zones.
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3-10. Fork

The term fork is used to express the change in elevation (in mils) needed to move the
mean point of impact 4 probable errors in range. The values of fork are listed in Table F of the
firing tables. For example, FT 155-AM-2 shows that the value of fork for a howitzer firing
charge 5GB at a range of 6,000 meters is 4 mils. On the basis of the value for probable error in
range (paragraph 3-9), adding 4 mils to the quadrant elevation would cause the MPI to move 60
meters. Fork is used in the computation of safety data (executive officer’s minimum QE).

3-11. Deflection Probable Error

The values for probable error in deflection (PED) are listed in Table G of the
firing tables. For artillery cannons, the deflection probable error is considerably
smaller than the range probable error. Values for PED are listed in meters. With the
same parameters as those used in paragraph 3-9, the deflection probable error is 4
meters. Therefore, 50 percent of the rounds will impact within 4 meters of the mean
deflection line (left and right); 82 percent, within 8 meters (left and right); 96 percent,
within 12 meters (left and right); and 100 percent, within 16 meters.

3-12. Time-To-Burst Probable Error

The values of time-to-burst probable error (PETB) (Figure 3-13) are listed in
Table G of the firing tables. Each of these values is the weighted average of the
precision of a time fuze timing mechanism in relation to the actual time of flight of the
projectile. For example, if a 155-mm howitzer fires charge 5GB at a range of 6,000
meters, the value for probable error in time to burst is 0.11 second. As in any other
dispersion pattern, 50 percent of the rounds will function within 0.11 second; 82
percent, within 0.22 second; 96 percent, within 0.33 second; and 100 percent within
0.44 second of the mean fuze setting.

3-13. Height-Of-Burst Probable Error

With the projectile fuzed to burst in the air, the height-of-burst probable error
(PEHB) (Figure 3-13) is the vertical component of 1 time-to-burst probable error. The
height-of-burst probable error reflects the combined effects of dispersion caused by
variations in the functioning of the time fuze and dispersion caused by the conditions
described in paragraph 3-5(a). The values listed (in meters) follow the same pattern of
distribution as for those discussed for range dispersion. These values are listed in
Table G of the firing tables.

3-14. Range-To-Burst Probable Error

Range-to-burst probable error (PERB) (Figure 3-13) is the horizontal component
of 1 time-to-burst probable error. When this value is added to or subtracted from the
expected range to burst, it will produce an interval along the line of fire that should
contain 50 percent of the rounds fired. These values are listed in Table G of the firing
tables.
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Figure 3-13. Comparison of PEHB, PERB, and PETB.
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Chapter 4
MUZZLE VELOCITY MANAGEMENT

The achieved muzzle velocity is the result of forces acting on the projectile. To obtain
accurate artillery fire, the performance of the weapon projectile family-propellant type-charge
combination must be known. If it is not known, the result can be reduced effects on the target or
friendly casualties (for example, danger close, final protective fire [FPF], converged sheafs, and
so on). Firing tables give standard muzzle velocities for a standard weapon firing standard
ammunition under standard conditions. However, muzzle velocities achieved in actual firing may
differ from the standard muzzle velocities because of variations in the manufacture of the weapon
and ammunition, wear in the weapon tube, projectile weight, propellant temperature, propellant
lot efficiency, or a combination of these factors. The M90 velocimeter enables a firing unit to
continually update muzzle velocity data. This chapter describes muzzle velocity management
with the M90 velocimeter.

4-1.  Muzzle Velocity Terms

The following terms are associated with muzzle velocity management.

a. Muzzle velocity-- the velocity achieved by a projectile as it leaves the muzzle of the
weapon (measured in meters per second).

b. Standard muzzle velocity-- An established muzzle velocity used for comparison. It
is dependent upon the weapon system, propellant type, charge, and projectile. It is also referred
to as reference muzzle velocity.

¢. Muzzle velocity variation-- the change in muzzle velocity of a weapon (expressed in
meters per second) from the standard muzzle velocity.

d. Projectile family--a group of projectiles that have exact or very similar ballistic
characteristics. Projectile types within the family are identified by model number.

e. Propellant type-- the nomenclature of the propellant used for a particular charge.

f. Charge group-- the charges within the propellant type associated with a projectile
family, within which MVVs can be transferred. (See Table 4-1.) This has been referred to as
propellant model or powder model in the past and in other references. In separate-loading
ammunition (155 mm) these terms are synonymous, but in 105-mm ammunition, three charge
groups are within a propellant type.

g. Preferred charges-- the charges preferred for measuring and transferring muzzle
velocities. These charges produce consistent predictable muzzle velocities. The MVVs they
produce should not vary more than 1.5 meters per second for the same charge or other charges of
the same charge group. Therefore, the MVV determined for one charge of a propellant type will
be similar (1.5 rids) to another charge of the same propellant type and lot. Preferred charges are
identified in Table 4-1.
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NOTE: The principle of MWs not varying by more than 1.5 m/s generally holds
true within preferred subsonic charges of a propellant type. However, the
convenience gained by this assumption more than offsets losses in accuracy, and it
Is sufficiently valid to allow for accurate massing.

h. Restricted charges-- those charges within a charge group to which it is not preferred
to transfer measured MVVs or for which it is not authorized to fire (is based on the weapon TM).
The performance of a restricted charge is not indicative of the performance of other charges
within the charge group.

I. Adjacent charge-- charges within a charge group which are 1 charge increment
greater or less than the charge calibrated. Used in the conduct of a calibration and subsequent lot
inference techniques.

J. Propellant lot-- a group of propellants made by the same manufacturer at the same
location with the same ingredients.

k. Calibration-- measuring the muzzle velocity of a weapon and then performing a
comparison between the muzzle velocity achieved by a given piece and the accepted standard.
There are two types of calibration--absolute and comparative.

(1) In absolute calibration, the weapon muzzle velocity is compared to the firing
table reference muzzle velocity.

(2) In a comparative calibration, the achieved muzzle velocities of two weapons are
compared.

I. M90 Readout average-- the average MV measured by the M90 which has not been
corrected to standard projectile weight and standard propellant temperature.

m. Calibrated muzzle velocity-- an M90 readout average that has been corrected to
standard projectile weight and propellant temperature.

n. Historical muzzle velocity-- a calibrated muzzle velocity which has been recorded in
a muzzle velocity logbook.

0. Inferred calibration-- the MV of a weapon is determined through mathematical
procedures by using data from a first lot calibration (baseline data) and the relative efficiency of a
second lot of propellant.

p. Erosion-- the wear in a howitzer tube that is the result of firing rounds. It is measured
from a pullover gauge reading, which is described in inches, or estimated by computing the
equivalent full charges (EFCs) for erosion. This is determined by multiplying the number of
rounds fired with a given charge and the number of EFCs per round for that charge and projectile.

g. Shooting strength-- the change in the achieved muzzle velocity of a howitzer over
time caused by erosion, which is a function of erosion and projectile family ballistics.



FM 6-40

r. Ammunition efficiency-- the change in velocity which is the sum of the projectile
efficiency and propellant efficiency.

s. Projectile efficiency-- known deviations from the standard for a particular projectile
which effect the achieved velocity. For example, a high-explosive (HE) M1 07 projectile which
weighs 31€) 93.9 pounds, vice the standard 4 [8195.0 pounds, would have a predictable change in
velocity, depending on the charge fired.

t. Propellant efficiency-- known deviations from the standard for a particular propellant
which effects the velocity of the projectile. For example, a lot of M3A1 propellant may perform
differently than the standard for that propellant type but is still acceptable for firing.

Table 4-1. Projectile Families, Propellant Types, and Charge Groups.
105 MM
PROJECTILE CHARGE PREFERRED
FAMILY PROPELLANT GROUPS CHARGES

HE M67 1-2 1-2
3-5 3-5
6-7 6-7

M200 8 8
RAP M176 3-5 3-5
6-7 6-7

155 MM

HE M3A1 1-5 3-5
M4A2 3-7 5-7

M119A1 8 8

M119A2 7 7
DPICM M3A1 3-5 3-5
M4A2 3-7 5-7

M119A1 8 8

M119A2 7 7

RAP M4A2 7 7

M118A1 8 8

M119A2 7 7
M203 8R 8R
Copperhead M3A1 4-5 4-5
M4A2 3-7 5-7

M119A1 8 8

M119A2 7 7

LEGEND:
DPICM = dual-purpose improved conventional munitions
RAP = rocket-assisted projectile

NOTE: Refer to ST 6-40-16 for information on the chare group and preferred
charges for the 8-inch (203-mm) howitzer.
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4-2. Calibration

Three techniques can be used to determine calibration data. The accuracy and complexity
of these different techniques varies greatly. Each of the techniques must be understood and
applied correctly to the tactical situation. The following order of preference can be used as a
guideline. The techniques are listed in order of decreasing preference.

@ MO0 chronograph calibration or baseline calibration.
e Subsequent lot inferred calibration.
® Predictive muzzle velocity techniques.

a. M90 Chronograph Calibration.

(1) Determine calibration data. The howitzer section installs the M90
velocimeter and records the administrative (admin) data at the top of the M90 Velocimeter Work
Sheet (DA Form 4982-I-R). The M90 readout values are recorded in the center portion of the
form. Normally, data from six usable rounds, all preferably fired within 20 minutes, are used to
ensure the most accurate calibration data. These six rounds can be from any fire mission
conducted by the firing unit. Specially conducted calibration missions are not required. If the
howitzer tube is cold (that is, has not been engaged in firing or in low air temperatures) the firing
of warm-up rounds is recommended. Fewer than six rounds can be used. In these situations, the
calibration validity is reduced in the same way that the validity of a registration is reduced when
the number of rounds fired is less than normal. In these situations, refer to Chapter 10, Table
10-1 for validity information and the effect of reduced rounds on the calibration data. Powder
temperature differences between rounds decrease the validity of the calibration. To reduce
powder temperature changes from round to round, use proper propellant handling and storing
procedures in the firing unit and fire all rounds measured for a calibration within a 20-minute
period. Follow these procedures in the calibration of all weapons. When the admin data and the
M90 velocimeter readout data are entered on DA Form 4982- I-R for all weapons, the form is
given to the fire direction center.

(2) Determine M90 readout average. The FDO inspects the readout values for all
rounds and deletes any invalid readout values, those exceeding the readout average by +3.0 m/s.
This +£3.0 m/s approximates 4 PER in the target area for the given charge. The FDC personnel
then determine the new readout average for the usable rounds by adding all usable readout values
and dividing the sum by the number of usable rounds. This value includes the effects of
nonstandard propellant temperature and projectile weight.

(3) Correct to standard. The M90 velocimeter readout average is not used in its
original form because it includes the effects of projectile weight and propellant temperature on
the muzzle velocity. The MV can be used when the corrections for projectile weight and
propellant temperature are applied by extracting the value from the appropriate table in the
MVCT M90-2 manual and applying that value to the readout average. The correction tables
contain data to correct the readout average to what it would have been if the reading had been
determined with a standard square-weight projectile and a standard propellant temperature of
70°F. Enter MVVCT M90-2 for the appropriate weapon system and projectile family.
Locate the page containing the table for the same charge fired in the calibration. Enter the
table with the average propellant temperature and the weight of the projectile fired. Interpolate

4-4



FM 6-40

the value to correct the readout average to standard, and apply that value to the readout average.
The result is the calibrated muzzle velocity for the weapon.

(4) Complete HE M90 velocimeter worksheet.Once the velocity of the rounds

fired has been determined, FDC personnel are responsible for verifying and completing the DA
Form 4982-1-R. This will include the steps in Table 4-2. A completed DA Form 4982- I-R is
shown in Figure 4-1.

Table 4-2. Steps for Completing DA Form 4982-1-R.

STEP ACTION

1 Verify the admin data.

2 Verify the weapon bumper number.

3 Verify the weapon tube number.

4 Verify the starting powder temperature for each howitzer.

5 Verify the ending powder temperature for each howitzer.

6 Determine and record the average powder temperature for each howitzer to the nearest
degree.

7 Verify the MO0 velocimeter readout by round for each howitzer.
Average all the usable measured muzzle velocities for each howitzer.
Compare the average of the usable measured muzzle velocities with each measured
muzzle velocity for each howitzer.

10 If any measured muzzle velocity is more than +3.0 m/s from the average, discard it.
Discarding more than one velocity at a time may be necessary.

11 If any muzzle velocities were discarded, repeat steps 8 through 10 above. If no further
rounds are discarded, this is the readout average.

12 Record the readout average for each howitzer.

13 Locate the portion of the MVCT M90-2 for the weapon system fired.

14 Locate the portion of the MVCT M90-2 for the projectile family of the projectile fired.

16 Locate the page of the MVCT M90-2 for the charge of the propellant type used.

16 Find the projectilel® weight across the top of the table.

17 Find the average powder temperature on the left or right edge of the table.

18 Find where the projectile weight and the powder temperature intersect in the table. This
is the correction for the nonstandard condition(s).
NOTE: If the average powder temperature is not listed but is within the temperatures
listed, interpolation is required. If it is not within the temperatures listed, then use the last
listed value (that is, -40° or +130°F).

19 Determine and record the calibrated muzzle velocity by algebraically applying the
correction determined in step 18 to the readout average from step 12.

4-5



FM 6-40

(5) Complete the Muzzle Velocity Record (DA FORM 4982-R).

(a) DA Form 4982-R is the record of a calibration kept in the battery
or platoon muzzle velocity log book. The top part of the form (FIRST-LOT
CALIBRATION) is used to determine the weapon MVYV for a specific charge, when
corrected to standard. For future reference, place the completed muzzle velocity record
into the unit muzzle velocity logbook under the appropriate weapon projectile
family-propellant type-charge group. Ensure this information is given to the platoon
leader or XO for entry on DA Form 2408-4 (Weapon Record Data) or NAVMC 10558
(Weapon Record Book, Part 1) and 10558A (Weapon Record Book, Part H) for the
weapon.

(b) The determined MVV is used in the solution of concurrent and
subsequent met techniques and terrain gun position corrections. The lower part of the
form (SECOND-LOT CALIBRATION AND SECOND-LOT INFERENCE) is used to
infer muzzle velocity data for a second lot of propellant and/or ammunition.

(c) Table 4-3 provides the steps for completing DA Form 4982-R, and
Figure 4-2 shows the form completed through the first nine steps.

b. Subsequent Lot Inferred Calibration.

(1) Inferred subsequent lot calibration techniques allow a firing unit to
quickly update muzzle velocity information for a given projectile family-propellant
type combination, when firing a new lot of propellant. Subsequent lot calibration is
used to isolate the difference in efficiency between two propellant lots for one howitzer
firing the same projectile family. This difference is applied to the first lot calibration
data for the other howitzers to determine calibration data for the second lot. This
technique can be used when the situation does not permit the calibration of the new lot
with all guns.

(2) To accomplish this technique, the following requirements must be met:
e Calibration of the first lot must be completed for the entire unit.
® Calibration of a second lot must be completed for one gun.

(3) A calibration should be completed with all howitzers as soon as the
situation allows. Table 4-4 provides the steps for conducting a subsequent lot
calibration. Figure 4-3 shows DA Form 4982- 1-R completed for a second-lot inferred
calibration. Figure 4-4 shows DA Form 4982-R completed for a second-lot inferred
calibration.

4-6
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M90 VELOCIMETER WORK SHEET
For use of this form, see FM 8-40; the proponent is TRADOC.
CHARGE GROUP M q A 2_ DATEIA;JD TIME PROJECTILE FAMILY H £—
PROJECTILE MODE! POWDER LOT NUMBER PROJECTILE WEHGHT
M1Q% IND 837B-7872%3 | 5a
CALIBRATION DATA
ITEMS GUN1 | GUN2[GUNS J GuN4 | GUNS | GUNG | GUNT | GUN 8
CHARGE | CHARGE | CHARGE | CHARGE | CHARGE | CHARGE | CHARGE | CHARGE
a_ ZWBIZ?WB|?2WB| 2B
1. WEAPON BUMPER NUMBER A23 |A25|A2%#
2. WEAPON TUBE NUMBER 12212233 M 4455
3. STARTING POWDER TEMPERATURE 0 ﬂ bl
4. ENDING POWDER TEMPERATURE 7¢_ éa 62 & 8
&. AVERAGE POWDER TEMPERATURE z@_ é 2l & 8
M90 VELOCIMETER READOUT
ROUND 1 561515 LﬂO:‘-,ﬁE :‘l A Z”- 9! 568, A
ROUND 2 : 11563.5] E:gg
ROUND 3 LY SAAL : 71 s
ROUND 4 .
ROUND § o
ROUND 6
ROUND 7 i
ROUND 8 . |
READOUT AVERAGE 562.91563. 650441562
M90 VELOCITY COMPUTATION
6. MUZZLE VELOCITY CORRECTION +45 oy 1tay l+so
FOR NONSTANDARD CONDITIONS €.7 |30 | 3.7 Cc.7
7. CALIBRATED MUZZLE VELOCITY 15¢5.6|5672|567.8 570.4
P T T T —— .
O NUNDEK U YVARIVRA RUUNLD rikcy '
REMARKS #/ 562.9 #2 563.6 #3 5¢9.Y BY 5625
+ 3.8 2. *+ 3.8 #3. o
5¢5.9 566.6 Se#.d 570.5
see. 9 563.6 ses Y 56725
3 ¢ - 3&¢ bl 3.¢ -30¢
559.9 560.6 56l.7 567.5

DA FORM 4982-1-R, NOV 88

EDITION OF SEPTEMBER 1984 IS OBSOLETE.

Figure 4-1.

Completed M90 Velocimeter Work Sheet.




FM 6-40

Table 4-3. Completing DA Form 4982-R for a First-Lot Calibration.

STEP ACTION
1 DATE and POWDER MODEL blocks. Record date and powder model in the
appropriate blocks in the upper right corner of the form.
2 SHELL/FAMILY block. Record the projectile model and family.
3 FIRST POWDER LOT NUMBER block. Record the manufacturers number that
identifies this particular lot of powder.
4 GUN NUMBER/CHARGE FIRED block. Record the particular charge increment fired
next to the appropriate weapon number.
WEAPON BUMPER NUMBER block (Line 1). Record the weapon bumper number.
6 WEAPON TUBE NUMBER block (Line 2). Record the serial number of the tube.
7 FIRST-LOT CHARGE STANDARD MUZZLE VELOCITY block (Line 3). From the TFT,
extract the standard MV for the charge fired in the calibration.
8 CALIBRATED MUZZLE VELOCITY block (Line 4). Record the calibrated muzzie
velocity from line 7 of the M90 work sheet.
9 FIRST-LOT PIECE MUZZLE VELOCITY VARIATION (Line 5). Compare the calibrated
MV to the standard MV, and record the MVV (line 4 - line 3 = MVV).
DATE
MUZZLE VELOCITY RECORD /. JANSY
For use of this form, see FM 6-40; the proponent agency is TRADOC. F °WDEM°ﬁ a
FIRST-LOT CALIBRATION
SHELL/FAMILY | FIRST POWDER LOT NUMBER
Im MZ “!E w 73 GUN NUMBER/CHARGE FIRED
ITEMS U 2R zlm uzw “7”.3 (] ('] 7 v
1. WEAPON BUMPER NUMBER A2l 923 A25 | A%
2. WEAPON TUBE NUMBER /122 12233 é_ét/y YY55

(TET)

3. FIRST-LOT CHARGE STANDARD MUZZLE
VELOCITY (FROM TABULAR FIRING TABLE

21568.8]568.8|568.¢

ENTRY)

4. CALIBRATED MUZZLE VELOCITY
(BATTERY COMPUTER SYSTEM (BCS)

5. FIRST-LOT PIECE MUZZLE VELOCITY
VARIATION (LINE 4 - LINE 3 = LINE 5) ~2.Y |-@.8 |~w.2 |ta.¥

4-8

Figure 4-2. MV Record (Steps 1 Through 9).
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Table 4-4. Subsequent Lot Calibration.

STEP ACTION
1 Calibration, first lot. Conduct a calibration for all howitzers for the first lot of propellant.
Complete DA Form 4982-1-R in accordance with Table 4-2.
2 Calibration, second lot. Conduct a calibration for one howitzer for the second lot of
propeliant. Complete DA Form 4982-1-R in accordance with Table 4-2.

NOTE: The data for the following steps are recorded on DA Form 4982-R. (See Figure 4-4.)

3 Administrative information. Record the admin information on DA Form 4982-R, to
include the date, powder model, shell/family, and first powder lot number.

4 FIRST-LOT CALIBRATION section. Record the data from the first callbratlon for each
howitzer on lines 1 through 5 from the first DA Form 4982-1-R (Figure 4-1).

5 SECOND-LOT CALIBRATION section. Enter the date, time, and powder lot number.

(There is no specific block in which to do this on the form; enter this information above
the SHELL/FAMILY biock).

6 SHELL/FAMILY block. Enter the projectile model and family.

7 SECOND-LOT POWDER GROUP block. Enter the second-iot powder group.

8 G NUMBER/CHARGE FIRED block. Enter the calibrated charge fired for the

n\ulh r

9 SECOND-LOT CHARGE STANDARD MUZZLE VELOCITY block (Line 6). Enter the
second-lot standard muzzle velocity for the calibrated charge.

10 SECOND-LOT CALIBRATED MUZZLE VELOCITY block (Line 7). Enter the
second-lot calibrated muzzle velocity from line 7 of the M90 work sheet.

11 SECOND-LOT PIECE MUZZLE VELOCITY VARIATION block (Line 8). Compute the
second-lot muzzle velocity variation (line 7 - line 6 = line 8).

12 FIRST-LOT PIECE MUZZLE VELOCITY VARIATION (block) (line 9). Enter the first-lot
piece muzzle velocity variation from line 5.

13 CHANGE IN MUZZLE VELOCITY VARIATION (line 10). Determine the change in

muzzle velocity variation from the first lot to the second lot (line 8 - line 9 = line 10).

AT ALIS A I B Al 1P PaYats n¥4

SECOND-LOT STANDARD MUZZLE VELOCITY block (line 11). For aii weapons,
enter the second-lot standard muzzie velocity from the TFT.

b
kN

15 CHANGE IN MUZZILE VELOCITY VARIATION block (line 12). Enter the chu'}ge in
muzzle velocity variation from line 10 from the weapon that calibrated the s d lot.
This value allows us to compensate for propellant efficiency differences between the
two lots.

16 FIRST-LOT MUZZLE VELOCITY VARIATION block (line 13). Enter the first-lot muzzle
velocity variation for each weapon from line 5.

17 SECOND-LOT CALIBRATED MUZZLE VELOCITY VARIATION block (line 14).

Record the sums of lines 12 and 13. This gives an inferred muzzle velocity variation to
be used for the second lot for each gun (line 12 + line 13 = line 14).

18 CALIBRATED MUZZLE VELOCITY (Line 15). Record the sum of lines 11 and 14.
(Apply the inferred MVV pius the standard MV from the TFT to determine an MV.)
These are inferred muzzle velocities (line 11 + line 14 = line 15).

4-9
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M90 VELOCIMETER WORK SHEET
For use of this form, see FM 6-40; the proponent is TRADOC.

WRGEmAZ DATEAP}JTI'E ; ’//3¢ PROJECTILE FAMILY //[

PROJECTILE MODEL POWDER LOT NUMBER PROJECTILE WEIGHT 4 g

Mig? RADSBD-Z224972¢

CALIBRATION DATA

ITEMS GUN1 ] GUNZ| GUN3 | GUNA [ GUNS | GUNG | GUNT | GUN 8
CHARGE | CHARGE | CHARGE | CHARGE | CHARGE | CHARGE | CHARGE | CHARGE
a 7KB
1. WEAPON BUMPER NUMBER A a ]
2. WEAPON TUBE NUMBER
3. STARTING POWDER TEMPERATURE | 770
4. ENDING POWDER TEMPERATURE
6. AVERAGE POWDER TEMPERATURE 8
M90 VELOCIMETER READOUT
ROUND 1 566.9
ROUND 2 6 ? [
ROUND 3 7; 2.
ROUND 4 .
ROUND § 6.9
ROUND 6 2/
ROUND 7
ROUND 8
READOUT AVERAGE w
MS0 VELOCITY COMPUTATION
6. MUZZLE VELOCITY CORRECTION -
FOR NONSTANDARD CONDITIONS ¢- 9
7. CALIBRATED MUZZLE VELOCITY 5&! /
8. NUMBER OF WARMUP ROUNDS FIRED
REMARKS 2f° / 5¢7 ¢
+ 3.6
57¢.¢
5672 ¢
- 3.¢
XX
DA FORM 4982.1 _R’ Nov 88 EDITION OF SEPTEMBER 1084 I8 OBSOLETE.

Figure 4-3. M90 Velocimeter Work Sheet for Second-Lot Inferred Calibration.
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DATE

MUZZLE VELOCITY RECORD [/ JAN Y
For use of this form, sae FM 6-40; tha proponent agency is TRADOC. "W‘-”Wza
FIRST-LOT CALIBRATION
SHELL/FAMILY | FIRST POWDER LOT NUMBER
EVIND ~-28%72%3 GUN NUMBER/CHARGE FIRED
ITEMS v2W/Bl27W8B |v 7WB uZﬁa s 7 v
1. WEAPON BUMPER NUMBER A2l | A23 | A25 | A2*
2. WEAPON TUBE NUMBER /722 12233]|33v4 |4¥SS
3. FIRBT-LOT CHARGE STANDARD MUZZLE !
VELOCITY (FROM TABULAR FIRING TABLE
am s68.0548.0508.0|5¢6.0
(BATTERY COMPUTER SYSTEM (BCS)
il 61967.21563.81578.4
&. FIRBT-LOT PIECE MUZZLE VELOCITY
VARIATION (LINE 4 - LINE 3 = LINE 8) _.Y|-¢g.8|-02 |+ 2.4
! /139, RADBAD-B 7 z&‘_’:‘ﬁi\iﬁ-lﬂT CALIBRATION
SHELL/FAMILY | POWDER GROUP
MYA2 _ GUN NUMBER/CHARGE FIRED
‘ TEMS v/ Bl ¥ v v & 17 v
6. SECOND-LOT CHARGE STANDARD
MUZZLE VELOCITY (FROM TET) ’va:)
7. SECOND-LOT CALIBRATED MUZZLE
8. SECOND-LOT PIECE MUZZLE VELOCITY
VARIATION (LINE 7 - LINE 6 = LINE 8) - /.9
9. FIRST-LOT PIECE MUZZLE VELOCITY
VARIATION (LINE 5) a-X 4
10. CHANGE IN MUZZLE VELOCITY
VARIATION (LINE 8 - LINE 9 = LINE 10) te.5
SECOND-LOT INFERENCE
" ssoouu?; grun#nmum l 5. I ' .
1 CARIATION (LNE 10y +*9.5|*@.5| to.5|t+@.5
ja vl (LINE 5) ~2.Y|"ed.8|-¢@g.2|*2.4
14. SECOND-LOT CALIBRATED MUZZLE +
mvmnomuo:u*uvsu ~1.9 | ~¢.3 t@g.3|*2.9
" Gmmune e ueine . |566.1|567. 7|568.3]570.9

DA FORM 4982-R, NOV 88

EDITION OF SEPTEMBER 1964 IS OBSOLETE.

Figure 4-4. Muzzle Velocity Record for Second-Lot Inferred Calibration.
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c. Predictive Muzzle Velocity Technique. While it is not practical to predict (within
0.1 m/s) the velocity of every round, it is possible to approximate velocities to within 1 or 2 m/s
with current available information. This may be useful when calibration is not possible, when
updating calibration data, or when trying to increase the accuracy of inferred MV techniques.

(1) When calibration is not possible, the shooting strength of the howitzer can be
used as the MVV. While this may be enough when no other data are available, it is important to
understand that an MVV consists of more than just shooting strength. An equation can be
created for determining an MVV by using its basic parts. (See Figure 4-5.)

_Shooting Ammunition Round to Round
MvV ~ Strength * Efficiency ¥ Variation

Figure 4-5. Muzzle Velocity Equation.

(2) If all three elements are known, it is possible to determine a value for MVV. It
is neither practical nor necessary to quantify round-to-round variation. This element is usually
small and subject to rapid change. Projectile efficiency, as a part of ammunition efficiency, is
accounted for in solving the concurrent and subsequent met techniques. Therefore, if the
round-to-round variation and the projectile efficiency are eliminated from the equation, the
howitzer shooting strength and the propellant efficiency of the propellant lot to be fired can
approximate the MVV. (See Figure 4-6.)

MVV = Shooting Strength + Propellant Efficiency

Figure 4-6. MVV Approximation.

(3) If calibration is not possible, adding the propellant efficiency to the shooting
strength will result in a more accurate MVV for determining firing data than if the shooting
strength is considered alone. This MVV can be used as the MVV for manual fire missions. Each
howitzer has a value for shooting strength for each projectile family. Also, the value of
propellant efficiency applies to any projectile family with which the propellant lot is fired.

4-3. Estimating Shooting Strength

a. There may be times when calibration is not possible. If the M90 is not available or
there is not time to conduct a calibration, it may be necessary to determine the shooting strength
of the howitzer by other means. The shooting strength of a howitzer can be determined by using
pullover gauge readings and/or erosion EFC service round effects with the appropriate TFT for
the weapon-projectile combination to be fired. (See Table 4-5.) DA Form 2408-4 provides the
information to determine the shooting strength of each howitzer. (See Figure 4-7.)
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b. The number of EFCs is determined by multiplying the number of rounds fired for a
specific projectile and propellant by the equivalent erosion effect in decimals for the charge fired
listed in the introduction of the TFT. Different projectile families have different TFTs and
consequently different values for equivalent erosion effect in decimals. Pullover gauge readings
can be determined regularly by the maintenance section in conjunction with borescoping the
howitzer. The most accurate technique is to combine the pullover gauge reading and the erosion
EFCs fired after the pullover gauge reading to determine an expected loss in muzzle velocity.
The most recent pullover gauge reading or total erosion EFCs may be used to determine the
approximate loss in muzzle velocity. Table 4-6 provides the steps for determining the pullover
gauge reading.

Table 4-5. Estimating Shooting Strength.

STEP ACTION
1 Determine the pullover gauge reading from DA Form 2408-4 (NAVMC 10558A) for the
specific howitzer if available. If no pullover gauge reading is available, go to step 6.
2 Determine the equivalent number of EFCs by entering the Approximate Losses in

Muzzle Velocity table for the correct weapon in the introduction of the appropriate TFT
and extracting the number of EFCs equivalent to the pullover gauge reading.
Interpolate as necessary.

3 Determine the total number of erosion EFCs since the pullover gauge reading. Multiply
the number of rounds fired by the erosion factor for the appropriate projectile-propellant
charge combination. If unknown, use the pullover gauge reading.

4 Determine the equivalent cumulative number of EFCs for the specific howitzer by
adding the value in step 2 to the value in step 3.

5 Determine the loss in muzzle velocity by entering the table with the equivalent
cumulative number of EFCs; interpolate as necessary. Go to step 8.

6 Determine the cumulative number of EFCs from DA Form 2408-4 (NAVMC 10558A) for
the specific howitzer.

7 Determine the loss in muzzle velocity by entering the approximate loss in muzzle
velocity table with the cumulative number of EFCs (step 6); interpolate as necessary.

8 The value determined approximates the shooting strength of the howitzer and can be

used as an MVV if no other data are available. Repeat steps 1 through 8 for all
projectile families to be fired.

Table 4-6. Determining Pullover Gauge Reading.

STEP ACTION
1 Determine the pullover gauge reading from the DA Form 2408-4 (NAVMC 10558A).
The value should be 6.128. (See Figure 4-7.)
2 Determine the equivalent number of EFCs by entering the Approximate Losses in

Muzzle Velocity table, page XIV, in the introduction of the FT 155-AM-2 and extracting
the number of EFCs equivalent to the pullover gauge reading. Interpolate as
necessary. The value should be 800.

3 Determine the total number of erosion EFCs since the pullover gauge reading. Multiply
the number of rounds fired, 200, by the erosion factor for charge 7WB, cannon M185.
The value should be .30 (200 x .30 = 60).

4 Determine the equivalent cumulative number of EFCs for Howitzer Number 3 by adding
the value in step 2 to the value in step 3 (800 + 60 = 860).
5 Determine the loss in muzzle velocity by entering the table with the equivalent

cumulative number of EFCs, 860; interpolate as necessary. The value should be -1.5.
The value -1.5 m/s approximates the shooting strength of the howitzer and can be used
as an MVV if no other data are available.
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WEAPON RECORP DATA uwnuec:;rucg.wt symsoL
1. TUBE SERIAL NO. mem‘.ﬂ_l = * 3. ORCA'IZA.T”NM) 4. SPECIAL LIFE DATA
3394 /855mm M185 A BTry 1/51
_HOW Med SP /155mm MIBIA3
— /856 %4 ]
“ow [ fmmef e [ lsmmm ] o el e .
. » R ‘ . ’ . 'chm Ing, Safety ";'M'n (L] S
/L JANDY kst 1329

BORESCOPED AN

172 JANY
PULLOVER 6.128

QPTANYY| ME 7 | eeo

CONTINUE ON REVERSE
DA .2 2408-4 EDmon or 08 7 Wi se useo

Figure 4-7. DA Form 2408-4.

4-4. Updating MVV Data

Once determined, the calibration data represent the best indicator of the expected MVV.
But the MVV is not valid forever since the howitzer shooting strength changes as more rounds
are fired. Calibration data can be made indefinitely valid if the shooting strength is continually
updated. If the shooting strength of the howitzer is determined at the time of calibration, the
changes in shooting strength can be added to the calibrated MVV over time. The current
shooting strength can be determined from the Approximate Losses in Muzzle Velocity table in
the TFT introduction on the basis of the pullover gauge readings and/or EFCs. The change in
shooting strength is determined by subtracting the shooting strength at the time of calibration
from the current shooting strength. This difference is then applied to the calibrated MVV to
determine a current or updated MVV.

4-5. Other Applications

a. The possible applications of the basic equation, Figure 4-6, provide enough flexibility
to determine any of the three parts of the equation (MVV, shooting strength, and propellant
efficiency). If any two parts are known, the third can be determined. For example, if a
replacement howitzer is received without its DA Form 2408-4, its shooting strength would be
unknown. However, if it was calibrated and the propellant efficiency of the calibrated propellant
lot is known, the shooting strength can be approximated (a modification of the formula found in
Figure 4-6). This approximated shooting strength could then be applied by using the techniques
described In paragraphs 4-2 and 4-3.
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b. A useful application of the basic equation is the ability to solve for the propellant
efficiency of a given propellant lot. The propellant efficiency could then be used to predict an
MVV for a different projectile family. (See the example below.)

EXAMPLE
Weapon: M109A3
Projectile: M107 HE, Lot A
M712 CPH, Lot C
Propellant: M4A2, Lot W
Calibration Information: Chg 6, Lot AW, MVV -8.2 m/s

Current Pullover Gauge Reading: 6.163

Enter TFT 155-AM-2, and determine the estimated loss in shooting strength by using the current
pullover gauge reading. The estimated shooting strength at the time of the calibration is -7.0 m/s
(interpolate as necessary). Using the basic equation for an MVV, solve for the estimated propeliant
efficiency. MVV (-8.2) - SHOOTING STRENGTH (-7.0) = PROPELLANT EFFICIENCY (-1.2).

Enter TFT 155-AS-1, and predict an MVV for shell Copperhead. The estimated shooting strength
(using the current pullover gauge reading) is 4.7 m/s. Use the basic equation SHOOTING
STRENGTH (4.7) + PROPELLANT EFFICIENCY (-1.2) = MVV (-5.9). This predicted MVV can now
be used to solve the met-to-target subsequent met technique for shell Copperhead. (See Chapter 13.)

4-6. MVV Logbook

Once MV data have been determined, these data are used for numerous techniques. MV
data must be recorded on DA Form 4982-R which is then filed in an MV logbook. The MV
logbook allows for quick referencing of howitzer performance when firing a particular projectile
family-propellant lot-charge combination. The major sections in the MV logbook are for the
projectile families. Each one of the sections should be tabbed for each authorized propellant
type-charge group for the projectile family.

4-7. Frequency of Calibration

Ideally, calibration occurs continuously. If that is impractical or impossible, the
following methods identify when to consider calibrating.

a. Initial Receipt or Retubing. All new pieces of a given caliber and model will not
necessarily develop the same muzzle velocity because of the tolerances that are allowed in the
size of the powder chamber and in the dimensions of the bore. Therefore, pieces should be
calibrated as soon as possible after receipt or when retubed. Muzzle velocities should be
recorded on DA Form 2408-4.

b. Change in Propellant Lot. Calibration should be conducted as soon as possible
after an uncalibrated propellant lot is received.

c. New Projectile Family. Calibration should be conducted if a new projectile; for
example, M825 smoke (projectile family DPICM), is received for which there are no previous
MV records for that projectile family.
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d. Annually. Any piece in service should be recalibrated at least annually. The
primary factor contributing to the loss in muzzle velocity for a piece is the number of rounds that
have been fired through the tube and the charges used in firing them. Higher charges increase
tube wear, which, in turn, tends to decrease muzzle velocity. Guns, because of their higher
velocities, tend to display tube wear more quickly than howitzers. If a great deal of firing takes
place, recalibration will be needed more often than annually. Methods of determining when
recalibration may be needed are outlined below. The following situations assume that firing
takes place with a previously calibrated projectile family-propellant lot.

e. Changes in VE. If an accurate record of the changes in VE determined from
concurrent met solutions is maintained, it may be used as a guide for determining the need for
recalibration. When the velocity loss since the last calibration is equivalent to 2 range probable
errors, the need for recalibration is indicated. (An indicator of this is a loss of 1.5 m/s, which
generally approximates 2 probable errors in range.)

f. Tube Wear. The extent of tube wear near the beginning of the rifling of the bore
indicates the loss in muzzle velocity and the remaining tube life. Precise measurement of the
distance between the lands in the bore near the start of the rifling can be made with a pullover
gauge. Organizational or direct support maintenance has this gauge and makes the measurement.
The wear measurement, when compared with the data in the “wear” table (Approximate Losses in
Muzzle Velocity table) in the introduction of each firing table, can be used in estimating the loss
in muzzle velocity.

g. EFCs. A change in the number of erosion EFC service rounds as depicted in the
weapon record book may also indicate a need for recalibration. (Refer to paragraph 4-3 for more
information about EFCs.) The change in erosion EFC rounds compared with data in the
Approximate Losses in Muzzle Velocity table (in the introduction of each TFT) that corresponds
to a loss of 1.5 m/s in muzzle velocity may indicate a need for recalibration. A loss of 1.5 m/sin
MV generally equates to the effects of 2 probable errors in range (2 PER).

4-8. Transferring MVVs

a. Ideally, every charge should be calibrated. However, this may not always be feasible.
Therefore, the calibration of a few charges, one within each charge group that results in an MVV
applicable to other charges within a charge group, is imperative. For calibration purposes, there
are two categories of charges within a charge group. These are preferred charges and restricted
charges. The following guidance is established as an order of preference when selecting a charge
to calibrate:

(1) If you know the charge you will be firing calibrate that charge.

(2) If the charge you will be shooting is unknown, calibrate the middle charge of
the preferred charge group.

b. Calibration data determined should only be applied to a subsequent fire mission when
the mission meets the following requirement: It is the same calibrated howitzer firing the same
calibrated projectile family-propelant lot combination. Once calibration data are determined for
a particular charge, these data can be transferred to other charges in the same lot. The order of
preference for transferring is as follows:
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(1) Transfer down 1 charge.

(2) Transfer up 1 charge.

NOTE: Shooting strength and ammo efficiency make up the achieved MV. With
higher charges, there is more erosion but less variance in ammo efficiency. For
lower charges, there is less erosion but more variance in ammo efficiency.
Therefore, the general overall effect is less variance when transferring down as

opposed to up.

(3) Transfer down 2 charges within the preferred charges.
(4) Transfer up 2 charges within the preferred charges.

(5) Transfer from a preferred charge to a restricted charge.

NOTE: MWs should not be transferred from a restricted charge to any other
charge on the basis of the nature (large round-to-round variances) of restricted

charges.
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Chapter 5
FIRE MISSION MESSAGES

The processing of a fire mission involves three essential messages. These are the fire
order, message to observer, and fire commands. These messages contain the necessary
information to tactically engage the target, control the mission, and transmit technical fire
direction to the howitzers.

Section |
Fire Order

This section implements STANAG 2934, Chapter 7, and QSTAG 221.

In the fire order, the FDO specifies how the target will be attacked. This is
tactical fire direction.

5-1. Overview

When the FDC receives a call for fire (CFF), the FDO must determine if and how the
target will be attacked. This decision (part of tactical fire direction) may be made at the battalion
or battery or platoon FDC. In battalion missions, the battalion FDO is responsible for issuing the
fire order. In autonomous operations, the battery or platoon FDO is responsible for issuing the
fire order. A fire order is the FDO’s decision on what unit(s) will fire and how much and what
type of ammunition will be fired. It is based on the FDO’s analysis of the target.

5-2. Target Attack Considerations
In determining how, if at all, to attack a target, the FDO must consider several factors.

a. Location of the Target. The FDO must check the location relative to friendly
forces, fire support coordinating measures, and zones of responsibility. Target location accuracy
must also be considered. The range to the target will affect the choice of unit(s) to fire and
charge. The terrain around the target may influence ammunition selection and type of trajectory.
High intermediate crests may require selection of a lower charge or high-angle fire.

b. Nature of the Target. The size and type of target (for example, troops, vehicles,
hard, soft, and so on) will affect the following:

@ Number of units to fire.

Type of sheaf.

Selection of ammunition.

Number of rounds in fire for effect.

Priority.

Whether surprise fire (for example, time on target [TOT]) is possible.
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c. Ammunition Available. The FDO must consider the amount and type of
ammunition available and the controlled supply rate (CSR).

d. Units Available. The number of units available will not only affect which units will
be used, but also the type of attack. Sweep and/or zone fire or other techniques may be needed to
cover large targets when enough units are not available.

e. Commander’s Guidance or Standing Operating Procedures. Restrictions on
ammunition, the operations order, and SOPs may govern the selection of units and ammunition,
target priority, and method of attack.

f. Call for Fire. The FDO must consider the observer’s request carefully since he is
observing the target and talks directly to the maneuver commander. The observer’s request
should be honored when possible.

g. Munitions Effects. The FDO may use the joint munitions effectiveness manual
(JMEM) to determine the type munition and volume of fire to be delivered. The FDO will rely
most often on the graphical munitions effectiveness table (GMET), attack guidance matrixes,
commander’s guidance, and/or experience.

h. Availability of Corrections. The availability of corrections to firing data for
nonstandard conditions is a guiding factor in the choice of charge and munitions, since it directly
affects accuracy.

i. Enemy Target Acquisition Capability. Knowledge of the current enemy
counterbattery radar and sound-ranging capabilities allows the FDO to attack the target in a
manner most likely to avoid detection of the unit’s location.

NOTE: For a more detailed discussion, refer to Appendix B.

5-3. Fire Order Elements

In autonomous operations, the battery or platoon FDO must issue a fire order. The fire
order will address all information needed to conduct the mission. The fire order is issued in a
prescribed sequence. It consists of 10 elements:

® Unit to fire,

® Adjusting element and/or method of fire (MOF) of adjusting element.
Basis for corrections.

Distribution.

Special instructions.
Method of FFE.
Projectile in effect (1/E).

Ammunition lot and charge in effect.

Fuze in effect.

Target number.
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If not standardized by unit SOP, the elements in Figure 5-1 will be addressed in the fire
order.

a. UNIT TO FIRE. Indicates the units to follow the mission and to fire for effect.
Normally, BATTERY or PLATOON is announced as the unit to fire.

b. ADJUSTING ELEMENT AND/OR METHOD OF FIRE OF THE ADJUSTING
ELEMENT (if applicable). Indicates the weapon(s) that will adjust. Normally, the base piece
Is selected and will fire one round in adjustment.

(1) Projectile in adjustment. This is the type of shell to be fired by the adjusting
piece in an adjust-fire mission.

(2) Lot and charge in adjustment. This is the ammunition lot (for the shell and
propellant) and the charge to be fired by the adjusting piece in an adjust-fire mission.

(3) Fuze in adjustment. This is the type of fuze to be fired by the adjusting piece
in an adjust-fire mission.

ELEMENTS

UNIT TO FIRE

ADJUSTING ELEMENT AND/OR MOF
Projectile in adj
Lot and charge in adj
Fuze in adj

BASIS FOR CORRECTIONS
DISTRIBUTION
SPECIAL INSTRUCTIONS
METHOD OF FIRE FOR EFFECT
PROJECTILE I/E
AMMUNITION LOT AND CHARGE I/E
FUZE I/E
TARGET NUMBER
Figure 5-1. Fire Order Elements.

c. BASIS FOR CORRECTIONS. This element dictates how data will be determined.
Normally, the fastest method is designated.

d. DISTRIBUTION. This element describes the pattern of bursts (sheaf) in or around
the target area. The assumed sheaf is a parallel sheaf, which resembles the arrangement of the
pieces in the firing position. The sheaf computed may vary from the assumed sheaf on the basis
of the number of howitzers available, target size, attitude, and description received from the
observer (obsr). If the FDO desires a sheaf other than the assumed sheaf, he will announce it
here.

e. SPECIAL INSTRUCTIONS. This element is any method of control or
coordinating instructions deemed appropriate by the FDO.
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f. METHOD OF FIRE FOR EFFECT. This element indicates the number of rounds
in the fire for effect phase of a mission. This element will always be announced by the FDO.

g. PROJECTILE IN EFFECT. This element is the projectile to be freed in effect.

h. AMMUNITION LOT AND CHARGE I/E. This element is the ammunition lot(s)
and charge used in fire for effect.

I. FUZE I/E. This element is the fuze to be fired in effect.
J. TARGET NUMBER. This element is the specific target number assigned to a fire

mission.

5-4. Battery or Platoon Fire Orders
The guidance in Table 5-1 will be used in issuing the fire order.

Table 5-1. Battery or Platoon Fire Orders.

5-4

STEP ACTION

1 UNIT TO FIRE. This element is the unit that the FDO desires to fire in effect. In an
adjust-f re mission, the unit to fire will be those pieces that follow the mission. The
possible selections for UNIT TO FIRE are:
BTRY (battery).
PLT (platoon).
LEFT.
CENTER.
RIGHT.
Any gun number or combination of gun numbers.

2 ADJUSTING ELEMENT AND/OR METHOD OF FIRE OF THE ADJUSTING

ELEMENT.

Projectile in adj

Ammo Lot and Charge in adj

Fuze in adj
This element indicates the piece or pieces that will conduct the adjustment in an adjust
fire mission and the number and type of rounds to be fired per tube for each adjustment.
The possible selections for ADJUSTING ELEMENT are:

RIGHT.
Any gun number or combination of gun numbers.

In an adjust-fire mission, it may be necessary to adjust with a projectile other than HE.
When that happens, the projectile, lot, and fuze to be fired in adjustment will be
addressed by the FDO as part of the method of fire in adjustment. The possible
selections for METHOD OF FIRE OF THE ADJUSTING ELEMENT are:

N IMRED NE DN IND
WUk VI NI

\'4
OJE CTILE (usually HE).
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STEP

Table 5-1. Battery or Platoon Fire Orders (Continued).
ACTION

BASIS FOR CORRECTIONS. This element indicates the method that will be used to
compute firing data for the mission. The possible selections for BASIS FOR
CORRECTIONS are:

Use TFT.
Use GFT (graphical firing table).
Met + VE.

S

DISTRIBUTION. This element describes the desired pattern of bursts (sheaf) in the

target area. The possible selections for DISTRIBUTION are:

PARALLEL.
CONVERGED.
OPEN ol nlolal-Sa

RANGE or LATERAL SPREAD.
SPECIAL (any other type of sheaf [that is, linear, circular, rectangular]).

Additionai information may be required for situations in which a special sheaf is to be
fired. Immediately following the announcement of SPECIAL, any additional instructions
concemning the sheaf will be announced. This pertalns especially to family of
scatterable mines (FASCAM) procedures. For example, the announcement SPECIAL
3 AIMPOINTS.

NOTE: Converged, open, and special sheafs will require that a special instruction of SPECIAL
CORRECTIONS be announced in the fire commands at the fire-for-effect stage of the mission.

5

SPECIAL INSTRUCTIONS. This element provides a place for the FDO to control the

time of opening fire and special methods of attack. The possible selections for
SPECIAl INSTRUCTIONS ara discussed below.

=W Ve (TVW AW W I T WITW @IS WITWUOOUWU WGIVTY

WHEN READY (WR) is not a special lnstructlon It is the standard time of opening
imadiamtan dlomd bl o I-‘.. -... ... . Llmm

fire unless a special instruction is imposed. This indicates that the howitzers r ay nre

at the section chiefs command.

AT MY COMMAND (AMC) is a restrictive command that allows the FDO to control
the time of firing from the FDC. When announced in the special instructions of the
fire order, AMC will indicate that each rggr:nd in the adjustment stage and the first

voiiey of fire for effect will be at the FDC's command. AMC will be announced to
the howitzers as a special instruction in the fire commands.

BY PIECE AT MY COMMAND (BPAMC) is a restrictive command which is used to
control the firing of the unit by howitzer at the FDO'’s discretion. BPAMC is
announced as a special instruction in the fire commands.

BY ROUND AT MY COMMAND (BRAMC) is a restrictive command that allows the
FDO to control the time of firing of a group of rounds by volley. BRAMC is
announced to the howitzers as a special instruction in the fire commands and will
pertain only to the FFE stage of the mission.

BY PIECE, BY ROUND, AT MY COMMAND (BPBRAMC) is a restrictive command
which combines both BY PIECE and BY ROUND with AT MY COMMAND control.
BPBRAMC is announced as a special instruction in the fire commands.
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STEP

Table 5-1. Battery or Platoon Fire Orders (Continued).
ACTION

TIME ON TARGET allows the FDO to control the time of firing by indicating the time
the rounds will impact at the target area. This method will be used most frequently to
mass the fires of different units. AMC is announced as a special instruction in the fire
commands.

RIGHT (or left) BY PIECE AT (interval) is a restrictive command which will cause
the pieces to fire at an announced interval beginning at either end of the gun line.
This is used to allow the observer to examine the impacts and determine pieces that
are placing rounds outside the sheaf.

A-nlnn-u mav H Londad i I-. i
AZIMUTH may be included in the fire order when the FDO examines the plo

target and fi nds that the howutzers must shift trails. The command AZIMUTH
(four-digit value) is announced as a special instruction in the fire commands.

DO NOT LOAD (DNL) is a restrictive fire command that prohibits loading and firing
the howitzer. The howitzer section may prepare the ammunition, lay the howitzer for
deflection, and set the quadrant elevation (or loading elevation). This command will
be used when a long period of time may elapse before the firing of the mission. This
allows other missions to be processed. DNL is announced as a special instruction in
the fire commands.

CANCEL DO NOT LOAD (CDNL) is the supplementary command of DNL. It aliows
the howitzers to load the ammunition. When quadrant is used, it will also be
announced. Other restrictive commands may be necessary; for example CANCEL
DO NOT LOAD, TARGET NUMBER AC4000 [if applicable], AMC, QUADRANT
347).

CANCEL TERRAIN GUN POSITION CORRECTIONS (CTGPC) is announced by
the FDO when he does not want the howitzers to apply the TGPCs previously
announced. CTGPC applies only to the mission in which the command is
announced. CTGPC is announced as a special instruction in the fire commands.
PRIMARY, LEFT, RIGHT SECTOR allows the FDO to instruct the FDC personnel
that T(‘Dr‘e are changed to the sector indicated. The change to the corrections of
another sector will foIIow a shift in direction of fire (shift of tralls) This command is
announced to the howitzers as a special instruction and will remain in effect until the
howitzers are directed to shift sectors.

1 ok
unced as a special instruction in the fire commands.

HIGH ANGLE (HA) indicates the target will be engaged with high-angie fire. HA is
ann

EEP AND/OR ZONE indicates that the FDO desires to attack the target by one or

Lmtle of blamon mamblyond Tha N H i
both of these methods. The FDO will not try to announce the number of mils or

number of deflections or quadrants. The FDC chief or computer will determine this
on the basis of the size of the target and FDO's distribution.

USE GUNNER’S QUADRANT indicates that the FDO wants the gunner's quadrant
used to set or check the quadrant elevation. It is most commonly used during the

firing of a reg|Strat|on destruction mission, or uanger close mission. uocC
GUNNER'S QUADRANT is announced as a special instruction in the fire commands.

5-6

METHOD OF FIRE FOR EFFECT. This element indicates the number of rounds to be
fired by each howitzer in the FFE phase of a mission. It will always be announced by
the FDO.
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Table 5-1. Battery or Platoon Fire Orders (Continued)

STEP ACTION
7 PROJECTILE IN EFFECT. This element indicates the projectile to be fired in fire for
effect.
8 AMMUNITION LOT AND CHARGE IN EFFECT. This element indicates the iot and

charge to be fired in fire for effect.

NOTE: The range-deflection protractor (RDP) can be marked along the range arm to
indicate the appropriate charge for a given range. A guide for marking the RDP is to
segment the RDP in the same manner as indicated by the charge selection tables in the
introduction of each TFT. The FDO should consider the tactical situation (primary target
engagement ranges and counterfire threat), munition effects (as related to the angle of
fall), probable error, tube wear, and surrounding terrain in selecting the best charge to
fire. The announcement of RANGE and CHARGE (such-and-such) by the HCO
significantly speeds mission processing times. Refer to Appendix C for ammunition
planning ranges.

9 FUZE IN EFFECT. This element indicates the fuze to be fired in fire for effect. When
shell HE is fired in effect, only the fuze needs to be announced. When shells other than

HE are fired, the fuze is not announced, except when white phosphorus (WP) or time

(ti) is desired.

10 TARGET NUMBER. The target number consists of six characters comprised of two
aiphabetic characters foiilowed by four numericai positions. This eiement aiiows a target
number from the firing unit's target number block to be assigned to the mission. The
computer assigns the target number and records it on DA Form 4504 (Record of Fire).
it is transmitted by the RATELO (in the message to observer) to help the observer
identify all fire mission-related messages to a particular mission. This facilitates mission
processing. All missions must have a target number.

5-5. Fire Order Standing Operating Procedures

a. In most cases, a particular element of the fire order may remain the same from one
mission to the next. On the basis of the tactical situation, type and amount of ammunition
available, and commander’s guidance, the FDO establishes an SOP for each element, which
should be displayed in the FDC. When the FDO does not address an element in his fire order, the
standard for that element will apply. The FDO need only announce what has changed from the
standard. However, the method of fire for effect must be announced.

b. The FDO must ensure that the fire order is clear, concise, and in the proper format.
The fire order format is designed to disseminate information clearly and rapidly with minimal
discussion. It is impossible to provide a textbook solution for every conceivable situation, but a
combination of technical knowledge and common sense should be enough to avoid confusion. It
Is better, if any confusion exists, to be redundant rather than too brief.

c. The use of a good SOP to clarify certain missions is essential. Immediate
suppression, immediate smoke, illumination (illum), and mixed shell missions (HE and WP, for
instance), can be handled more responsively when governed by an SOP. For example, an FDO
needs only to say IMMEDIATE SUPPRESSION to mean a platoon will fire two volleys of
HE/variable time (VT).

S5-7
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d. The example below shows the fire order elements and the fire order SOP for a
four-howitzer platoon. (See Figure 5-2.)

EXAMPLE

Recorded call for fire: K38 de C19, AF k
GRID 364239 k
BTR-70, ICM ile k

FDO decision: The FDO decides to attack the target and fire platoon 1 round, shell HE/fuze VT I/E
with a converged sheaf with chg 4, lot AG, and to adjust with Howitzer Number 2.

(See Figure 5-3, which shows all elements addressed in the previous example.

UNIT TO FIRE BATTERY/PLATOON
ADJUSTING ELEMENT AND/OR MOF #3 1 ROUND
Projectile in adj HE
Lot and charge in adj LOT AG/FDO or COMPUTER SELECT'
Fuze in adj Q
BASIS FOR CORRECTIONS USE GFT
DISTRIBUTION PARALLEL
SPECIAL INSTRUCTIONS WR
METHOD OF FIRE FOR EFFECT FDO ANNOUNCE
PROJECTILE I/E OBS/FDO SELECT?
AMMUNITION LOT AND CHARGE I/E FDO/COMPUTER SELECT'
FUZE I/E OBS/FDO SELECT?
TARGET NUMBER NEXT AVAILABLE

NOTE: The FDO has the final decision-making authority in the FDC and can override any standard
by announcing his choice. He will also make any additional announcements that he feels are
necessary to avoid confusion and allow him to maintain control.

The FDO/computer must select a charge that will allow the engagement of the majority of targets
within the area of operations. This provides the charge to register and the one to be used in the
computation of TGPCs. If the fire for effect lot(s) and charge are the same as in the adjustment
phase, they will not be addressed in the AMMUNITION LOT AND CHARGE I/E block.

2The standard OBSERVER/FDO SELECT allows the FDO to agree with the observer’s selection as
announced, or implied in the call for fire, by making no announcement. This should result in a
shorter fire order. In most cases, the FDO should try to fulfill the observer's request. The FDO
overrides the observer’s request by announcing his choice.

Figure 5-2. FDC Fire Order SOP.
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(Elements in parentheses are SOP and are not announced.)

ELEMENT DECISION EXPLANATION
1 UNIT TO FIRE (PLT) SOP
2 | ADJUSTING ELEMENT AND/OR
MOF #2 1 ROUND | Differs from SOP
Projectile in adj (HE) SOP
Lot and charge in adj (AG/4) Does not differ from SOP
Fuze in adj Q) SOP
3 BASIS FOR CORRECTIONS {Use GFT) SOP
4 DISTRIBUTION Converged Differs from observer's implied choice
5 | SPECIAL INSTRUCTIONS (WR) SOP
6 METHOD OF FIRE FOR EFFECT 1 ROUND FDO must announce
7 PROJECTILE I/E (HE) Differs from the observer's request
but is not announced as HE.
Since fuze VT wiii be fired in effect, it
is understood it is HE.
8 | AMMUNITION LOT AND (AG/CHG 4) Same as adjustment
CHARGE I/E
9 FUZE I/E VTI/E Differs from observer's request
10 | TARGET NUMBER (AA7000) Assigned by the computer

Thus the fire order is: #2, 1 round, converged sheaf, 1 round VT l/E.

Figure 5-3. Exampie Fire Order.

5-6. Battalion Fire Order

Battalion fire orders must be issued to mass the fires of the battalion on a single target.
The battalion fire order differs from the battery or platoon fire order since all the units of the
battalion may not be able to receive the call for fire. The battalion fire order must be able to
convey all information to cause the units to engage the target. A battalion fire order (Figure 5-4)
follows the same basic format as a battery or platoon fire order except for the following:

a. WARNING ORDER.A warning order is issued to indicate the type of mission (AF
or FFE) to be fired (not standardized).

b. UNIT TO FIRE. This is the unit to fire for effect. If the fire order originates at the
battalion FDC and the FDO decides to fire the entire battalion, the element is announced as
BATTALION. To designate less than the entire battalion, the individual elements are
announced (for example, ALPHA and CHARLIE). When the designation of the unit to fire is
transmitted outside the FDC, the unit call sign should be used.

¢. UNIT TO ADJUST or METHOD OF FIRE OF THE ADJUSTING UNIT. This
Is the battery that conducts the adjustment. The battalion FDC will not try to direct a specific
piece to adjust; however, the adjusting battery’s base piece should be the adjusting piece. When
the battalion fire order is transmitted, the last letter of the unit call sign will be used (can be
standardized). The battalion may specify the number of rounds, projectile type, lot, charge, and
fuze to use in the adjustment by the adjusting unit.
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d. BASIS FOR CORRECTIONS. This is the same as the battery-or platoon-level fire
order (can be standardized).

e. DISTRIBUTION or TARGET LOCATION. This is the FO’s target location, to
include target altitude, from the call for fire. If adjustment is necessary, the nonadjusting units
will follow the adjustment and fire for effect on the adjusted grid. In adjust-fire missions, the
battalion FDO may direct the adjusting unit to transmit the replot location and altitude to the
battalion FDC after the completion of the adjustment. The battalion FDC may choose to segment
the target, sending aimpoints to the units of the battalion, before fire for effect or direct the units
to mass on the adjusted grid by sending the adjusted or replot grid (not standardized).

NOTE: The remaining elements of the battalion fire order are similar to the battery
or platoon fire order except for standards.

f. SPECIAL INSTRUCTIONS. This element can be standardized.
g. METHOD OF FIRE FOR EFFECT. This element is not standardized.
h. PROJECTILE I/E. This element can be standardized.

i. AMMUNITION LOT AND CHARGE I/E.This element can be standardized;
however, normally the battery or platoon FDO will select it.

J. FUZE I/E. This element can be standardized.
k. TARGET NUMBER. This element is not standardized.

ELEMENT STANDARD
1 WARNING ORDER Indicated (Not Standardized)
2 UNIT TO FIRE Battalion
3 ADJUSTING ELEMENT AND/OR MOF "A"
4 BASIS FOR CORRECTIONS Fastest Method
5 DISTRIBUTION Location (Grid and Altitude)
6 SPECIAL INSTRUCTIONS WR
7 METHOD OF FIRE FOR EFFECT Always Announced
8 PROJECTILE IVE DPICM
9 AMMUNITION LOT AND CHARGE I/E Battery/Platoon FDO Selects
10 FUZE I/E Time
11 TARGET NUMBER Next Available From the Battalion Target
Block Number

Figure 5-4. Example Battalion Fire Order.
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5-7. Massing of Fires

a. Massing. What does an artilleryman mean when he uses the word massing? By
definition, it means simultaneous execution of two or more firing elements to achieve maximum
effects on a critical target. The 3 x 8 battery bringing its two platoons to bear on a single target, a
battalion massing on one point, and even a division artillery (divarty) or corps artillery
commander bringing all his battalions onto a single target are all examples of massing.
Regardless of the level of command, certain fundamental requirements must be met for two or
more units to engage targets effectively together.

(1) The first requirement for massing is that all firing units must be on a common
location and azimuth system,; that is, common survey. This includes all platoons, radars, met
stations, and observers. The survey control should extend into the target area as well.

(2) The second requirement is accurate MV information for each weapon. Manual
corrections for MVVs will occur during concurrent and subsequent met procedures and through
determining TGPCs with the MI 7 plotting board.

(3) The third requirement is valid met corrections considered by each of the firing
platoons. This includes the met message valid for the firing platoon, propellent temperature,
projectile weight, vertical interval, and corrections for earth rotation.

(4) The final requirement is accurate location. This is the reason the target-locating
assets must be on common survey with the firing units. Ensure the target location determined by
the observer is the same location plotted by the FDC.

(5) If the target is accurately located and the first three requirements are satisfied,
then you can mass without having to adjust each unit onto the target. However, if it is an
adjust-fire mission, the adjusting unit must determine the accurate target location and then
announce it to the other units. To determine the accurate target location, the adjusting FDC must
perform replot procedures discussed in Appendix D. The FDC must then announce the replot
grid. The controlling FDC is responsible for the fire order and control of the mission.

b. Control of Battalion Mass Missions.

(1) When massing the fires of more than one battery either firing for effect or
adjusting, AT MY COMMAND, TIME ON TARGET, or WHEN READY can be used. The
most effective technique is TIME ON TARGET, which achieves the greatest surprise to the
enemy.

(2) Control of FFE mass missions on stationary targets can best be affected by
using TOT techniques. Accurate time coordination is essential to ensure the simultaneous impact
of all initial rounds; lengthy countdowns are unnecessary.

(@) The TOT may be announced as a specific time (for example, TOT 0915).
The battalion would announce a time check to synchronize the units designated to fire. This is
done by using the following procedure:

e The battalion FDC will announce the time (for example, AT MY
MARK THE TIME WILL BE 0908).

® The battalion FDC will give a short countdown starting 5 seconds
before the mark (for example, 5, 4, 3, 2, 1, MARK).

e Each FDC would start its clock at MARK. From that moment, each
FDC would control its own firing.
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e Each FDC would respond to the battalion FDC with ROGER OUT if
they received a good mark.

e If a good mark was not received, the unit FDC will request a new mark
and the previous four steps will be done again.

(b) Another technique to execute a TOT is to specify the amount of time
before it is to occur (for example, TOT 5 MINUTES FROM MY MARK). Each FDC would
start its stopwatch at MARK. From that moment, each FDC would control its own firing.

(c) The preferred technique is the short countdown TOT (for example, TOT
40 SECONDS FROM MY MARK). The short countdown allows the FDO to decrease the
amount of time between receiving a call for fire and massing on the target. The FDO will
announce as part of the special instructions in his fire order SHORT COUNT TOT
FOLLOWS. This alerts the firing units that the mission is AT MY COMMAND and that they
will report READY, TOF to the battalion FDC. The battalion FDO will add 10 seconds
(reaction time) to the longest time of flight reported. If the longest TOF is 30 seconds, he will
announce TOT 40 SECONDS FROM MY MARK, 5, 4, 3, 2, 1 MARK. The firing units will
quickly subtract their TOF from the number of seconds the battalion FDO announced. The result
is the number of seconds after MARK until they command FIRE.

(3) Control of an FFE mass mission on moving targets is best achieved by using
AT MY COMMAND or WHEN READY. The time consumed during a TOT countdown may
result in the rounds missing the target.

(@) AT MY COMMAND. All units will fire at the same time. The battalion
FDO will select this technique if he is willing to accept some loss of surprise caused by varying
times of flight to get the rounds on the target quickly. This technique is particularly effective
when the unit’s times of flight as reported by each FDC are similar.

(b) WHEN READY. Unless otherwise specified, each battery will fire when
ready. This technique is used more often with adjust-fire missions (particularly those with
lengthy adjustment phases) than with fire-for-effect missions. (When surprise has been lost, the
difference in reaction times and times of flight between units is less significant.)

(4) Control of the FFE phase in an adjust-fire mass mission can be achieved by the
same means as an FFE mass mission.

(@) TIME ON TARGET. If the observer is able to enter the FFE phase with
one correction and he judges that the target has not been warned, a TIME ON TARGET
(paragraph (2) above) may be used to control time of firing in effect. If the battalion FDO
decides a TOT is unsuitable (for example, loss of time outweighs simultaneous impacting of all
initial FFE rounds), he will direct use of AT MY COMMAND or WHEN READY. It is rare,
however, that a target would not be warned during adjustment. Therefore, TOT to control time
of firing in effect after adjustment is not normally used.

(b) AT MY COMMAND. The considerations for the selection of this
technique are the same as in paragraph (3)(a) above. In addition, it is useful if the observer is
able to enter the FFE phase with a large correction.

(c) WHEN READY. In most adjust-fire mass missions, no control of time of
firing in effect will be used. Since most targets would be warned during adjustment, the battalion
FDO would allow units to fire when ready.
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c. Examples of Battalion Fire Orders. Examples of battalion fire orders are shown

below.

EXAMPLE 1

call signs are as follows:

The battalion FDC is using voice communications to pass the fire order to the platoon FDCs. The

——

HOTEL THREE EIGHT, THIS IS CHARLIE ONE NINE, ADJUST FIRE BATTALION, OVER.

GRID THREE FIVE FOUR TWO TWO THREE, OVER.

BATTALION ASSEMBLY AREA, ICM IN EFFECT OVER.

The battalion FDO decides to have 2/C adjust and 1/A, 2/A, 2/B, 1/C, and 2/C to fire for effect. The
battalion FDO decides to honor the observer's request for improved conventional munitions (ICM).
Notice the battalion FDO decided to announce those units not firing for effect. In this case, the

adjusting eiement (T38) is not foiiowed by the word anUSl if the battalion FDO wanted to eliminate
the possibility of confusion that may result from announcing a platoon call sign after the unit to fire,
the adjusting element (T38) would be followed by the word adjust.

FIRE ORDER FIRE ORDER
ELEMENT WITHOUT STANDARDS WITH STANDARDS
WARNING ORDER ___de H38, AF ___deH38,AF
UNIT TO FIRE HLESS K H LESS K
ADJUSTING ELEMENT T T
AND/OR METHOD OF FIRE
BASIS FOR FASTEST METHOD
CORRECTIONS
DISTRIBUTION GRID 354223 GRID 354223
ALT 400 ALT 400
SPECIAL INSTRUCTIONS TOT 0915 TOT 0915
METHOD OF FFE 10 ROUNDS I/E 10 ROUNDS I/E
PROJECTILE I/E ICM I/E
AMMUNITION LOT AND PLT FDO SELECT
CHARGE IE
FUZE I/E
TARGET NUMBER AB7022 AB7022
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EXAMPLE 2

are as follows:

BN FDC G6H38

A J3D38
B H5E38
C C2R38

The battalion FDO is controlling the battalion on a single, secure voice net. A replot must be
performed because of the mountainous terrain in which the battalion is now operating. The call signs

UP SIX ZERO, OVER.

The following call for fire is received by Battery B:

BATTALION BIVOUAC, iCM IN EFFECT, OVER.

ECHO THREE EIGHT, THIS IS TANGO ZERO THREE, ADJUST FIRE, POLAR, OVER.
DIRECTION THREE FOUR FIVE ZERO, DISTANCE THREE EIGHT ZERO ZERO,

The battalion FDO decides to mass the battalion with Battery B adjusting (battalion SOP indicates
that the battery FDO will decide which howitzer will adjust). The battaiion wiii fire 5 rounds, VT I/E.
After the adjustment is complete, the adjusting battery sends the replot grid to battalion. The repiot
grid and altitude are then transmitted to the remainder of the battalion.

ELEMENT FIRE ORDER FIRE ORDER

WITHOUT STANDARDS WITH STANDARDS

WARNING ORDER ADJUST FIRE ADJUST FIRE

UNIT TO FIRE BATTALION BATTALION

ADJUSTING ELEMENT BRAVO BRAVO

AND/OR METHOD OF FIRE

BASIS FOR FASTEST METHOD

CORRECTIONS

DISTRIBUTION REPLOT GRID AND REPLOT GRID AND
ALTITUDE ALTITUDE

SPECIAL INSTRUCTIONS AMC AMC

METHOD OF FFE 5 ROUNDS 5 ROUNDS

PROJECTILE I/E

AMMUNITION LOT AND BTRY FDO SELECT

CHARGE I/E

FUZE IIE VTI/E VTIilE

TARGET NUMBER AB7023 AB7023
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Section 11

Message to Observer

This section implements STANAG 2934, Chapter 5, and QSTAG 246.

After the FDC receives the call for fire, the FDO analyzes the target. If
the target is to be attacked the FDO issues the fire order as his decision on how
the target will be attacked. The observer is informed of this decision through the
message to observer.

5-8. Description
The message to observer consists of four elements and is composed by the RATELO.

a. Units to Fire. The first element is the unit(s) that will fire the mission. It is always
announced. If a battalion is firing in effect with one battery or platoon adjusting, the MTO will
designate the FFE unit (battalion) and the adjusting unit (battery or platoon). The units to fire are
identified by their radio call signs, using long call signs, short call signs, or the first letter of the
short call sign. Some examples are listed below.

EXAMPLES

The mission is an adjust-fire mission with the battalion firing for effect. The battalion FDC call sign is
G6H38. Battery B, 1st Platoon FDC call sign is H5K38. Battery B, 1st Platoon will adjust, and the
battalion will fire for effect. The RATELO would announce MTO HK.

NOTE: The RATELO would use the phonetic alphabet to announce units to fire. For example, the
announcement in the paragraph above would be given as MIKE, TANGO, OSCAR HOTEL, KILO.

The mission is a battalion FFE mission. The battalion FDC call sign is G6H38. The RATELO would
announce H.

In autonomous operations, Battery B, 1st Platoon receives a call for fire for an adjust-fire mission.
The RATELO would announce K.

b. Changes or Additions to the Call for Fire. The second element of the MTO allows
the FDC to inform the observer of changes and/or additions made by the FDO to the call for fire.
If high-angle fire is to be used, HIGH ANGLE must be included in the MTO if the observer did
not request it. The following examples use the previously stated call signs.

EXAMPLES

The observer requests VT in effect, and the FDO decides to fire fuze time in effect. The RATELO
for battalion would announce MTO H, K, TIME IN EFFECT. For the battery or platoon, it would be
announced as MTO, K, TIME IN EFFECT.

The observer requests time in effect, and the FDO decides to fire high-angle using fuze VT in effect.
The RATELO for battalion would announce MTO H, K, HA, VT IN EFFECT. For the battery or
platoon, it would be announced as MTO, K, HA, VT IN EFFECT.

¢. Number of Rounds. The third element is the number of volleys in fire for effect.
The number of rounds to be fired in effect is always announced. The following example uses the
previously stated call signs and change to the call for fire.
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EXAMPLE

The battalion FDO decides to fire three rounds in effect. The RATELO would announce MTO, H, K,
TIME IN EFFECT, 3 ROUNDS. For the battery or platoon, it would be announced as MTO, K,
TIME IN EFFECT, 3 ROUNDS.

d. Target Number. The last element is the target number assigned to the mission for
reference purposes, it is always announced. This is done to avoid confusion if multiple missions
are being fired or if more than one observer is operating on the radio net. Target numbers are
used in sequential order based on the units target block. The following example uses the
previously stated call signs, change(s) to the call for fire, and number of rounds.

EXAMPLE

The next available target number for the battalion FDC is AA7000. The RATELO would announce,
MTO, H, K, TIME IN EFFECT, 3 ROUNDS, TARGET NUMBER AA7000. The next available target
number for the battery or platoon is AA7300. The RATELO would announce MTO, K, TIME IN
EFFECT, 3 ROUNDS, TARGET NUMBER AA7300.

5-9. Additional Information

The following additional information may be announced with or after the message to
observer.

a. Probable Error in Range. If the probable error in range for an area fire mission is
equal to or greater than 38 meters, the FDC will inform the observer. For precision fire, the FDC
will inform the observer if the probable error in range is equal to or greater than 25 meters. The
actual value is not announced. For example, the RATELO would announce PROBABLE
ERROR IN RANGE GREATER THAN 38 METERS.

b. Angle T. Angle T is sent to the observer when it is equal to or greater than 500 mils
or if the observer requests it. It is announced to the nearest 100 mils. For example, if angle T is
580 mils, it is expressed and announced as ANGLE T 600.

¢. Pulse Repetition Frequency Code. The pulse repetition frequency (PRF) code for a
Copperhead mission is transmitted in voice operations; for example, the RATELO will announce
PRF CODE 241. The range and direction of approach (left or right of the observer-target line)
are needed to orient the footprint.

d. Time of Flight. Time of flight (TOF) is announced to the nearest whole second. It is
announced to observers when targets are engaged with Copperhead, when moving targets are
engaged, when conducting high-angle missions, when using an aerial observer, or when requested by
the observer. For example, the RATELO would announce TIME OF FLIGHT 34 SECONDS.

e. Splash. Splash informs the observer that the round(s) fired will impact in 5 seconds.
It must be sent to aerial observers and during high-angle fire missions. It can also be sent at the
observer’s request.

f. Shot and Rounds Complete. SHOT is announced to the observer to report when a round
has been fired. Rounds complete is announced to the observer when all rounds for a particular mission
have been fired. During an adjust-fire mission SHOT is announced after each round. Once the FFE
phase is initiated, SHOT is announced only on the initial round. Once all rounds have been fired,
rounds complete is announced to the observer. For an FFE mission, SHOT is announced only on the
initial round; once all rounds have been fired, rounds complete is announced to the observer.
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Section 111
Fire Commands

Fire commands are used by the FDC to give the howitzer sections all the
information needed to conduct a fire mission. Initial fire command include all
elements needed for orienting, loading, and firing the howitzer. Subsequent fire
commands include only those elements that have changed from the previous
command(s), except quadrant elevation. Quadrant elevation is announced in every set
of fire commands and allows the howitzer section to fire if in a WR status.

5-10. Fire Command Elements

a. The elements of fire commands are always announced in the same sequence (Table
5-2). This saves time and eliminates confusion; each member of the howitzer section knows the
sequence and should be ready for the next command.

b. Certain elements of the fire commands may be standardized. Once the standards are
established and announced to the howitzer sections, the standard (std) elements will not be announced.
Quadrant elevation may never be standardized. It is announced in-each set of fire commands.

Table 5-2. Fire Command Sequence.

ELEMENT WHEN ANNOUNCED WHEN ANNOUNCED
Commands Initial Fire Commands Subsequent Fire Commands
1 | WARNING ORDER Always Never
2 | PIECES TO FOLLOW When applicable When changed
PIECES TO FIRE' When other than std When changed
METHOD OF FIRE’ When other than std When changed
3 | SPECIAL When applicable When changed
INSTRUCTIONS
® DO NOTLOAD
® AMC (BPAMC,
BRAMC, BPBRAMC)
® HIGH ANGLE
® USE GUNNER'’S
QUADRANT
® AZIMUTH
® SPECIAL
CORRECTIONS
® SWEEP AND/OR
ZONE FIRE
4 | PROJECTILE' When other than std When changed
5 | AMMUNITION LOT' When other than std When changed
6 | CHARGE Always When changed
7 | FUze' When other than std When changed
8 | FUZE SETTING When applicable When changed
9 | DEFLECTION Always When changed
10 | QUADRANT Always Always
11 | METHOD OF FFE When applicable | When changed
These elements may be standardized. Elements that are standardized will be announced only
when something other than standard is to be fired.
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5-11. Battery or Platoon Fire Commands

The procedures and sequence for announcing fire commands are in Table 5-3; all other
fire commands are in Table 5-4.

Table 5-3. Battery or Platoon Fire Commands.

STEP ACTION

1 WARNING ORDER. This element is always announced to alert the firing unit to the
mission. The warning order "FIRE MISSION" is announced. The warning order is not
announced in subsequent commands.

2 PIECES TO FOLLOW, PIECES TO FIRE, AND METHOD OF FIRE. This element
designates the weapon(s) that will follow the mission, the weapon(s) that will fire initially,
and with how many rounds they will engage the target.

PIECES TO FOLLOW tells the howitzers who will follow the mission for an adjust-fire
mission. The command BATTERY or PLATOON ADJUST indicates that the mission
will be an adjust-fire mission and that all weapons will copy the commands, follow the
mission, and participate in the FFE phase. Any weapon or number of weapons may
be announced in this element; for example, FIRE MISSION, PLATOON ADJUST or
FIRE MISSION, NUMBER 1 AND NUMBER 3 ADJUST. If the mission is an FFE
mission, PIECES TO FOLLOW is not announced.

PIECES TO FIRE indicates which weapon(s) will fire the data announced in the initial
fire commands. For example, FIRE MISSION, PLATOON ADJUST, NUMBER 3
indicates that during an adjust-fire mission, Number 3 will fire the adjustment.

METHOD OF FIRE tells the firing piece(s) how many rounds to fire. For example,
FIRE MISSION, PLATOON ADJUST, NUMBER 3, 1 ROUND indicates that during
an adjust-fire mission, Number 3 will fire one round with the data announced in the
fire commands. PLATOON 1 ROUND indicates an FFE mission with all weapons
firing one round with the data announced in the initial fire commands.

3 SPECIAL INSTRUCTIONS. This element is used when actions that are different from
normal are required. The FDC must announce the words SPECIAL INSTRUCTIONS
followed by the special instruction. When more than one special instruction applies,
restrictive commands should be announced first.

DO NOT LOAD is a restrictive fire command that prohibits loading and firing of the
howitzer. The howitzer section may prepare the projectile, charge, and fuze; lay the
howitzer for deflection; and set the quadrant elevation (or loading elevation). For
example, the command from the FDC would be FIRE MISSION, PLATOON 1
ROUND, SPECIAL INSTRUCTIONS DO NOT LOAD"

To fire the round(s), the FDC would command CANCEL DO NOT LOAD,
QUADRANT (so much). This command allows the guns to load and fire the
round(s) as long as no other restrictions have been imposed. The target number
may be used in place of the command QUADRANT to allow loading and firing of
preplanned targets and scheduled fires. For example, the FDC would command
CANCEL DO NOT LOAD, FIRE TARGET BLUE.

AT MY COMMAND (or BY PIECE [BY ROUND] AT MY COMMAND) are restrictive
commands that prohibit the howitzer(s) from firing until directed to do so by the FDC.

An example of the command AT MY COMMAND from the FDC would be FIRE
MISSION, PLATOON 3 ROUNDS, SPECIAL INSTRUCTIONS AT MY
COMMAND. To have the howitzers fire the rounds, the FDC could use one of
the following methods.

The FDC could announce PLATOON STANDBY, FIRE. This would allow
the howitzer sections to fire the first volley; the remaining volleys would then
be fired at the howitzer section chief's command.
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Table 5-3. Battery or Platoon Fire Commands (Continued).
STEP ACTION

Another method the FDC could use is to announce CANCEL AT MY
COMMAND, QUADRANT (so much). This would allow the howitzer
sections to fire the first volley; the remaining volleys would then be fired at
the howitzer section chiefs command.

An example of the command BY PIECE AT MY COMMAND from the FDC
would be FIRE MISSION, PLATOON 3 ROUNDS, SPECIAL INSTRUCTIONS
BY PIECE AT MY COMMAND. This would direct the howitzers that all rounds
specified would be fired by howitzer at the FDC’s command.

An example of the command BY ROUND AT MY COMMAND from the FDC
would be, FIRE MISSION, PLATOON 3 ROUNDS, SPECIAL INSTRUCTIONS
BY ROUND AT MY COMMAND. This would direct the howitzers that each
volley would be fired at the FDC's command.

The command BY PIECE, BY ROUND, AT MY COMMAND combines the
control of both commands explained above.

NOTES: AT MY COMMAND remains in effect until the FDC commands
CANCEL AT MY COMMAND (or BY PIECE or BY ROUND AT MY
COMMAND). AT MY COMMAND may be canceled at any time. [f the FDC has
announced QUADRANT, the command would be CANCEL AT MY COMMAND,
QUADRANT (so much).

The Copperhead target of opportunity missions are AT MY COMMAND
missions.

HIGH ANGLE is announced to alert the howitzers that the mission to be fired is at an
angle of elevation approximately 800 mils or greater. Light artillery weapons can be
elevated before loading. Medium and heavy artillery weapons must be loaded at the
specified loading elevation for their particular weapon system. An example of the
command HIGH ANGLE from the FDC would be FIRE MISSION, PLATOON 3
ROUNDS, SPECIAL INSTRUCTIONS HIGH ANGLE.

USE GUNNER’S QUADRANT is announced when the FDC wants the gunner's
quadrant used to set or check quadrant elevation. It is most commonly used during
the firing of a registration, destruction mission, or danger close mission. An example
of the command USE GUNNER’S QUADRANT from the FDC would be, FIRE
MISSION, PLATOON 3 ROUNDS, SPECIAL INSTRUCTIONS USE GUNNER'’S
QUADRANT.

AZIMUTH is announced to alert the howitzers to a large shift in the direction of fire.
The command AZIMUTH is followed by the azimuth in mils. An example of the
command AZIMUTH from the FDC would be FIRE MISSION, PLATOON 3
ROUNDS, SPECIAL INSTRUCTIONS AZIMUTH (so many mils).

SPECIAL CORRECTIONS is announced to alert the howitzers that an individual
fuze setting, deflection, and/or quadrant will be announced for each howitzer section.

The words SPECIAL CORRECTION(s) should precede any special corrections
that apply in the fire commands. This command prevents misunderstanding and
unnecessary repetition of missed special corrections. If SPECIAL
CORRECTIONS is announced alone, it alerts the sections that separate firing
data will be sent to one or more sections. Unit SOP and degree of training
dictate how this should be implemented.

SPECIAL CORRECTION, NUMBER (so-and-so), LEFT or RIGHT (so many
mils) may be announced. These corrections are applied by the specified piece
to the announced deflection and remain in effect untii changed (within a fire
mission) or until the command END OF MISSION is given. This command may
be announced administratively, apart from fire commands, or it may be
announced in the special instructions element of a fire command. These
corrections are in addition to any corrections currently on the gunner’s aid.
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STEP

Table 5-3. Battery or Platoon Fire Commands (Continued).
ACTION

SPECIAL CORRECTION, ON NUMBER (so-and-so), OPEN or CLOSE (so
many mils) may be announced. Each howitzer (other than the howitzer
specified) applies a correction to the announced deflection on the gunner’s aid.
Each section chief determines his correction by multiplying the number of mils
announced by the number of howitzers his howitzer is removed from the one
announced. For example, the command SPECIAL CORRECTION, ON
NUMBER 3, CLOSE 4 MILS is given. Number 3 applies no correction. Number
1 applies left 8 mils. Number 2 applies left 4 mils. Number 4 applies right 4 mils.
All howitzers will fire the announced deflection after applying their corrections to
the gunner’s aid. These corrections are applied to any correction already on the
gunner's aid and remain in effect until changed (within a fire mission) or unti the
command END OF MISSION is given.

SPECIAL CORRECTIONS, LEFT, CENTER, or RIGHT SECTOR is announced
when terrain gun position corrections for other than the primary sector are being
used. If TGPCs are computed, the corrections for the primary sector are set on
the gunners aid of all weapons. These corrections are announced
administratively and recorded on the gunner's reference card. To change
sectors, the FDC commands SPECIAL CORRECTIONS, LEFT, CENTER or
RIGHT SECTOR.

CANCEL TERRAIN GUN POSITION CORRECTIONS indicates that all howitzer
sections are to set their gunner’s aid counters to zero. At the end of the mission,
the TGPCs that were in effect before the mission (usually the primary sector) will
be reapplied unless the FDC instructs otherwise.

SWEEP (so many) MILS, (so many) DEFLECTIONS is used when the standard
sheaf does not adequately cover the target and more width is required. Sweep fire
provides for firing several deflections with one quadrant. For example, the FDC
would command SWEEP 10 MILS, 5 DEFLECTIONS. The howitzer section chiefs
compute the required deflections and, after firing the initial deflection, fire the
remaining deflections in any order or as directed by unit SOP.

ZONE (so many) MILS, (so many) QUADRANTS is used when the standard sheaf
does not adequately cover the target and more depth is required. Zone fire provides
for firing one deflection with several quadrants. For example, the FDC would
command ZONE 8§ MILS, 3 QUADRANTS. The howitzer section chiefs compute the
required quadrants and, after firing the initial quadrant, fire the remaining quadrants
in any order or as directed by unit SOP.

SWEEP (so many) MILS, (so many) DEFLECTIONS; ZONE (so many) MILS, (so
many) QUADRANTS is used when combining sweep fire and zone fire. Sweep and
zone fire provides for firing several deflections and quadrants. The howitzer sections
fire all combinations of computed deflections and quadrants in any order or as
directed by unit SOP.

PROJECTILE. This element designates the type of projectile to be used in the fire
mission. The projectile must be announced when it differs from standard.

AMMUNITION LOT. This element designates the projectile and propellant to be used
in the fire mission. Ammunition lot numbers should be coded with alphabetic characters
for simplicity. Separate-loading ammunition (156 mm and 203 mm) requires two
designators--the first letter for the projectile and the second letter for the propellant.
Semifixed ammunition has only a one-letter designator. Lot designators are established
as directed by unit SOP. The lot designators must be announced if they differ from
standard.

5-20

CHARGE. This element indicates the amount of propeliant to be used in the fire
mission. It also grants permission for the howitzer crew to cut the propellant. Charge is
never standardized.




FM 6-40

Table 5-3. Battery or Platoon Fire Commands (Continued).
STEP ACTION

7 FUZE. This element designates the type of fuze to be used in the fire mission. [f fuze
quick is to be fired in the delay mode, the FDC would announce FUZE DELAY. Fuze s
only announced if it differs from standard. In subsequent fire commands, it is only
announced when a change in type is desired.

(™Y —~l
FUZE SETTING. This element designates the fuze setting for a mechanical
ore

I Vi
mechanical time super quick (MTSQ), or proximity (VT) fuze. F xample, the FDC
would announce FUZE TIME, TIME 17.6 or FUZE VT, TIME 17.0.

NOTE: If shell DPICM is to be fired in the self-registration (SR) mode, fuze setting
black triangle 98.0 must be announced. For example, the FDC would announce SHELL
DPICM-SR, LOT FG, CHARGE 4, FUZE TIME, TIME BLACK TRIANGLE 98.0.

<o

9 DEFLECTION. This element tells the howitzer sections what direction (left or right) to
traverse the tube. Deﬂectlon |s always announced as four dlgits for example, the FDC

s i m  PARTETE PCANTIAAAL AAAAL  f o e o AL AL Al

would announce DEFLECTION 3321 \announceu as three three two OHE) or

DEFLECTION 3300 (announced as three three hundred).

10 QUADRANT ELEVATION. This element gives the howitzer section chief permission to
load and fire the round unless otherwise restricted by special instructions or unsafe
conditions. Quadrant elevation is announced in the same manner as the deflection.
For example, the FDC would announce QUADRANT 421 (announced as four two one)
or QUADRANT 500 (announced as five hundred).

11 METHOD OF FIRE FOR EFFECT. This element indicates the number of rounds and
type of ammunition (sheii, iot, fuze, {if required]) to be used in the FFE phase of an
adjust-fire mission. It allows the howitzer crews following the mission to prepare the
ammunition for the FFE phase. It is announced in the initial fire commands after
gquadrant elevation. For example, the FDC would announce 2 ROUNDS, VT IN

EFFECT.
Table 5-4. Other Fire Commands.
STEP ACTION
1 SPECIAL METHODS OF FIRE include those listed below.

CONTINUOUS FIRE is announced when it is desired that the howitzer crews
continue to fire within the prescribed rates of fire for their howitzers and will do so
until the command CHECK FIRING or CEASE LOADING is announced.

FIRE AT WILL is used in a direct-fire role, primarily for perimeter defense. The
command is TARGET (so-and-so), FIRE AT WILL. Howitzer sections fire under the
control of their section chief.

2 CHECK FIRING. The command CHECK FIRING may be announced by anyone, but it

should be used only in emergencies or if a safety violation is noted. Al firing ceases

immediately. The command may be announced by voice and/or given by hand signals
all at the same time. Immediate action must be taken to determine the nature of the

i ¢ th it mdi
check firing and to correct the situation.

NOTE: To give the hand signals, raise your hand in front of your forehead, palm to the
front, and swing your hand and forearm up and down several times in front of your face.
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Table 5-4. Other Fire Commands (Continued).
ACTION

CANCEL CHECK FIRING. The command CANCEL CHECK FIRING will be
announced once the situation requiring check firing has been corrected. The command
will be given by the FDC. Once the check firing imposed during a fire mission is
canceled, all firing data not announced will be announced. At a minimum, the quadrant
elevation will be announced again. For example, the FDC would announce CANCEL
CHECK FIRING, QUADRANT 422.

CEASE LOADING. The command CEASE LOADING allows the howitzer sections to
fire rounds that have already been loaded but not to load any additional rounds.

END OF MISSION. The command END OF MISSION (EOM) means that the fire
mission has been terminated. The howitzer sections should return to the azimuth of lay
or priority target data.

PLANNED OR PRIORITY TARGETS. The battery or platoon may be assigned
planned or priority targets for which current firing data must be maintained. Each target
is assigned a number or name, and the howitzer sections lay on their assigned planned
or priority target. In such cases, unit SOP usually designates a command or a
prearranged signal to fire on the planned or priority target, bypassing the usual
sequence of fire commands.

Either example may be used:

Target AC7343 is designated as a planned target by the battalion FDC. Firing data
were computed and transmitted to Howitzers Number 1 and 2 (in a four-howitzer
platoon, they would be the right platoon). On the command SUPPRESS AC7343, the
right platoon engages Target AC7343 with the previously arranged method of fire.

Target AC7424 is designated as a priority target by the battalion FDC. Firing data were
computed and transmitted to all the howitzers. The FDC code named target AC7424
TARGET BLUE. On the command FIRE TARGET BLUE, the howitzers engage Target
AC7424 with the previously arranged method of fire.

In defensive operations, the command FIRE THE FPF would cause the howitzer
sections to fire the FPF on which their howitzers were laid.

5-22

REPETITION AND CORRECTION OF FIRE COMMANDS.

One section (normally the base piece) should be designated to read back all fire
commands (each howitzer section will read back their own special corrections) to
ensure that the howitzer sections have received the commands correctly. When a
command has not been heard or has been misunderstood, the request for repetition
is stated as a question by the howitzer section. When the FDC replies, the repetition
of a command is always preceded by the number of the howitzer and the statement
THE COMMAND WAS. For example, the howitzer section would announce
DEFLECTION NUMBER 2?7, and the FDC would reply with NUMBER 2, THE
COMMAND WAS DEFLECTION 2768.

If an incorrect fire command has been given but the command QUADRANT has not
been announced, the FDC commands CORRECTION followed by the correct fire
command and all subsequent elements. If QUADRANT has been announced, the
FDC commands CHECK FIRING and then announces CANCEL CHECK FIRING
followed by the corrected command and all subsequent elements.
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Table 5-4. Other Fire Commands (Continued).

STEP ACTION

8 FIRING REPORTS. The section chief reports to the FDC all actions that affect the firing
of his weapon in support of the unit's mission. During firing, the following specific

reports are made:

When the special instruction DO NOT LOAD has been commanded by the FDC, the
howitzer sections will report by voice LAID, NUMBER (so-and-so). This report is
sent when the projectile, charge, and fuze have been prepared; the howitzer has
been laid for deflection; and the quadrant (or loading elevation) has been set.

When the special instruction AT MY COMMAND or BY PIECE or BY ROUND AT
MY COMMAND has been commanded by the FDC, the section chief reports

READY, NUMBER (so-and-so). This report is sent when the howitzer is ready to

fire (in compllance with the fire commands).

SHOT NUMBER (so-and-so) is reported after each round has been fired. If,
however, the method of fire is more than one round, SHOT is announced only after
the initial round.

ROUNDS COMPLETE NUMBER (so-and-so) is announced when the final round
designated in the method of fire has been fired. If, however, only one round is to be
fired, ROUNDS COMPLETE will not be reported after SHOT.

MISFIRE NUMBER (so-and-s0) is announced when a misfire has occurred. The

howitzer section will inform the FDC as to what caused the misfire.

AMMUNITION REPORTS. The number of projectiles, propellants, and fuzes
expended, received, or transferred to another howitzer by type and lot number is
reported when requested by the FDC.

INCORRECT OR UNSAFE DATA FIRED. The chief of the howitzer section

N N Shw S § WINPT RS B WAL TN WY I DWW

to the FDC the actual data fired in error, for example, NUMBER 2 I?IIQEI;
DEFLECTION (so much).

rann
s

5-12. Examples of Fire Commands

a. Following is an example of an adjust-fire mission without fire command standards
applied for a four-howitzer platoon.

EXAMPLE

FIRE MISSION, PLATOON ADJUST, NUMBER 3, 1 ROUND, SHELL HE, LOT AG, CHARGE 4,
FUZE QUICK, DEFLECTION 3024, QUADRANT 247, 2 ROUNDS IN EFFECT.

Number 3 is announced as the adjusting weapon. It fires one round (shell HE, lot AG, fuze quick)
with the announced charge and at the announced deflection and quadrant. Nonadjusting pieces
prepare two rounds of HE with fuze quick and follow the mission.

The first subsequent fire command is as follows: DEFLECTION 2978, QUADRANT 218. Number 3
fires one round (shell HE, lot AG, charge 4, fuze quick) at the new deflection and quadrant.

The second subsequent fire command is as follows: PLATOON 2 ROUNDS, DEFLECTION 2950,
QUADRANT 210. The entire platoon fires two rounds at the announced deflection and quadrant.
END OF MISSION is announced as appropriate, and ammunition expended is updated.
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b. Following is an example of an FFE mission without fire command standards applied.

EXAMPLE

FIRE MISSION, NUMBER 3 AND NUMBER 4, 3 ROUNDS, SHELL WP, LOT WW, CHARGE 7,
FUZE QUICK, DEFLECTION 2870, QUADRANT 320.

Number 3 and Number 4 each fire three rounds as commanded. END OF MISSION is announced
as appropriate, and ammunition expended is updated.

5-13. Standardizing Elements of the Fire Commands.

Certain elements of the fire commands may be standardized after the tactical situation,
weapon and personnel capabilities, ammunition status, and enemy counterfire threat have been
considered. As shown in Table 5-2, the following elements of the fire commands may be
designated as standard: pieces to fire, method of fire, projectile, ammunition lot, and fuze. Only
one set of standards can be in effect at any particular time. Once standards are placed in effect,
the unit will fire the standard data unless the fire commands specify something different.

EXAMPLE

The FDO or platoon leader considers the tactical situation and the other factors mentioned above
and determines that the fire command elements designated to be standard are as follows:

® Projectile: HE.

® Ammunition lot: AG.

® Fuze: Quick.

m obom il ol Ar ammbianme that if nAt &nh\d i

These standards tell the howitzer sections that if n
and fuze will be shell HE, lot AG, and fuze quick.
Adjust-Fire Mission With Fire Command Standards Applied
Elements designated as standard in this example are shell HE, lot AG, and fuze quick.
FIRE MISSION, PLATOON ADJUST, NUMBER 3, 1 ROUND, CHARGE 5, DEFLECTION
2938, QUADRANT 200, 2 ROUNDS WP, LOT WG, TI IN EFFECT.

Number 3 fires one round (shell HE, lot AG, fuze quick) with the announced charge and at the
announced deflection and quadrant. Nonadjusting pieces prepare two rounds of white
phosphorus and follow the mission. Adjustment continues.

When fire for effect is entered, the commands are as follows:

PLATOON 2 ROUNDS, SHELL WP, LOT WG, FUZE TIME, TIME 25.2, DEFLECTION 3008,
QUADRANT 225.

All howitzers fire two rounds of shell WP with the announced time and at the announced
deflection and quadrant. END OF MISSION is announced as appropriate.
FFE Mission With Fire Command Standards Applied
Elements designated as standard in this example are shell HE, lot AG, and fuze quick.
FIRE MISSION, PLATOON 3 ROUNDS, CHARGE 4, DEFLECTION 3111, QUADRANT 400.

Each howitzer fires three rounds (shell HE, lot AG, fuze quick) with the announced charge and
at the announced deflection and quadrant. END OF MISSION is announced as appropriate.
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Chapter 6
FIRING CHARTS

One of the elements to the solution of the gunnery problem is the determination of chart
data. Chart data consist of chart range, chart deflection, and angle T. The determination of
chart data requires the construction and operation of firing chart.

Section |
Types of Firing Charts

This section implements a portion of QSTAG 224.

Two types of firing charts may be constructed in the FDC. They are surveyed
firing charts and observed firing charts. Regardless of the type constructed two firing
charts are maintained in a manual FDC. The horizontal control operator (HCO)
maintains the primary firing chart, and the vertical control operator (VCO) maintains
a backup, or check, chart and a 1:50,000-scale situation map with tactical overlay(s).

6-1. Description

A firing chart is a graphic representation of a portion of the earth’s surface used for
determining distance and direction. The chart may be constructed by using a map, a photomap, a
grid sheet, or other material on which the relative locations of batteries, known points, targets,
and observers can be plotted. Additional positions, fire support coordinating measures, and other
data needed for the safe and accurate conduct of fire may also be recorded.

6-2. Firing Chart Construction
The most commonly used materials for constructing firing charts are as follows:

a. Grid Sheet. A grid sheet is a plain sheet of paper or plastic (mylar) on which equally
spaced horizontal and vertical lines, called grid lines, are printed. The intervals between these
grid lines will create 1,000-meter grid squares on a scale of 1:25,000. This scale provides the
best compromise between accuracy and convenience and is therefore the scale for which standard
plotting equipment is graduated. The locations of all points plotted on the grid sheet must be
determined either by survey data, map inspection, or firing. The grid sheet is numbered to
correspond to the map area of the zone of operation of the supported force. The FDO assigns the
lower left-hand corner casting and northing coordinates, and the direction of the long axis
(east-west or north-south) also is specified. The rightmost and topmost grid lines are not labeled
because data are not determined from these grid lines.

b. Map. A map is a graphic representation, drawn to scale, of a portion of the earth’s
surface.  Only maps based on accurate ground survey should be used for constructing firing
charts. If the map scale is other than 1:25,000, the range readings obtained from plotting
equipment must be adjusted. For example, if a 1:50,000-scale map is used, the ranges
determined with the RDP must be doubled. Deflections and azimuths are not affected. If a map
is not based on accurate and adequate ground survey control, it should be used only to obtain
approximate locations and vertical control to supplement a grid sheet firing chart.
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¢. Photomap. A photomap is a reproduction of an aerial photograph or a mosaic of
aerial photographs on which grid lines, marginal information, and place names are superimposed.
A photomap must not be considered exact until its accuracy has been verified. Photomaps may
include errors caused by tilt, distortion caused by relief, and errors caused by poor assembly, If
points cannot be located on the photomap by inspection, the photomap scale must be determined
before points can be located on the photomap survey. Normally, vertical control can be
established by estimation only. Determination of the scale of vertical control of photographs is
discussed in FM 21-26. Some photomaps have spot altitudes, but interpolation for altitude is

difficult and inaccurate.

Section 11
Plotting Equipment and Firing Chart Preparation

To ensure the accuracy of the data shown on the firing chart, FDC personnel
should construct and plot from a standing position directly above the chart. Plotting
pins must be kept perpendicular to the firing chart. Personnel, equipment and the
firing chart should be kept as clean as possible at all times. If two charts are present
in the FDC, they must be checked against each other for accuracy. If one chart is a
backup for another system, it should be verified against that system for accuracy.
(Refer to Appendix E for automated FDC procedures.)

6-3. Pencils

a. 6H Pencil. The 6H (hard lead) pencil is sharpened to a wedge point and is used to
draw fine index lines from which measurements are made. If a 6H pencil is not available, a 5H
pencil is an acceptable substitute. (See Figure 6-1.) Place a 1-inch piece of tape on the end to
differentiate between a 4H pencil.

b. 4H Pencil. The 4H pencil is sharpened to a conical point and is used to label and
construct tick marks and to label azimuth and deflection indexes. If a 4H pencil is not available,
a 3H pencil is an acceptable substitute. (See Figure 6-2.)

‘:‘.] eINnE
W SivE

Figure 6-1. The 6H Pencil (Wedge Point). Figure 6-2. The 4H Pencil (Conical Point).
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¢. Red and Blue Pencil. The red and blue pencil is sharpened to a conical point and is
used to label and construct tick marks and label deflection indexes, as required by the color code.

(See Figure 6-2.)

d. Orange Pencil. The orange pencil is sharpened to a conical point and is used to label
tick marks and deflection indexes, as required by the color code. (See Figure 6-2.)

e. Green Pencil. The green pencil is sharpened to a conical point and is used to label
tick marks for radars, as required by the color code. (See Figure 6-2.)

6-4. Plotting Pins

Plotting pins are used to mark indexes and temporary positions on the firing chart. On a
1:25,000-scale chart, the thickness of the plotting pin shaft equals 20 meters.

6-5. Plotting Scale

The plotting scale is a square-shaped scale used to plot or determine grid coordinates.
The scale is graduated in meters and yards at scales of 1:25,000 and 1:50,000. Using the
four-step plotting method, locations are normally plotted to an accuracy of 10 meters with the
plotting scale. Personnel must be careful not to confuse the meter and yard scales on this
instrument (newer plotting scales only have meter scales on them). (See Figure 6-3.) If there is a
yard scale, tape over it so this scale is not accidentally used.

NOTE: Ten-digit grid coordinates are expressed to an 8-digit grid coordinate
when plotting because of the limitations of the plotting scale.
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Figure 6-3. Plotting Scale.
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Figure 6-4.

Range-Deflection Protractor.
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6-6. Range-Deflection Protractor

The RDP is used to measure angles in mils and distances in meters. Range and deflection
are measured from a firing unit to a target. Direction and distance are measured from an observer
to a target. (See Figure 6-4.)

a. The left edge of the instrument is the arm and is used to measure range or distance. It
is graduated in 50-meter increments and labeled every 500 meters on a scale of 1:25,000. Ranges
and distances are visually interpolated to an accuracy of 10 meters. The arm can be labeled to
represent charge or range spans and other pertinent data to aid the FDO.

b. The 1,000-mil arc of the RDP is graduated in 5-mil increments. The 50-mil
increments are indicated by longer graduations and are permanently numbered. The are is
visually interpolated to an accuracy of 1 mil.

c. The vertex, the slotted portion of the RDP, is placed against a plotting pinto properly
position the RDP for determining data.

d. There are four different RDP models. They differ by the maximum range of the arm
(12,000, 15,000,25,000, and 30,000 meters).

e. RDPs are also available on a 1:50,000 scale.

NOTE: When labeling the RDP, label azimuth values in blue and deflection
values in red.
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6-7. Target Grid

The target grid is a circular paper device on which grid lines are printed. Normally, the
target grid used is DA Form 4176 (Target Plotting Grid, Field Artillery). Grid lines on the target
grid match the scale of the 1:25,000 firing chart, dividing a 1,000-meter grid square into
100-meter squares. An azimuth scale is printed around the outer edge of the target grid. It is
graduated in 10-mil increments and is numbered every 100 mils. An arrow extends across the
center of the target grid and is used to indicate the observer-target line (or other line of known
direction). The target grid should be labeled as shown in Figure 6-5. (The L and - are written
in blue pencil; the R and +, in red.) Transparent tape should be applied to the reverse side of
the target grid to prevent the center hole from becoming enlarged. The target grid is used for
three distinct operations:

@ Plotting the position of targets located by a shift from a known point.
@ Plotting observer subsequent corrections.
e Determing angle T.
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Figure 6-5. Labeling the Target Grid.
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Section 111
Surveyed Firing Chart

A surveyed firing chart is a chart on which the location of all required points
(battery or platoon positions, known points, and OPs) are plotted. These locations
can be based on survey or map inspection. All plotted points are in correct relations
to one another and reflect actual map coordinates.

6-8. Selection of Lower Left-Hand Corner and Azimuth of Lay

For the chart operator to construct a firing chart correctly, he needs to be provided
guidance on what coordinates to assign to the lower left-hand comer (LLHC) of the grid sheet
and the azimuth of lay. The FDO is responsible for providing this information. The azimuth of
lay can be determined on the basis of the zone of operations or the guidance from the battery
commander or higher HQ. After the azimuth of lay is determined, the LLHC coordinates need to
be carefully selected. The selected LLHC coordinates should include all critical points on the
firing chart and allow full use of the RDP. The steps in Table 6-1 will help to serve as a guide in
determining the LLHC and azimuth of lay.

Table 6-1. Selection of LLHC and Azimuth of Lay.

STEP ACTION
1 Plot the unit location on the map.
2 Plot the center of the zone of operations. This can be done by visual inspection of the
map.
3 Determine the azimuth from the unit location to the center of the zone of operations.

This can be done by using a protractor or other instrument. For ease of mathematical
computations, the determined value can be expressed to the nearest 100 mils.

4 Before selecting the LLHC coordinates, approximate the unit location on the grid sheet
in the general area of the firing chart where it will be located. The FDO or chief
computer should verify that the RDP can be used effectively from this location. The
LLHC coordinates are selected so that all critical points in the zone of operations can
be plotted.

5 Once the values are determined, give them to the HCO or VCO so they can begin to
construct the firing charts.

NOTE: If the chart table is not permanently affixed in the FDC, the FDO will also need
to provide guidance on the orientation of the long axis of the firing chart. The long axis
of the firing chart should be oriented to allow for maximum coverage of the zone of
operations. If the general direction to the zone of operations is east or west, the long
axis should be oriented east-west. If the general direction to the zone of operations is
north-south, the long axis should be oriented north-south.
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6-9. Firing Chart Preparation

The steps in Table 6-2 are the recommended sequence for the preparation of a firing chart.

Table 6-2. Firing Chart Preparation.

STEP

ACTION

Choose a suitable smooth surface on which the firing chart will be constructed, and
place the grid sheet on this surface.

Tape one corner of the grid sheet down. Be sure that the tape does not cover any grid
lines.

Smooth out the grid sheet, and tape down the comner opposite of the first comer that
was taped down.

Repeat steps 2 and 3 for the remaining two corners.

NOTE: The grid sheet is numbered to correspond to the map area of the zone of
operations in which the unit will be operating. The FDO will inform the chart operators
of the coordinates of the lower left-hand corner of the firing chart. The first two digits
represent the easting; the second two digits represent the northing. The FDO will also
inform the chart operators if the long axis of the firing chart should be oriented
north-south or east-west.

——~y

Orient the iong axis of the firing chart north-south or east-west according to the FDO'’s
guidance. (Disregard this step if using a permanently mounted chart table.)

Using a 4H pencil, label the leftmost vertical grid line with the easting of the LLHC as
specified by the FDO. The numbers should be beneath and divided by the vertical grid
line but will not touch them. Number the remaining vertical grid lines so that the value
increases from left to rightt The last vertical grid line is not labeled because
measurements will not be made from it. (See Figure 6-6.)

Using a 4H pencil, label the bottommost horizontal grid line with the northing of the
LLHC as specified by the FDO. The numbers should be to the left and centered on the
horizontal grid lines but will not touch them. Number the remaining horizontal grid lines

so that the value increases from bottom to top. The last horizontal grid line is not

labeled because measurements will not be made from it. (See Figure 6-6.)
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Figure 6-6. LLHC 2040, With the Long Axis Oriented East-West.

6-10. Four-Step Plotting Method

Points commonly plotted on a firing chart include battery or platoon base piece locations,
known points, targets, observer locations, and maneuver checkpoints. Base piece locations can
be determined by using the M17 plotting board and protractor. To plot points located by grid
coordinates, use the steps in Table 6-3.

Table 6-3. Four-Step Plotting Method.

STEP ACTION
1 Place a plotting pin in the upper right-hand corner of the grid square where the point is
to be plotted. This pin will prevent the incorrect plotting of the point in the wrong grid
square.
2 Place the plotting scale along the left edge of the grid square so that the 0 on the
bottom scaie is at the iower ieft-hand comer of the grid square. (See Figure 6-7.)

6-9
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Table 6-3. Four-Step Plotting Method (Continued).

27 22 23

Figure 6-7. Position Plotted in Grid Square 2349.

ACTION

AN 1 Wi e

Slide the plotting scale to the right, and read the easting (for example, 23478) on the
plotting scale by using the north-south (vertical) grid line as an index. Easting 23478 is

expressed to 2348. (See Figure 6-8.)

— 0

6-10

Figure 6-8. Easting 2348.
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Table 6-3. Four-Step Plotting Method (Continued).
STEP ACTION

4 With the bottom edge of the plotting scale aligned precisely on the east-west
(horizontal) grid line, remove the pin from the upper right-hand comer and plot the
northing on the vertical scale with a plotting pin. Set the pin at a 45° slant, slide the
plotting scale away, rotate the head of the pin to vertical, and push the pin into place.
As shown in Figure 6-9, 49859 is the plotted location. Northing 49859 is expressed to
4986.

s2

57

860 METERS

[~~840 METERS

Figure 6-9. Northing 4986.
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6-11. Tick Marks

The tick mark is the symbol used to mark and identify the location of a point plotted on a
firing chart. The tick mark is constructed in the form of a cross with each arm beginning 40
meters from the pinhole on the chart and extending 160 meters in length (1:25,000 scale).

NOTE: Tick marks will be constructed with a 4H pencil with the following
exception: To construct a tick mark for a target that has been located through
firing, use a red pencil.

Table 6-4 uses the 3,5,7, method to construct a tick mark.

Table 6-4. Constructing a Tick mark.

STEP ACTION
1 Align the right-hand edge of the plotting scale so that 5 on the METERS scale is next to
the pinhole and the edges of the plotting scale are parallel to the grid lines.
2 Using the appropriate color of pencil for the type of position that is being plotted, draw a
line beginning 40 meters above the pinhole and extend it to the closest 7 on the meters
| scale.
I 3 Using the same color of pencnl as in step 2 above, draw a line beginning 40 meters
below the pinhole and extend it to the closest 3 on the METERS scale.
I 4 Move the plotting scale so that 5 on the bottom METERS scale is aligned above the
pinhole and the edges of the plotting scale are parallel to the grid lines.
5 Using the same color of pencil as in step 2 above, draw a line beginning 40 meters
| right of the pinhole and extend it to the closest 3 on the METERS scale.
6 Using the same color of pencil as in step 2 above, draw a line beginning 40 meters left
of the pinhole to the closest 7 on the METERS scale. (See Figure 6-10.)

1,600 MILS
E. T

METERS 40 METERS

NOTE: The tick mark should bisect the pinhole. |

Figure 6-10. Dimensions of a Completed Tick Mark.
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Table 6-4. Constructing a Tick Mark (Continued).
ACTION

NOTE: If the plotted position is within 80 meters of a grid line (on a scale of 1:25,000)

or the tick mark that is to be constructed interferes with a nreviouslv constructed tick

T W Wl tw e v Twiws ves TV IwWSTy DU MWL LWL

mark, the new tick mark should be canted 800 mils counterclockmse to avoid
confusion. (See Figure 6-11.)
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Figure 6-11. Canted Tick Marks.

ACTION

a\ AR 4]

Label the tick mark by centering the identification of the point in the upper right-hand
quadrant and by centering the altitude in the lower left-hand quadrant of the tick mark.
Examples of each type are in Figure 6-12. Use the following rules:

NOTE: Labeling of tick marks will not extend outside the length of the radial arms. At
a minimum, the identification and the altitude are required on all tick marks.

Radar. The military symbol for radar is drawn in green. (See Figure 6-12a.)
Battery or Piatoon. The battery or platoon identification is recorded by using the
following color code:
@ Alphais red.
® Bravo is black.
@ Charlie is blue.
® Delta is orange.
NOTE: If more than four battenes are shown on the firing chart, h I r co n
m

Ar mmain ibhh rasd ln 2 Amanndiama niatann idantifand ions F{7N PPN

ovel ayaill with red. In 3 x 8 operations, piaioon identifications \o ai

recorded by using the same color cade. (See Figure 6-12b.)

|
|
|
|
|
|
|
|
|
N
|
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Table 6-4. Constructing a Tick Mark (Continued).
ACTION

Observation Posts. Observation posts (OPs) can be represented by using one of the
following methods:

Label the tick marks by using the military symbol for an OP (a triangle with a dot in
the middie) and the long or short call sign that the observer uses to identify himself
(for example, W6T03 or T03). (See Figure 6-12c.)

Label the tick marks with the observer's assigned number (for example, O1). (See
Figure 6-12c.)

Known Points. Use a 4H pencil to record in the upper right-hand quadrant the
number assigned to the known point. Also, use a 4H pencil to record in the lower
left-hand quadrant the altitude. (See Figure 6-12d.)

Targets. Use a 4H pencil to record in the upper right-hand quadrant the assigned
target number. Aiso, use a 4H pencii to record in the iower ieft-hand quadrant the
altitude. (See Figure 6-12e.)

NOTE: If the plotted position is a target that has been located through firing, the fu

used in the fire for effect may be recorded by centering the fuze in the lowe
right-hand quadrant of the tick mark. The charge used in the mission and/or HA (|f
mission was an HA mission) may be recorded and centered in the upper left-hand
quadrant of the tick mark. (See Figure 6-12e.)

a b c | A
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Figure 6-12. Example of Different Tick Marks.

STEP

ACTION

Repeat steps 1 through 7 for all plotted locations. When plotting known points,
construct north indexes for ease of processing shift from known point fire missions
(steps 9 through 17.)

N
co
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Table 6-4. Constructing a Tick Mark (Continued).

STEP ACTION

10 Insert the pin through the center of the target grid, and then insert the pin in the known
point location.

11 Orient the target grid until the lines on the target grid are parallel to the grid lines. The
arrow on the target grid should be oriented to the north.

12 Insert a pin at the target grid graduation corresponding to azimuth 0. This is a
temporary north index for the known point.

13 Remove the target grid, and reinsert a pin in the known point location.

14 With the vertex of the RDP on the known point location, align the arm of the RDP with
the pin in the north index.

15 Remove the north index pin.

16 With a 6H pencil, draw a line along the arm of the RDP beginning at range 2050
through the north index pinhole out to range 3300.

17 Using a 4H pencil, label the line with an "N." Place the N immediately above the end
of the line. .

6-12. Construction of Azimuth Indexes

Azimuth indexes are constructed for points located on the firing chart from which the
polar method of target location may be expected. The RDP is prepared by numbering the
100-mil azimuth graduations in blue as shown in Figure 6-4. Azimuths are always read as four
digits. The first digit (thousands of mils) is read from an index that is constructed on the firing
chart. The last three digits are read from the arc of the RDP. Azimuth indexes are constructed on
the firing chart in 1,000-mil intervals throughout the target area, except the 6000 and 0 indexes,
which are 400 mils apart. The steps for constructing azimuth indexes can be found in Table 6-5.

NOTE: To help determine the four digits of a deflection or azimuth, use the
memory aid CLUE.

C - Chart index/pin is first digit.

L - Label on RDP arc is second digit.

U - Unit graduation is third digit.

E - Estimate (visually) to nearest mil is fourth digit.

Table 6-5. Constructing Azimuth Indexes.

STEP ACTION
1 Place a plotting pin in the observer location.
2 Place the vertex of the RDP against the pin.
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Table 6-5. Constructing Azimuth Indexes (Continued).

6-16

STEP ACTION
3 Align the arm of the RDP with a convenient grid line. To ensure the arm of the RDP is
parallel to the grid line, use the following steps:
@ If you are using a north-south grid line, plot the observer’s easting with a plotting
pin and move the RDP until the arm is against the pin.
= [f the arm of the RDP is oriented north, it is oriented on an azimuth of 0 or
6400, and the 0 and 6000 azimuth indexes can be constructed.
= |fthe arm of the RDP is oriented south, it is oriented on an azimuth of 3200,
and the 3000 index can be constructed.
@ if you are using an east-west grid line, plot the observer's northing with a plotting
pin and move the RDP until the arm is against the pin.
- Ifthe arm of the RDP is oriented east, it is oriented on an azimuth of 1600 and
the 1000 index can be constructed.
- if the arm of the RDP is oriented west, it is oriented on an azimuth of 4800 and
the 4000 index can be constructed.
NOTE: Eastings and northings should be plotted as far from the plotted location as
possible. This i |mproves the accuracy of the orientation.
4 Place a plotting pin opposite the number on the azimuth scale (blue numbers) on the

arc of the RDP corresponding to the last three digits of the azimuth in which the arm of
the RDP is oriented.

If the RDP is oriented north (6400 mils or 0 mils)--
Place a pin opposite the blue 4 on the arc; this represents the 6,000-mil azimuth
index.
Place a pin opposite the blue 0 on the arc; this represents the 0-mil azimuth index.

If the RDP is oriented east (1,600 mils), place a pin opposite the blue 6 on the arc;
this represents the 1,000-mil azimuth index.

If the RDP is oriented south (3,200 mils), place a pin opposite the blue 2 on the arc;

this represents the 3,000-mil azimuth index.

If the RDP is oriented west (4,800 mils), place a pin opposite the blue 8 on the arc;
this represents the 4,000-mil azimuth index.

NOTE: The pin represents a temporary index. Its value is the value of the first digit of
the azimuth in which the arm of the RDP is oriented. Flgure 6-13is an example The

RDP is oriented north (0 or 6,400 mils), so a pin was inserted at the 4 on the azimuth
scale. The pin represents the 6,000-mil azimuth index.
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Table 6-5. Constructing Azimuth Indexes (Continued).
STEP | ACTION

V% o a1 5 %P MDYV MUY N KT YN

Figure 6-13. Orienting the RDP.
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STEP

Table 6-5. Constructing Azimuth Indexes (Continued).
ACTION

(64}

Remove the plotting pin that is along the arm of the RDP.

Place the arm of the RDP against the plotting pin representing the azimuth index.

Remove the plotting pin.

(N |

Using a 6H pencil, construct a fine line along the arm of the RDP from range 8250 to range
9520. Ensure that the line goes through the center of the pinhoie. The distance between
these two ranges is about 2 inches.

(e}

Move the RDP away from the azimuth index.

Label the azimuth index with its identification and azimuth value beginning one-eighth inch
beyond the pinhole (above the index). Label with the same colors and symbols that were
used to label tick marks. For azimuth values, first write the observer’s identification as it is
in the observer tick mark. Then write the letters "AZ" followed by the actual value for the
azimuth index (0, 1000, 2000,...6000). (Figure 6-14 shows a completed 0 azimuth index for

observer O1.)

LABELED WITH 4H PENCIL\

ONE-EIGHTH INCH— \ A\

My
PINHOLE
PS

N\
------- < /

<0 QM \

P APPROXIMATELY
2 INCHES LONG

Figure 6-14. Labeling Azimuth Index.

NOTE: Other azimuth indexes can be constructed by measuring successive 1,000-mil
increments to the left and right of the initial index. These indexes should have the same
labeling as the initial index except, the azimuth values should refiect the 1,000-mil change in
azimuth. Ifthe index is to the right of the initial index, the azimuth value will reflect an increase
in azimuth. If the index is to the left of the initial index, the azimuth value will reflect a decrease
in azimuth. This is done because azimuth increases to the right and decreases to the left. An
easy rule to remember is the RALS rule (right, add; left, subtract). Constructas many azimuth
indexes for each observer as will fit on the firing chart or as instructed by the FDO.

11

Complete steps 1 through 10 for each observer location.

6-13. Construction of Deflection Indexes

Direction from a battery or platoon to a target normally is measured and announced in terms of
deflection. Deflection is the horizontal clockwise angle from the line of fire, or the rearward extension of the
line of fire, to the line of a designated aiming point with the vertex of the angle at the sight. In
addition to the deflection as a fire command, the firing battery is concerned with common deflection. The
RDP will be used to measure deflection so it must be prepared by numbering the graduations of the arc in
red as shown in Figure 6-4. Orient the RDP on the azimuth of fire, and place a pin opposite the common
deflection for that weapon system. Table 6-6 contains the steps required for constructing deflection indexes.
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Table 6-6. Constructing Deflection Indexes.

STEP

ACTION

Place a plotting pin in the base piece location.

Place the vertex of the RDP against the pin at the base piece location.

BIWIN

_ Orient the RDP in the cardinal direction closest to the azimuth of lay.

Align the arm of the RDP parallel to a convenient grid line. To ensure the arm of the RDP
is parallel tc the grid line, use one of the following procedures:
If you are using a north-south grid line, plot the base piece easting with a plotting pin
and move the RDP until the arm is against the pin.

If you are using an east-west grid line, plot the base piece northing with a plotting pin
and move the RDP until the arm is against the pin.

. H i ladda A Eme Evomonn
NOTE: Eastings and northings should be plotted as far fi

possible. This improves the accuracy of the orientation.

Place a plotting pin opposite the number on the azimuth scale (black numbers) on the arc
of the RDP corresponding to the iast three digits of the azimuth in which the arm of the
RDP is oriented. The location of the pin represents a temporary index and will not be
replaced with a permanent index. The value of the pin is the value of the first digit of the
azimuth in which the arm of the RDP is oriented. Use the rules outlined in step 4 of Table
6-5 to determine where the pin should be placed. In Figure 6-15, the azimuth of lay is
1850, so the RDP has been oriented east (1,600 mils).

@a?»_aiaui_a_ﬁ_j&i:_&
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Figure 6-15. Temporary index.
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Table 6-6. Constructing Deflection Indexes (Continued).
STEP ACTION

6 Move the RDP until the last three digits of the azimuth of lay (read on the azimuth scale
of the RDP) are opposite the temporary pin. The arm of the RDP is now oriented on the
azimuth of lay. If the RDP cannot be moved to the azimuth of lay, measure 1,000 mils
from the initial pin to establish a temporary index appropriate to the azimuth of lay.
Continue to follow the procedures as listed in this step until the RDP is oriented on the
azimuth of lay. An example is shown in Figure 6-16.

7 Remove the pin that was against the arm of the RDP.

NOTE: To help determine the four digits of a deflection or azimuth, use the memory aid
CLUE.

C - Chart index/pin is first digit.

L - Label on RDP arc is second digit.

U - Unit graduation is third digit.

E - Estimate (visually) to nearest mil is fourth digit.

2 3 2 393

{’!‘LQQ

A a2 28 & 25 &% & M ¥ 3 ¥ & 88 ¥ 5 % & 8 9 W

Figure 6-16. Azimuth of Lay.
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Table 6-6. Constructing Deflection Indexes (Continued).
STEP ACTION

8 Once the RDP is oriented on the azimuth of lay, place a plotting pin opposite the
appropriate graduation on the deflection scale (red numbers) that represents the last
three digits of the common deflection for the weapon system. (See below.)

Weapon Common Deflection
M109A3/A4/A5/A6 3200
M198, M119, M102 3200
M101A1 2800

NOTE: The plotting pin represents the first digit in the common deflection and is a
temporary deflection index. Figure 6-17 shows a common deflection of 3200.

dnada‘garaayvuu:fwsvuo%?ia

Figure 6-17. Common Deflection.
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Table 6-6. Constructing Deflection Indexes (Continued).

STEP ACTION

9 Move the arm of the RDP against the plotting pin representing the deflection index.

10 Remove the pin.

11 Using a 6H pencil, draw a fine line along the arm of the RDP from range 8250 to range
9520. Ensure that the line bisects the center of the pinhole. The distance between these
two ranges is equal to about 2 inches. This is the primary deflection index.

12 Move the RDP away from the deflection index.

NOTE: The same color code used for tick marks is used when labeling deflection
indexes.

13 Using the appropriate color of pencil, draw an arrowhead one-eighth of an inch above the
pinhole. The arrowhead should point toward the base piece location.

14 Label the deflection index with the appropriate unit designation and deflection value. (The

deflection value is written by using the first digit only.) Unit designation is written

1 amon ol b s ol ha lafk ~f tlaa indavy Naflantinn o In 1ae ara writtan immadiatahy

immediately above and to the left of the index. Deflection values are written immediately
above and to the right of the index. Figure 6-18 shows a 3,000-mil deflection index for
Battery B, 1st Platoon.

<—— (TO PLT) Y

edil

o\/\

L 1/8 INCH

Figure 6-18. Deflection Index

NOTE: The deflection index just constructed is the primary deflection index. Other
deflection indexes are constructed by measuring successive 1,000-mil increments to the
left and right of the primary index. These supplementary deflection indexes have the
same color labeling as the primary index, and the deflection value should reflect the
1,000-mil change in deflection. If the supplementary index is to the right of the primary
index, it will decrease in deflection. If the supplementary index is to the left of the primary
index, it will increase in deflection. This is done because deflection increases to the left
and decreases to the right. An easy rule to remember is the LARS rule (left, add; right,
subtract). Figure 6- 19 shows a plotted position with seven deflection indexes. The
M101A1 uses the M12-series sight. The M12-series sight is only capable of measuring
deflection from 0 to 3,200 mils. For the M101A1, with a common deflection of 2800, place

the pin at the 8 along the RDP deflection scale (red numbers), and label the initial index
with a 2

—-—

[¢)]
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Table 6-6. Constructing Deflection Indexes (Continued).
STEP | ACTION

Figure 8-19. Defiection index for Seven Positions.

6-14. Plotting Targets

The observer can use three methods of target location: grid coordinate, polar plot, and
shift from a known point. The steps for plotting targets on a firing chart are listed in Table 6-7.
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Table 6-7. Plotting Targets.

STEP

ACTION

Grid Coordinate Method

Place a plotting pin in the upper right-hand corner of the grid square where the point is

to be plotted

Place the plottmg scale along the left edge of the gnd square so that the 0 on the

pottom scaie is at the iower iefi-hand comer of the gl’IO square.

Slide the plotting scale to the right, and set off the target easting by using the vertical
grid line as an index.

With the bottom edge of the plotting scale precisely aligned on the horizontal grid line,
plot the target northing on the vertical scale with a plotting pin. This is the target

location.

Polar Plot Method of Target Location

(64}

Place a plotting pin at the observer’s location.

(o]

Place the vertex of the RDP against the pin.

Align the RDP in the direction announced by the observer. Use the appropriate azimuth

index for that obsarver and the arc of the RDP.

Place a pin along the arm of the RDP at the distance reported by the observer. This is
the target location. Figure 6-20 shows a polar plot method of target location where the

call for fire was received from Observer 1 for direction 6200 and distance 8700.

Shift From a Known Point Method of Target Location

Insert a pin through the center of the target grid.

10

Place the pin in the pinhole marking the point from which the observer is shifting.

11

Align the arrow on the .target grid so that it is parallel to a north-south grid line. If a
permanent north index has been constructed for the known point, orient the target grid
so that the 0 graduation is at the north index and go to step 13.

Place a pin opposite the 0 on the outer scale of the target grid. This is a temporary
north index.

13

Rotate the target gnd until the announced direction is at the north index
£

e davl  Onas tha
permanent index). Once the target grid is oriented for direction, a minimum of tw

should be used to secure it to avoid unintentional movement.

14

Plot the left or right shift given by the observer by measuring the appropriate number of
squares left or right of the pin. Each square represents 100 meters and can be visually
interpolated to the nearest 10 meters.

Plot the add or drop correction given by the observer by measuring the appropriate
number of squares (plus or minus) from the point plotted in step 14, and insert the

plotting pin. This is the initial target location. Reorient the target grid over this location
to determine angle T.

6-24

NOTE: If the initial shift plots the point off the target grid, plot the portion of the shift that
will f t on the target grid and then reorient on the last plotted point and plot the
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STEP |

Table 6-7. Plotting Targets (Continued).
ACTION

DISTAN

(=)

7/

gﬂﬂ&a#ﬁ&ﬂ&ﬂ#ﬂ#”#’“%&?“&?ﬁ

L4

F igure 6-20. Polar Plot Method of Target Location.

6-15. Determining and Announcing Chart Data

Chart data consist of chart range and chart deflection from the firing unit to the target and
angle T. In a manual FDC, two firing charts will be constructed and will be used to check each
other. Use the steps in Table 6-8 to determine chart data.

Table 6-8. Determining and Announcing Chart Data.

STEP ACTION

1 Place a plotting pin in the base piece location.

2 Place the vertex of the RDP against the pin.

3 Move the RDP so that the left edge of the arm is against the pin at the target location.

4 IRead the range, to the nearest 10 meters, along the arm opposite the pin in the target
ocation.

5 Announce the range. The platoon identification is announced followed by the range; for
example, 1/A RANGE 3250 (ONE ALPHA, RANGE THREE, TWO, FIVE, ZERO).
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STEP

Table 6-8. Determining and Announcing Chart Data (Continued).

ACTION

6

Read the chart deflection from the arc of the RDP opposite the appropriate deflection
index. To determine the deflection, combine the 1,000-mil designation of the index with
the reading on the arc. Defiection is determined to the nearest 1 mil.

Announce the determined deflection. The platoon designation is not announced; for
example, DEFLECTION 3288 (deflection three, two, eight, eight).

NOTE: If the data announced by the HCO is greater than +30 meters in range and/or
+3 mils in deflection from the VCO's data, the VCO will announce HOLD (and the -
difference between his data and the data that the HCO announced). If the data are

within tolerance, the VCO simply announces CHECK.

Move the RDP away from the target location.

©|(co

Attach and orient the target grid over the target location by inserting a pin through the
center of the target grid and inserting the pin in the pinhole marking the target iocation.
Orient the target grid as in the shift from known point method of plotting target location
(Table 6-7). Once the target grid is oriented for direction, a minimum of two pins is
inserted along the outer edge of the target grid to keep it from slipping when
subsequent corrections are plotted. The pins should be positioned so that they do not

interfere with the RDP. If shift from a known point melthod_of target location is

used, the target grid must be reoriented over the target iocation.

With the vertex of the RDP still at the base piece location, move the RDP so that the left
edge of the arm of the RDP is against the pin at the target location.

NOTE: Angle T is the angle formed by two rays beginning at the target and extending
to the firing unit and observer locations. (See Figure 6-21.) Angle T will never be
greater than 3,200 mils. An easy rule to remember when determining Angle T is to read

head-to-head or tail-to-tail. (See Figure 6-22.)

% ANGLE T \‘\

%L ¥ ¥ H! 3 HL_!L_?_B_S_

&
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STEP

Table 6-8. Determining and Announcing Chart Data (Continued).

ACTION

1"

upper left-hand edge of the RDP or the tail of the arrow on

Determine the number of mils between the head of the arrow on the target grid and the

left-hand edge of the RDP (Figure 6-22). Angle T is determined to the nearest 10 mils.

the target grid and the lower

Figure 6-22. Angle T (Tail-To-Tail).
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Table 6-8. Determining and Announcing Chart Data (Continued).
STEP ACTION

12 The chart operator announces the determined angle T, for example, ANGLE T 560
(ANGLE T FIVE, SIX, ZERO). o -
NOTE: If the angle T announced by the HCO is greater than +30 mils from what the VCO
determines, the VCO will announce HOLD (and the difference between his data and
the data that the HCO announced). If the data are within tolerance, the VCO simply
announces CHECK.

13 Plot left or right corrections by measuring the appropriate number of squares left or right
of the last plotted location.

14 Plot add or drop corrections by measuring the appropriate number of squares (plus or
minus) from the point plotted in step 13, and insert a pin. This is the adjusted aimpoint.

15 Determine and announce chart range and defiection as in steps 1 through 7.

NOTE: If the observer or target is moving, the observer wili report changes of direction to
the target to the FDC if the change is 100 mils. If this occurs, the chart operator reorients
the target grid over the last piotted location on the new direction, then piots the
subsequent corrections as announced by the observer, and redetermines angle T. After
the initial correction is made from the target location, all further corrections are made from
the last pin (aimpoint) location. The observer’s final refinement that is sent with end of
mission need not be plotted by the chart operator unless the observer requests RECORD
AS TARGET or unless the chart operator is instructed to do so by the FDO.

6-16. Chart-to-Chart Checks

a. One chart may differ slightly from another because of small differences in construction
caused by human limitations in reading the graphical equipment. Because of these differences, the
following tolerances between charts are permissible:

® Range and/or distance 30 meters.
e Azimuth and/or deflection +3 mils.
® Angle T £30 mils.

b. All firing unit locations must be checked for accuracy. For checking the accuracy of two
or more charts, plot the same grid intersection on all charts. Determine range and deflection to that
grid intersection. If all ranges agree within 30 meters in range and +3 mils in deflection, the charts are
accurate for that firing unit location. If not, all charts must be checked for errors.

¢. To ensure accuracy, enough points in the zone of operation of a firing unit should be
checked. For example, an error in plotting the unit location on one chart could compensate for an
error in constructing the deflection index on the other chart. Checking at least two points will reveal
the error. This should be done as a matter of unit SOP.

Section IV
Observed Firing Charts

_ When survey control and maps are not available, delivery of indirect fires is
possible by using observed firing charts. An observed firing (OF) chart is a firing
chart on which all units and targets are plotted relative to each other from data
determined by firing a registration. Observed firing charts are an expedient method
that should only be use under emergency conditions and every attempt should be
made to construct a surveyed firing chart as soon as possible. Since all locations are
basgdt_upon firing data, observed firing charts contain errors because of nonstandard
conditions.
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6-17. Overview

a. All observed firing charts are based on a registration. Once a registration is complete, the
unit location is polar plotted from the point of registration (normally assumed to be a grid intersection)
by using the direction that is based on the back azimuth to the point and a range corresponding to the
adjusted elevation, or more preferably, a range corresponding to the adjusted time.

b. Because maps and survey are not available, altitudes cannot be accurately
determined. When vertical interval and site are assumed to be zero, a false range is introduced
into the polar plot range. This inaccuracy can be reduced by trying to determine site. Site may
be determined by estimating vertical interval or by conducting an XO’s high burst.

¢. The general procedures for constructing an OF chart are listed below:
(1) Mark the center of sector for observers.

(2) The observer selects a point in the center of the sector of fire that can be
identified on the ground.

(3) Assign the point an arbitrary grid coordinate and altitude. Plot this location on
the firing chart. The grid coordinates assigned to the point are completely arbitrary. A grid
intersection is preferred for simplicity. The grid coordinates of the known point will serve as the
basis for establishing a common grid system. For example, the point could be assigned the grid
coordinates of easting (E):20000 northing (N):40000, altitude 400 meters. (See Figure 6-23.)
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Figure 6-23. Observed Firing Chart Grid.
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(4) Conduct a precision registration (fuze time, if possible) on the point by using
emergency firing chart procedures. (See Chapter 14.)

(5) Determine the adjusted data (to include orienting angle, if possible).

(6) From the adjusted data, determine direction (azimuth) and distance (range) from
the point to the unit.

(7) Polar plot the base piece from the point.

6-18. Methods of Determining Polar Plot Data

a. All observed firing charts are constructed by using polar plot data. The method for
obtaining these data depends on the type of registration conducted and whether site can be
estimated or whether it is unknown.

b. Percussion plot is used when an impact registration has been conducted.

(1) When VI is not known and cannot be estimated, the method is known as
percussion plot, VI unknown.

(2) When vertical interval can be estimated, a site can be determined and
inaccuracies reduced. This method is known as percussion plot, VI estimated.

¢. Time plot is used when a time registration has been conducted.
(1) When VI is not known, the method is known as time plot, VI unknown.
(2) When VI can be determined by using an XO’s high-burst registration, the
method is known as time plot, VI known.
6-19. Constructing Observed Firing Charts

The step-by-step procedures for construction of an observed firing chart are listed in
Table 6-9.
Table 6-9. Constructing an Observed Firing Chart.

STEP ACTION
1 Construct an emergency firing chart. (See Chapter 14.)
2 The FDC must mark the center of sector. The observer will select a point in the center

of his sector. The FDO will assign this point an arbitrary grid and altitude. To orient the
observer, the FDO will have the registering howitzer fire 1 round, center of sector
(COS).
NOTE: The following example is shown in Figure 6-24.

EXAMPLE

The unit was laid on grid azimuth 6100. The FDO estimates range to the forward line of
own troops (FLOT) to be 2,000 meters.
The FDO determines the COS as the center direction and adds 2,000 meters to the

estimated distance to the FLOT. The addition of 2,000 meters is for safety.
The FDO issues the fire order for marking COS (for example, MARK COS FOR T03,

MALIAE AANNA U 4 DALIAMR QLIFEI L IAID | AT WD ALIA 4 AR
NRANUL 9UUV, #9 | RUUINIWD, ONELL YW, LW Y¥J, WU %; Amv).

The RATELO transmits the MTO (for example, MTO OBSERVE 1 ROUND, COS,
REPORT WHEN READY TO OBSERVE).
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Table 6-9. Constructing an Observed Firing Chart (Continued).
STEP ACTION

The computer determines firing data to mark COS by placing the manufacturer's hairline
(MHL) of the appropriate GFT over the COS range announced in the fire order. The HE

elevation and drift are determined by using the appropriate scales.

NOTE: The WP weight correction is ignored for speed. The weight correction may be
applied at the FDO's discretion.

The computer determines the deflection to fire by adding drift to the center deflection. An
example is as follows:

CENTER DEFLECTION 3200
+ DRIFT

[ T e o e

DEFLECTION TO FIRE ;uu4

The computer determines the quadrant elevation to fire. This is the elevation
corresponding to the range announced in the fire order. Site is 0. Elevation
corresponding to range 4000 equals 232. An example is as follows:

ELEVATION 232

+SITE 0

QE 232

The computer announces the fire commands (fcr example, FIRE MISSION, NUMBER 3 1
ROUND, AMC, SHELL WP, LOT WG, CHG 4, DF 3204, QE 232) and commands FIRE

when the observer reports READY.

The HCO will construct the known point as directed by the FDO.

The grid sheet will now be numbered on the basis of the known point grid.

| pjw

Conduct a precision registration by using emergency firing procedures. (See Chapter 14.)

NOTE: The purpose of the precision registration in observed firing charts is to accurately
locate a pomt This is done by moving the MPI over the observer's known pomt The
more met corrections that the FDC can account for, the more accurate the chart
becomes. It does not lose any accuracy as met corrections change if we continue to

account for nonstandard conditions. -
The FDO issues the fire order for the precision registration, and directs the observer to
conduct a precision registration. Fuze time will yield the most accurate results for the
observed firing chart polar plot data and is therefore preferred (for exampie, PRECISION
REGISTRATION, WITH T03, SELECT KNOWN POINT, VICINITY COS, NUMBER 3, 1
ROUND, Q AND TI).

The RATELO issues the MTO (for exam
COS, Q AND TI).

NOTE: Since no known point exists, the observer will select one near the center of sector
and iocate it for the FDC as a shift from the COS.

The HCO plots the direction and shift announced by the observer and determines chart
data. The computer records the observer's correction on the record of fire (for example,
DIRECTION 5820, LEFT 430, ADD 800).

The HCO centers the target grid over the new target location and determines angle T.

The FDC processes the registration by using the procedures outiined in Chapter 10 for a
precision registration.

6 The computer will determine the adjusted time (if applicable), the adjusted deflection, and
the adjusted quadrant elevation.

6-31



FM 6-40

6-20. Determination of Direction for Polar Plotting

a. Once the registration has been completed, the azimuth of the line of fire must be
determined. No matter what technique (percussion or time plot) is used, the direction (azimuth)
of the firing unit from the known point is computed in the same manner.

b. There are two methods to determine the azimuth of the line of fire. They are as
follows:

(1) The XO or platoon leader will determine the azimuth of the line of fire in
accordance with FM 6-50 and report it to the FDC.

(2) The drift corresponding to the adjusted elevation is stripped out of the adjusted
deflection: the result is the chart deflection. The chart deflection is then converted to an azimuth.
For example in Figure 6-24, the firing unit was laid on grid azimuth 6100; common deflection
3200. The adjusted deflection was 3346, and the adjusted elevation was 272.

ADJUSTED DEFLECTION 3346
-DRIFT ~ ADJUSTED ELEVATION -L§
CHART DEFLECTION 3341
CHART DEFLECTION 3341
COMMON DEFLECTION -3200

DIFFERENCE IN DEFLECTIONS L141
(USE LARS RULE FOR DEFLECTION)

GRID AZIMUTH 6100
+DIFFERENCE IN DEFLECTIONS 141
(USE RALS RULE FOR AZIMUTH)

AZIMUTH OF THE LINE OF FIRE 5959

c. Because the firing unit will be polar plotted from the known point, the FDC must
convert the azimuth of the line fire to a back azimuth. The polar plot direction is simply the back

azimuth of fire to the known point. The polar ?Iot direction equals the azimuth of the line of fire
+3,200 mils. If the adjusted (adj ) azimuth of fire is less than 3,200 mils, add 3,200 mils to it. If

the adjusted azimuth of fire is greater than 3,200 mils, subtract 3,200 mils from it.

AZIMUTH OF THE LINE OF FIRE 5959
3200MILS -3200
POLAR PLOT DIRECTION 2759

NOTE: When the azimuth of the line of fire is measured, the howitzer is aimed
with the adjusted deflection. This will result in a polar plot azimuth that
compensates for drift. If the drift corresponding to the adjusted elevation is
removed and a chart deflection is determined, all nonstandard conditions (other
than drift) affecting the deflection are accounted for in the plot of the known point.

d. Once the polar plot direction has been computed, the remaining polar plot data must
be computed by using one of the methods listed below.

(1) If the impact registration was conducted and VI is not known and cannot be
estimated, use the percussion plot, VI unknown method, as shown in paragraph 6-21.
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Figure 6-24. Completed Record of Fire.
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(2) If the impact registration was conducted and VI can be estimated, use the
percussion plot, VI estimated method, as shown in paragraph 6-22.

(3) If time registration was conducted and VI is unknown, use the time plot, VI
unknown method, as shown in paragraph 6-23.

(4) If time registration was conducted and VI is to be determined by using the XO’s
high burst, use the time plot, VI known method, as shown in paragraph 6-24.

6-21. Percussion Plot, VI Unknown

Percussion plot is used when an impact registration has been conducted. When VI is not
known and cannot be estimated, the method is known as percussion plot, VI unknown. The
percussion plot technique assumes that site is zero. The range used to polar plot is the range
corresponding to the adjusted elevation. Since site is zero, the adjusted quadrant elevation is the
same as the adjusted elevation.

UNIT ALTITUDE = KNOWN POINT ALTITUDE

POLAR PLOT RANGE = RANGE CORRESPONDING
TO ADJUSTED ELEVATION

6-22. Percussion Plot, VI Estimated

When site is assumed to be zero, a large error can be introduced into the computation of
range by using the percussion plot technique. This error can be minimized and the accuracy of
the chart improved by estimating a vertical interval between the firing unit and the known point.
The firing unit altitude is then determined by applying the estimated VI from the assumed
altitude of the known point to the firing unit altitude. (See Figure 6-25.) The estimated VI is
used to compute site as shown in Table 6-10.

6-23. Time Plot, VI Unknown

a. The lack of an accurate site and nonstandard conditions are the major sources of error
in range on an observed firing chart. If the site is unknown or incorrect, the derived adjusted
elevation is in error by the amount of error in site. Determining the polar plot range from the
false elevation produces a false range. However, the effect of site on fuze settings is usually
small. Therefore, the adjusted time can be used as a good indicator of the adjusted elevation and
the polar plot range. Because the adjusted fuze setting is a function of elevation and
complementary angle of site (CAS), the angle of site (¥ SI) and hence the VI may be determined
after the firing of fuze time.

b. To derive angle of site, subtract the elevation corresponding to the adjusted time plus
the CAS from the adjusted quadrant elevation. Using the GST, determine the VI by multiplying
the polar plot range by the derived angle of site. To determine range, place the MHL of the GFT
over the adjusted time and read range under the MHL from the range scale. Determine altitude of
the firing unit by applying the VI to the assumed altitude of the known point.

ADJ QE = (ADJUSTED ELEVATION + CAS) + SI.
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Table 6-10. Computing Site by Using an Estimated VI.

STEP

ACTION

Percussion Plot, VI Estimated

-

ha ranna

A firet annarant cita far tha unit ie comnutad hv ueina tha estimated V! and the rar 1ge

YV HTOL GQPpPRAITVIIL OIE TV LIV WHHIL IO UDWWIHPULOW VY Uollly Ui DU I IS v 1]

corresponding to the firing unit adjusted quadrant elevation.

o
1]

P

A first apparent adjusted elevation is derived by subtracting the first apparent site from
the adjusted quadrant eievation.

A second apparent site is computed by using the same VI and the range corresponding
to the first apparent adjusted elevation. [f this site is within 1 mil of the previous site, the
polar plot range is the range corresponding to the last derived adjusted elevation, which
is determined by using the final site computed.

F S

If tha aita variae huy mara than 1 mil feama th tAAASEILIA o rnin o ean o b

0 UIT OIT valico Uy IHivic u IGII 1 lllll nuin lllU plGVIUU‘Q alu:, QUM§§IVC dpplUKlllldllUll Ib
continued until a site is determined that is within 1 mil of the previous site. If the two
sites agree within 1 mil, the last site is the true site. The polar plot range is the range

Cﬁffésr)(‘)ﬁﬂiﬁg IO Ine laSI ueriveo acuu‘sreo EIeVaIIOH wnlcn IS uetermlneu Dy usmg tne
final site computed.

The firing unit altitude equals the known point altitude minus the VI.

TRUE SITE = ESTIMATED VI/RANGE ~ ADJ QE (USE SUCCESSIVE
APPROXIMATION AND THE GST).

TRIIE ARHISTEN EIEVATIAM o ARIAAE TDIIE QI7E
INVE AUWJUDILY CELYAIIVIV™ AWJ WL " IRVL II I E.

POLAR PLOT RANGE = RANGE ~ LAST DERIVED ADJUSTED ELEVATION.

VI = TRUE SITE X RANGE ~ LAST DERIVED ADJUSTED ELEVATION. (USE GST.)

Time Plot, VI Unknown

The computer places the MHL over the adjusted fuze setting and extracts the adjusted
elevation pius CAS from the eievation scale.

An angle of site may be derived by subtracting the elevation corresponding to the
adjusted time plus CAS from the adjusted QE.

ADJ QE

<« Sl

A4l

+

Range from the known point to the firing unit is determined at the range corresponding
to the adjusted time.

By using the GST, determine the vertical interval by multiplying the range from the
known point to the firing unit by the derived angle of site.

The unit altitude is computed by applying the V! to the assumed altitude of the known
point.

ADJ QE = (ADJ EL + CAS) + ¥ SI.

FS IS A FUNCTION OF (ADJ EL + CAS).

¥ SI'= ADJ QE - (ADJ EL + CAS).

POLAR PLOT RANGE = RANGE ~ ADJ TI.

COMPUTED VI = & S| X POLAR PLOT RANGE IN THOUSANDTHS. (USE GST.)

UNIT ALTITUDE = KNOWN POINT ALTITUDE - COMPUTED VI.
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Figure 6-25. Difference in Range Resulting From Difference in Vertical Interval.

6-24. Time Plot, VI Known (Preferred Technique)

a. When site can be determined by using an XO’s high-burst (HB) registration, the
method is known as time plot, VI known. This provides an even more accurate relative location.

(1) This technique is based on a rough approximation of site. This approximation
can be refined to an accuracy approaching survey accuracy by the firing of a modified HB
registration after the completion of a precision registration with fuze time.

(2) The objective of an XO’s HB registration is to determine precisely what portion
of the adjusted QE is angle of site and what portion is elevation plus CAS. (See Figure 6-26.)
The vertical interval and site to the known point can be computed by using the angle of site and

range corresponding to the adjusted time.

ADJ QE = (ADJEL + CAS) + ¥ SI

RG~ ADJ TI
Figure 6-26. Comparison Between the Adjusted QE and EL + CAS.
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(3) This XO’s HB registration is based on the principle that fuze setting is a
fiction of elevation plus CAS. The XO’s HB registration is fired immediately after the time
portion of the registration is completed. The firing of three such high airbursts is specifically
what is called XO’s HB registration. The height of burst is raised vertically by an amount
sufficient to enable the burst to be seen by an aiming circle located within 30 meters of the
registering piece. The burst is raised by increasing quadrant. Three rounds are fired with the
adjusted time. The XO measures the angle of site to each burst and determines the average angle
of site. Because the fuze setting was not changed (the adjusted time was freed), the elevation plus
CAS determined is the true elevation plus CAS. This value is then subtracted from the adjusted
QE, yielding a true angle of site. Site is then computed.

b. The procedures for conducting an XO’s HB registration are outlined in Table 6-11.

Table 6-11. Conducting an XO’s HB Registration.

STEP ACTION

1 The FDC determines the height of burst (HOB) correction needed to raise the burst so
that it may be observed at the aiming circle near the registering piece. There are two
methods to determine the needed HOB correction.

50-Meter-Addition Method

Thha CMNNA dicanta shha VI ba wmae o mmmla A8 bon mmmnd Enw blon wommianbdacios wmlom.
THT T WUW UICUD UIT VLU W lllulllply l.llc anyic vi allc W VIeSL VI UIe lcglalcl Illg plebc

by the range corresponding to the adjusted quadrant. The VCO uses the GST to
perform this computation.

The angle of site to crest is extracted from the XO'’s report.
The VCO determines the minimum HOB using the "C" and "D" scales of the GST.

Ranratica tha HOR datarminad in etan 2 mav nat ha anatinh (it will niit tha raiind at tha
oClaust iT Mo GCICTTTINCG 1N SICP o Mdy M0l DS SNOUgn (it Win put tne round ai uic

site to crest), the FDO adds 50 meters to the minimum HOB and expresses the resuit to
the nearest 10 meters to determine the HOB to fire.

The adjusted QE must be raised. To compute the HOB correction, the computer
converts the HOB to fire announced by the FDO to an HOB correction.

HOB TO FIRE + RG IN THOUSANDS (RG ~ ADJ QE FROM THE REGISTRATION)
=HOB CORR

10-mil Assurance Factor Method
The XO or platoon leader measures or extracts the angle of site to crest from the XO's
report for the registering piece.
The XO or platoon leader applies an additional 10-mil assurance factor to the angle of
site to crest.
¥ SITO CREST
+ 10-MIL ASSURANCE FACTOR
HOB CORRECTION
2 The FDO alerts the XO or platoon leader to set up an aiming circle within 30 meters of

the reglblenng pleu:

3 The FDO announces the fire order (for example, XO’s HB REG, HOB [so many
meters], NUMBER 3, 3 ROUNDS, BRAMC).

4 The computer determines the data to fire. The adjusted time and deflection from the
registration will be fired. The computer adds the HOB correction to the adjusted QE to
determine the XO’s HB QE to fire.

5 The computer sends direction to the target and HOB correction (actually VA) to the XO
or platoon leader as orienting data.
6 When the XO or piatoon ieader reports READY, the computer fires the three rounds

and records the angle of site (VA) reported for each round.
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Table 6-11. Conducting an XO’s HB Registration (Continued).

STEP ACTION

7 The computer determines the average angle of site. Because both the adjusted QE
and XO's QE were fired at the same range, the elevation to both remains the same.
The difference in QEs is site. Site cannot be accurately determined because accurate
range to the known point is not known. The computer is able to determine the elevation
plus CAS by subtracting the measured angle of site from the XO’s QE.

XO's HB QE

-XO’s AVERAGE S|

EL + CAS

8 The angle of site to the known point may be determined by subtracting the elevation
plus CAS from the adjusted QE to the known point.

9 Determine the VI by using the GST. Angle of site multiplied by the range corresponding
to the adjusted fuze setting equals the VI. Place the M gauge point opposite the angle
of site on the D scale of the GST. Move the MHL over the range that corresponds to
the adjusted fuze setting on the C scale. Read the VI under the MHL on the D scale.

10 Deterrmne site. Place the MHL over the VI on the D scale of the GST. Set off under

dhn AALII
the MHL the range corresponding to the adjusted fuze setting on the site-range (target

above gun [TAG] or target below gun [TBG]) scale for the selected charge. Determine
the site from the D scale opposite the M gauge point.

11 Determine the adjusted elevation. The adjusted QE minus site equais the adjusted
elevation.
ADJ QE
- SITE
ADJEL

12 Determine the firing point altitude. The known point altitude minus the VI equals the
firing point altitude.

13 The polar plot range is the range corresponding to the adjusted fuze setting.

¢. After understanding the theory on which the determination of site by firing is based, it
may be easier to use the GOT MINUS ASKED FOR rule to determine the angle of site. As
shown in Figure 6-27, the angle of site to the known point equals got minus(-) asked for. The
procedures for the GOT MINUS ASKED FOR rule are in Table 6-12.

QE 315 MILS (TO HB)

QE 295 MILS (TO REG PT) |
REG PT
+30
Af !

( EL 286 MILS (ACTUAL ELEVATION
PLUS COMP SITE)

GOT - ASKED FOR = +30 - (+20)= +10 MILS ANGLE OF SITE

>+20 MILS
(ASKED FOR)

Figure 6-27. GO
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Table 6-12. Procedure for GOT MINUS ASKED FOR Rule.

STEP ACTION

1 The FDC determines the HOB correction with either of the two methods discussed in
paragraph 6-24b. The HOB correction (angle of site) is the asked for angle of site.

2 The asked for angle of site is added to the adjusted QE to determine the XO's HB QE.
ADJ QE

+ ACSKEN END
XO’s HB QE

3 The asked for angle of site is the HOB correction (VA) announced to the XO or platoon
leader.

4 Once the three rounds have been fired, the computer determines the XO's HB average
angle of site. The average XO'’s HB angle of site is referred to as "got."

5 The computer determines the angle of site to the known point.

GOT

A MMIrFEEn o

¥SITO KN PT
6 Once the angle of site to the known point has been determined, polar plot data are
computed in the same manner discussed in Table 6-11, steps 9 through 13.

6-25. Setting Up the Observed Firing Chart

At the completion of any of the four techniques demonstrated, the HCO will construct an
observed firing chart by using the steps in Table 6-13.

Table 6-13. Construction of an Observed Firing Chart.
STEP ACTION

1 The HCO selects a grid intersection and tick-marks this location as Known Point 1. An
altitude is arbitrarily assigned.

NOTE: This point should allow space for the plotting of the firing unit.

2 Polar-plot the firing unit center from the known point. Place the vertex of the RDP
against the pin in the known point. Using a temporary azimuth index, orient the RDP for
direction by using the direction from the known point to the firing unit. Place a pin
opposite the polar plot range on the range scale. The pin is the firing unit location.
Construct a tick mark at the pin location.

4 Label the tick mark with the firing unit location and altitude.

FIRING UNIT ALTITUDE = KNOWN PT ALT - VI.

After the unit has been polar plotted on the chart, the deflection index is constructed by
using the adjusted deflection.

5 Construct a deflection index. Place the vertex of the RDP in the firing unit location.
Place the arm of the RDP against the known point location. Place a pin opposite the
last three digits of the adjusted deflection on the arc of the RDP.

Construct a deflection index at the pin location.
Label the deflection index with the first digit of the adjusted deflection.

w

(o]

~
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6-26. Example of Percussion Plot, VI Unknown.

A registration was conducted with shell HE, charge 4GB. The site and firing unit altitude
are unknown.

a. The following data are known:

Adjusted quadrant elevation: 272

Azimuth of the line of fire
reported by the XO or

platoon leader: 5959
Adjusted deflection: 3346
Assumed altitude of the

known point: 400

b. Determine the direction, altitude, and range from the known point to the firing unit.

(1) Determine the polar plot direction. The azimuth of the line of fire £3200 equals
polar plot direction.

5959-3200 = 2759 (BACK AZ OF FIRE)

(2) Determine the firing unit altitude. The firing unit altitude equals the known
point altitude.

FIRING UNIT ALTITUDE = 400 METERS

(3) Determine the polar plot range. The polar plot range equals the range that
corresponds to the adjusted QE.

POLAR PLOT RG = 4560 TO ADJ QE (272)

6-27. Example of Percussion Plot, VI Estimated

The observer passes the firing unit position on his way to his location and estimates the
VI to be +60 meters. Use the known data from paragraph 6-26.

a. Determine the first apparent site. RG ~ ADJ QE = 4560 METERS. Using the GST,
set +60 underneath the MHL on the D scale. Move the site-range scale for charge 4GB TAG until
range 4560 is underneath the MHL. Read site underneath the M gauge point on the D scale.

FIRST APPARENT SITE = +14 MILS
b. Determine the first apparent elevation.

ADJUSTED QE 272
- FIRST APPARENT SITE +14
FIRST APPARENT ELEVATION 258

RG ~ FIRST APPARENT EL = 4,370 METERS
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c. Determine the second apparent site. RG ~ FIRST APPARENT EL = 4,370
METERS. Using the GST, set +60 underneath the MHL on the D scale. Move the site-range
scale for charge 4GB TAG until range 4370 is underneath the MHL. Read site underneath the M

gauge point on the D scale.
SECOND APPARENT SITE = +15

Because the first and second apparent sites are within 1 mil, the last site determined, +15 mils, is
the true site.

d. Determine the true adjusted elevation.

ADJUSTED QE 272
-TRUESITE +15
TRUE ADJUSTED ELEVATION 257

RG ~ TRUE ADJ EL = 4360, which is the polar plot range.
e. Using the GST, determine the VI.
POLAR PLOT RANGE 4360

X TRUE SITE +15

VI +60
f. Determine the firing unit altitude.

KN PT ALT 400

=VI_____ +60

FIRING UNIT ALT 340

The introduction of an estimated VI of +60 meters changes the polar plot range from the firing
unit to the known point by 200 meters (4560 to 4360). The polar plot direction is determined as
shown in paragraph 6-20.

6-28. Example of Time Plot, VI Unknown

NOTE: Use the known data from paragraph 6-26.

a. At the completion of the registration, the adjusted data areas follows:

Adjusted time (M582):  15.6
Adjusted deflection: 3346
Adjusted quadrant: 272

NOTE: The adjusted data come from the example shown in Figure 6-24.

b. Determine the angle of site.

NOTE: EL+ CAS ~ TO ADJ FS = 257.

ADJUSTED QE 272
- EL + CAS 257
ANGLE OF SITE +15
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c. Using the GST, determine the VI.

NOTE: RG ~ ADJ FS = 4360, which is the polar plot range.

ANGLE OF SITE +15
x POLAR PLOT RANGE 4360 (C scale)
Vi +64

d. Determine the firing unit altitude.
KN PT ALT 400
-VI________ +64
FIRING UNIT ALT 336

e. Determine the polar plot direction as discussed in paragraph 6-20.

6-29. Example of Time Plot, VI Known, XO’s High Burst

NOTE: Use the known data from paragraph 6-26.

a. The site to crest from the XO’s report is +32 mils for the registering piece. This
example will demonstrate how to determine the HOB correction by using the 10-mil assurance
factor.

b. Determine the asked for HOB correction.

SITE TO CREST +32
+ ASSURANCE FACTOR +10
ASKED FOR HOB CORRECTION +42

c. Determine the XO’s high-burst QE.

ADJUSTED QE 272
+ ASKED FOR +42
XO’s HB QE 314

d. The computer announces orienting data to the XO or platoon leader.
DIRECTION 5959, VERTICAL ANGLE +42.

e. Three rounds are fired, and the following angles of site are reported by the XO or
platoon leader.

Round 1: £ Sl +54
Round 2: < S| +54
Round 3: <& SI+57
Avg ¥ Sl: Determined by XO or platoon leader.

NOTE: AVG¥ Sl = +55, which equals GOT.

f. Determine the angle of site to the known point.
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GOT +55

-ASKED FOR +42
¥ SITOKNPT +13

g. Using the GST, determine the VI.

NOTE: RG ~ ADJ FS = 4360, which is the polar plot range.

POLAR PLOT RANGE 4360
X ANGLE OF SITE 13
Vi +56

h. Determine the firing unit altitude.

KN PT ALT 400
=Vl 56
FIRING UNIT ALT 344

I. Determine the polar plot direction as discussed in paragraph 6-20.

6-30. Locate an Observer

If the observer is equipped with a laser, his location maybe established by resection. The
procedures are listed below.

a. The observer lases the known point and determines a direction, distance, and a
vertical angle. These are reported to the FDC.

b. The HCO determines the observer location as follows:
e Polar plots the back azimuth to the known point.
e Inserts a plotting pin along the back azimuth at the announced distance.
@ Constructs a tick mark and labels it with the observer’s call sign.
¢. Using the GST, the VCO determines the observer’s VI as follows:
@ Places the M gauge point opposite the VA on the D scale.
® Moves the MHL over the distance on the C scale.
@ Reads the VI under the MHL from the D scale.
d. To determine the observer’s altitude, subtract the VI from the known point altitude.

6-31. Battalion Observed Firing Charts

a. Battalion observed firing charts are based on the concept that if any two points can be
located by reference to a third point, the two points can be located in reference to each other. All
batteries register on the same known point. For example, using the techniques for battery or platoon
observed firing charts discussed in Section 11 of this chapter, firing units can be located in relation to
the known point. After all the firing unit locations are plotted on a single firing chart in relation to the
known point, the firing chart provides an accurate graphical representation of the location of the firing
units in relation to each other. (See Figure 6-28.) This accurate portrayal of the relationship among the
firing unit locations allows for the accurate massing of fires within the battalion on any target located
by adjustment of one of the firing units, or by a shift from a known point (known to all firing units).
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Figure 6-28. Location of Batteries With Respect to the Known Point.

b. The techniques used in the construction of a battalion observed firing chart are very
similar to those used for the construction of a single firing unit observed firing chart. The
direction used for polar plotting each firing unit is determined by using the same procedures as
the battery or platoon observed firing chart.

(1) Percussion Plot, VI Unknown. Range and altitude may be determined for
each firing unit by using the procedures in paragraph 6-21. The accurate massing of fires is not
possible when this method is used.

(2) Percussion Plot, VI Estimated. Range and altitude for each firing unit maybe
determined by using the same procedures listed in Table 6-10. If the relative altitude of the firing
units can be estimated, the accuracy of the firing chart can be improved. One firing unit is
selected as a reference unit and is assigned the same altitude as the known point. The vertical
intervals of the other units are estimated and compared with the altitude of the reference firing
unit to obtain their altitudes.
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(3) Time Plot. Range and altitude for each firing unit may be determined by using
the same procedures listed in paragraphs 6-23 and 6-24. This provides a more accurate means of
determining relative location. One firing unit is selected as a reference unit. The vertical
intervals of the other firing units are estimated and compared with the altitude of the reference
firing unit to obtain their altitudes.

6-32. Observed Firing Chart With Incomplete Survey

a. A position area survey maybe used in conjunction with the observed firing chart until
the surveyed firing chart is available. The part of the chart established by firing must be plotted
to the same scale as the part obtained by survey.

b. The procedure for constructing a battalion observed firing chart that is based on the
registration of one unit and that has position area survey is listed in Table 6-14.

Table 6-14. Construction of an Observed Firing Chart, Position Area Survey Only.

STEP ACTION
1 Establish a common orienting line (OL) for the battalion.
2 Starting at any point, conduct directional traverse to locate all battalion positions

horizontally and vertically in relation to each other and to establish common directional
control for all orienting lines.
Plot all unit nositions, altitudes and orienting lines on tracina naper to the same size as

e SR8 i PSS, Ty SRl v wr s =R ) S~ W e SRl AT &2

that of the chart to be used. The overlay, including the measured grid azimuth of the
orienting lines, constitute the position area survey as given to the fire direction center.

r(eg|5ter one unit on the known p0|m From the auju51eu uala start the observed Tll'lng
chart by plotting the registering unit.

5 Derive the azimuth of fire from the measured azimuth of the line of fire from the
registering unit. Use the derived azimuth of fire as the direction of fire of the registering
unit on the overlay.

Orient the overlay so that the center of the registering unit is over the registering unit's
center on the chart. Rotate the overlay until the lines denoting direction of fire on the
chart and on the overlay coincide. From the overlay, mark the locations of the

nonregistering unite on the chart. Label these locations with the nroner altitudes in

BOARER~S> Lo = ] Twon I wRALIw [ SR04 SR~ LI LI L0 L

relation to the registering unit.

7 Measure the azimuth on the chart from each nonregistering unit to the known point.
The azimuth of the unit's OL minus the measured direction of fire equais the orieniing
angle for laying the unit.

w

E-N

(o]

Section V
Using Map Spot Data to Construct Firing Charts

The surveyed location and azimuth of lay should be established as soon as
possible. Surveyed locations can be determined by map spot survey or by normal
survey procedures. Map spot is less accurate than actual survey.If survey teams
cannot immediately provide the needed data, the firing unit conducts a map spot
survey to establish the unit center and azimuth of lay. For a map spot survey, fire
direction personnel use hasty survey methods to associate terrain features with the
locations of those features on a map and to locate the unit’s center in relation to the
terrain features.

6-45



FM 6-40

6-33. Map Spot Survey

a. Map spot survey is the application of basic map and terrain association. It should be
as accurate as possible. Three-point resection is the preferred technique for establishing the unit
center by map spot survey. The map spotted location of the unit center will include an eight-digit
grid coordinate and an altitude in meters.

b. Directional control (an orienting station and the direction to the end of the orienting
line [EOL]) also must be provided. Common directional control should be established as soon as
possible, preferably by simultaneous observation or directional traverse during daylight or by
Polaris-Kochab method at night. If none of these procedures can be done quickly, the firing unit
must be laid magnetically.

NOTE: FM 6-50 includes a detailed discussion of hasty survey techniques.

6-34. Constructing a Firing Chart From Map Spot Survey

a. To construct a firing chart based on map spot survey, the FDC must have three items
of information:

e Assumed grid coordinates of the firing unit center.
® Assumed altitude of the firing unit.
e Assumed azimuth of lay.

b. When met + VE techniques cannot be used, the firing unit will register as the
situation permits.

¢. A firing chart based on map spot survey is only as accurate as the following:
@ The map spotted location of the unit center and the known point.
e The azimuth of lay.
@ The construction of the chart.

d. When a firing chart based on map spot survey is used, the orienting angle must be
recorded when the firing unit is laid. This orienting angle is used to determine the actual azimuth
of lay when directional control is provided.

e. The FDC replots all fired targets.

6-35. Transferring to a Surveyed Firing Chart

a. When the position and target area surveys are completed, the FDC is provided the
following information:

e Firing unit center grid coordinates and altitude to the nearest 0.1 meter and
azimuth to the EOL to the nearest 0.1 mil.

o Known point coordinates and altitude to the nearest 0.1 meter.

b. The surveyed firing chart is constructed to show the accurate locations of the firing
unit center, the known point, and the actual azimuth of lay.
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¢. The firing unit was initially laid, and the orienting angle was recorded. When the
surveyed azimuth to the EOL is determined, the actual azimuth of lay is computed by using the
following formula:

SURVEYED AZ TO EOL - ORIENTING ANGLE = AZ OF THE LINE OF FIRE.

d. The initial (map spot) azimuth of lay may be inaccurate. The actual azimuth of the
line of fire may differ from the surveyed azimuth of lay. When survey data are provided, the
FDC must--

e Construct a surveyed firing chart.
e Compute GFT settings.
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Chapter 7
Firing Tables

This chapter implements a portion of QSTAG 224.

Field artillery firing data are determined by use of various firing tables and equipment. These
tables contain the fire control information (FCI) under standard conditions and data correcting for
nonstanadard conditions. These tables and equipment include the tabular firing tables, graphical firing
tables, and graphical site tables. The tabular firing tables are the basic source of firing data. They
present fire control information in a tabular format. The data listed are based on standard conditions.
The GFTs and GSTs are graphical representations of the tabular firing tables.

Section |
Tabular Firing Tables

This section implements STANAGSs 4119 and 4425 and QSTAG 220.

Tabular firing tables are based on test firings and computer simulations of a
weapon and its ammunition correlated to a set of conditions that are defined and
accepted as standard (See Figure 7-1.) These standard condition are points of
departure. Corrections are used to compensate for variables in the
weather-weapon-ammunition combination that are known to exist at a given instant
and location. The atmospheric standard accepted in US firing tables reflect the mean
annual condition in the North Temperate Zone. TFTs are developed for weapons
ranging from crew-served to heavy artillery. The format of artillery firing tables are
based on standardized agreements, and with small exceptions, are very similar.

STANDARD CONDITIONS

WEATHER
AIR TEMPERATURE 100 PERCENT (59°F)
AIR DENSITY 100 PERCENT (1,225 gm/m°)
NO WIND

BIWIN -~

POSITION
GUN, TARGET, AND MDP AT SAME ALTITUDE
ACCURATE RANGE

RIA PIATATIAN AL TLIE AMTL
NURUIATIUNUr 1O CARNET

MATERIAL

STANDARD WEAPON, PROJECTILE, AND FUZE
PROPELLANT TEMPERATURE (70°F)
LEVEL TRUNNIONS AND PRECISION SETTINGS

FIRING TABLE MUZZLE VELOCITY
5 NO DRIFT

QN -

BIWIN|=

LEGEND: gm/m3 — grams per cubic meter
Figure 7-i. Standard Conditions.
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7-1.  Elements and Purpose
a. The principal elements measured in experimental firings include the following:
® Angle of elevation.
Angle of departure.
Muzzle velocity.
Achieved range.
Drift.
® Concurrent atmospheric conditions.

b. The main purpose of the TFT is to provide the data to bring effective fire on a target
under any set of conditions. Data for firing tables are obtained from firings of a weapon
conducted at various quadrant elevations. Computed trajectories are based on the equations of
motion and are compared with the data obtained in the firings. The computed trajectories are
adjusted to the measured results and data are tabulated. Data for elevations not fired are
determined by interpolation. Firing table data define the performance of a projectile of known
properties under standard conditions.

7-2. Cover Information

The cover of the TFT provides information concerning the weapon system(s) and
projectiles to which data in the TFT apply. Projectiles listed on the cover are in the same
projectile family because of ballistic similarity.

NOTE: The 155-AM-2 TFT is used as the example throughout this section. Figure 7-2
identifies acronyms and abbreviations for the TFT shown in this section.

Acronyms and Abbreviations

BE = base ejection (fuze) or IT = ltaly
Belgium b = pound
CA = Canada mph = miles per hour
CP = concrete-piercing (fuze) NL = Netherlands
DA = Denmark NO = Norway
ET = electronic time (fuze) PD = point-detonating (fuze)
FR = France prox = proximity
GE = Germany std = standard
H = blister agent (mustard) TU = Turkey
HC = hexachloroethane (smoke) UK = United Kingdom
HD = blister agent (distilled mustard) VX = nerve agent (persistent)

Figure 7-2. Acronyms and Abbreviations.
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a. Introduction. The introduction contains general information about the weapon,
ammunition, and the TFT. This information specifically includes the items below.

(1) Table of contents.
(2) Table of symbols and abbreviations (used in the TFT).
(3) General information.

(4) Interchangeability of ammunition. This table shows the ammunition
combination held in stock by other NATO nations for a particular weapon caliber that can be
used by the US during combined operations, to include training exercises. Because of safety, the
ammunition listed in the shaded portions may only be used in combat operations. (See Figure
7-3)

(5) Weapon characteristics. (See Figure 7-4.)
(6) Projectile-fuze combinations and mean weights. (See Figure 7-5.)

(7) Equivalent full service rounds. These tables provide information on tube wear
and erosion. These data are used to determine the number of equivalent full service rounds fired
and the expected muzzle velocity loss due to wear. The values listed in these tables are based on
firings of the highest charge used by that weapon system. (See Figure 7-6.)

(8) Approximate losses in muzzle velocity. The tables maybe used as a guide in
estimating muzzle velocity variations from the firing table standard that are due to uniform wear
in the M185 and the M199 cannon tubes. (See Figure 7-7.)

NOTE: The M199 cannon tube needs to be corrected for certain increases in muzzle
velocity, see FT 155-AM-2, page V.

(9) Explanation of tables.

(10) Example of met message and sample problems.
(11) Explanation of the probability table.

(12) Table of natural trigonometric functions.

(13) Charge selection table. This table provides guidance to the FDO on the
selection of the charge to fire based on range and probable error. Enter the table with the range to
target expressed to the nearest listed value, and choose the charge to fire. The gray shaded area
shows those charges with the lowest probable error in range and thereby the charge that should be
selected given no other considerations. (See Figure 7-8.)

(14) Table of conversion factors. (See Figure 7-9.)
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Figure 7-3. Interchangeability of Ammunition Table.
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HOWITZER M109A1 SERIES M198
CANNON M185 M199
TOTAL TRAVERSE MILS 6400 L 400
R 400
MAXIMUM ELEVATION MILS 1300 1275
MINIMUM ELEVATION MILS -36 15
CHANGE IN ELEVATION
FOR ONE TURN ON MILS 5 10
ELEVATION HANDWHEEL
CHANGE IN TRAVERSE
FOR ONE TURN OF 10 10
TRAVERSING HANDWHEEL MILS
Figure 7-4. Weapon Characteristics.
FT 156-AM-2
5. PROJECTILE-FUZE COMBINATIONS AND MEAN WEIGHTS
PROJECTILE FUZE WEIGHT
FUZED
PROJECTILE
PD MTSQ | PROX | ET cp sa LB
HE, M107 M557 mses | mr3z2 | mss7| wmrs2) | 2 92.8
NORMAL CAVITY M572 520 M78A1(2) | 3 93.9
M739 M520A1 41) 95.0
MS500A1 5 26.1
M582
HE, M107 M557 MG84 | m14 | mos7| M768(2) | 2 928
MS520 | MSI4AT M78A1{(2) | 3 939
DEEP CAVITY o MS520A1| M514B1 &1 950
M500A1| M514A3 5 96.1
M582 M728
M732
GAS, MS557 M564 Ms87 2 92.8
PERSISTENT, m572 M520 3 93.9
M10 M738 M520A1 4(1) 95.0
Ms08 M500A1
{HAND HD) MS508A1 Ms82
M557 8 97.2
G;Q"ﬁamsrem m572 7 8.3
)| wmr3e 8 99.4
GB, M121A1 M508 9 1005
M508A1 10 1016
R mME14 3 a7.2
GAS, M514 8 97.2
PERSISTENT, m::g: 7 983
8 99.4
VX, M121A1 M514A3) 9 005
M728 10 1016
M732
SMOKE, M557 M564 M587 : 96.1
Ms72 97.2
WP, M110 Vo 20 7 98.3
M508 M500A1 8 99.4
M508A1 M582
SMOKE, BE, M501(3) 2 928
M118 AND M501A1 2 939
3 41) 95.0
M11681 (HC) (3) s 061
SMOKE, BE, M116 M501(3) (4)
AND M116B1 M501A1
{COLORED) (3)
SMOKE, BE, mses | msas M724 2 9238
M577 3 §3.5
:v:g;sm 41) 95.0
5 96.1
ILLUMINATING, mses| msas M724 NOT WEIGHT
M485A2, ms77 ZONED
M4B5A1
(1) STANDARD
{2} WHEN PROJECTILE, HE, M107 1S ARMED WITH FUZES M72 AND N72A1, APPLY AN
ADDITIONAL CORRECTION FOA AN INCREASE IN AIR DENSITY OF ONE PERCENT.
(3) COMBINATION LIMITED TO M3 SERIES AND THROUGH ZONE 6 OF THE MAA1
SERIES ONLY.
(4) PROJECTILES, SMOKE, COLORED, BE, M116 AND M116A1 ARE FIRED WITH A
MEAN WEIGHT OF 86.4 POUNDS. THIS WEIGHT IS EQUIVALENT TO A DECREASE
OF 8 SQUARES BELOW THE STANDARD WEIGHT OF 5.0 POUNDS FOR WHICH THE
TABLES ARE PREPARED,
= _______ =my = ™___*_ _a"f_ PF~____ Lt At _ __ _IRE_ ___ 1AF_"*__Db_a__
rigure 7-9. jectlie-ruze vombpinauons ana edn vve gn‘
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CHARGE FATIGUE LIFE EROSION LIFE

NO. OF RDS EQUIVALENT NO. OF RDS EQUIVALENT

EQUIVALENT FATIGUE EQUIVALENT FATIGUE

IN FATIGUE EFFECT IN FATIGUE EFFECT

TO ONE FULL CHG IN DECIMALS TO ONE FULL CHG | IN DECIMALS
CANNON, 155MM HOWITZER, M186*
8 1.0 1.00 1.0 1.00
R 1.0 1.00 1.0 1.00
W 13 .76 30
6w 4.0 .25 8.3 A2
sW 4.0 25 5.0 .04
4w 4.0 25 - -
3w 4.0 25 bl e
5G 4.0 .25 25.0 04
4G 4.0 .25 b -
3G 4.0 25 il i
2G 4.0 .25 i o
1G 4.0 25 - bl
CANNON, 166MM HOWITZER, M199~

8 14 .70 3.0 .33
7R 1.4 .70 3.0 33
™w 4.0 25 10.0 10
6w 4.0 25 20.0 05
Sw 10.0 .10 hood il
4w 10.0 10 ot ot
3IW 10.0 .10 bl o
§G 4.0 25 i -
4G 10.0 10 i -
3G 10.0 10 - o
2G 10.0 .10 bl i
1G NOT APPLICABLE

Figure 7-6. Fatigue and Erosion Tables.

7-6

APPROXIMATE LLOSSES IN MUZZLE VELOCITY*

NUMBER OF EQUIVALENT WEAR MEASUREMENT LOS IN MUZZLE VELOCITY
FULL CHARGE SERVICE ROUNDS {INCHES)" (METERS PER SECOND)
CANNON, 166MM HOWITZER, M186

0 6.100 0.0
200 6.109 02
400 8.118 05
600 6122 0.7
800 6.128 13
1000 6.134 2.0
1200 6.140 3.0
1400 6.146 41
1600 8,152 4.7
1800 6.167 6.9
2000 6.163 7.0
2200 6.168 8.2
2400 6172 9.6
2600 6.177 10.3
2800 6.181 11.7
3000 6.186 130
3200 6.190 14.2
3400 6.193 15.4
3600 8.196 16.4
3800 6.200 175
4000 8.203 18.7
4200 8.206 20.0
4400 6.208 20.8
4800 6.210 21.8
4800 6.212 223
5000 8.214 229

Figure 7-7. Loss in Muzzle Velocity Table.




FM 6-40

RANGE CHARGE
METERS | 1G 26 56 3W 4w W ew TW 3

8] s

1

1000 10 7
2000 20 14
3000 29 21

4000 29 31| 16 | 16| 14| 13| 18
5000 29 39| 20 | 19| 17| 14| 20
6000 36 a7 | 24| 2
7000 56 | 28 | 23
8000 34 | 26
9000 29
10000 33

Figure 7-8. Charge Selection Tables.

CONVERSION FACTORS

MULTIPLY BY TO OBTAIN MULTIPLY BY TO OBTAIN
YARDS 0.9144 METERS METERS 1.0936 YARDS
MPH 0.8630 KNOTS KNOTS 1.1508 MPH
DEGREES 17.7778 MILS MILS 0.05625 DEGREES
MINUTES 0.2863 MILS MILS 3375 MINUTES

PERCENT OF STD TEMP = 100 + 0.1928 (AIR TEMPERATURE - §9)
AIR TEMPERATURE IN DEGREES FAHRENHEIT

Figure 7-9. Conversion Factors.

b. Part 1. Part 1 of the TFT contains firing data and corrections for the base projectile.
It is divided into Tables A through J. Additional Tables K through M may be provided in some
TFTs, but the format and content vary.

7-3. Table A

a. Table A is used for the solution of a concurrent met. It is used to select the line
number of the met message. The entry argument for this table is quadrant elevation. The QE
best describes the maximum ordinate of the trajectory and, thus, the portion of the atmosphere
through which the projectile will pass. The height of the trajectory is determined by computer
simulation using equations of motion. Table A also assumes that the target is at the level point of
the trajectory. If there is a large vertical interval (either positive or negative), the met message
line number selected will not exactly describe the atmosphere through which the projectile
passes. This will cause only a small error in manual computations.

b. Enter Table A by using the left column with the adjusted quadrant elevation to a
target. Extract the line number of the met message from the right column. (See Figure 7-10.)

-7
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FT 156-AM-2 TABLEA CHARGE
PROJ, HE, M107 LINE NUMBER 48
FUZE, PD, M557

LINE NUMBERS OF METEOROLOGICAL MESSAGE
QUADRANT LINE

ELEVATION NUMBER
MILS

0.0- 146.3
146.4- 280.2
280.3-421.8
421.9-561.9
562.0- 686.1
686.2- 863.6

863.7-1119.8
1118.9- 1300.0

SNl alo

NOTE - WHEN THE PROJECTILE MUST HIT THE TARGET ON THE ASCENDING BRANCH
OF ITS TRAJECTORY, USE HEIGHT OF TARGET IN METERS TO ENTER THE
TABLE ON PAGE XXIV TO DETERMINE LINE NUMBER.

Figure 7-10. Table A.

7-4. Table B.

a. Table B is used in the solution of concurrent and subsequent met. This table is used
to determine the value of complementary range (change in range) to correct for the effects of
complementary angle of site. Complementary ranges were determined by computer simulations
of the trajectory at each listed range and vertical interval. Table B has two entry arguments; they
are chart range to a target expressed to the nearest 100 meters and the height of target above gun
(vertical interval) expressed to the nearest 100 meters. Table B is entered from the range column
along the left side, with the chart range to a target; and along the top of the table with the height
of target above gun (vertical interval). Extract the value of complementary range where the two
columns intersect. The complementary range is the number of meters of range correction that
corresponds to the complementary angle of site. This range correction is measured at the base of
the trajectory. The sum of the complementary range and the chart range, expressed to the nearest
10 meters, equals the entry range. This is the most accurate range for entry into Table F to
extract firing data and range corrections.

b. Table B is also used to determine the line number from a ballistic met message for
use in subsequent met applications. The table is divided by heavy black lines. These lines form
the boundaries of the met zone. The line number may be determined by following the lines
between which the complementary range is extracted to the outer edge of the table. The bold
number in the margin is the met line number. The met message line numbers were determined by
the same method used in Table A. (See Figure 7-11.)

NOTE: Table A is more accurate in the determination of the met message line number
to be used in the solution of concurrent met.

7-5. Table C

Table C is used in the solution of concurrent and subsequent met. It is entered with the
chart direction of wind. The chart direction of wind is the angle formed by the intersection of the
direction of the wind from the met message and the direction of fire (that is, the horizontal
clockwise angle from the direction of fire to the direction of the wind). This table divides a
1-knot wind into crosswind and range wind components. Components for crosswind and range
wind are then extracted. The extracted values are described as the components of a 1-knot wind.

7-8
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The range wind component is the percentage of the wind speed that acted as a range factor. The
crosswind component is the percentage of the wind force that acts to blow the projectile laterally
and is translated into a lateral correction factor. (See Figure 7-12.)

NOTE: Table C is based on chart direction of wind only and, thus, is the same for all
charges and all weapons.

CHARGE TABLE B FT 155-AM-2
40
COMPLEMENTARY RANGE PROJ, HE, M107
LINE NUMBER FUZE, PD, M857

CHANGE IN RANGE, IN METERS,
TO CORRECT FOR COMPLEMENTARY ANGLE OF SITE

LINE NUMBERS OF METEOROLOGICAL MESSAGE

LINE | RANGE HEK3HT OF TARGET ABOVE GUN - METERS
No. |METERS -400 =300 -200 -100 0 100 200 300 |
0 0

100 0 1 1 1
200 0 2 2 3
300 0 2 3 5
400 [ 2 i 7
500 0 3 s 8
600 0 3 6 10
700 0 3 7 1
800 0 4 8 12
900 0 4 9 14
1000 0 5 10 15
1100 0 5 10 16
1200 0 5 11 18
1300 0 [ iz is
1400 .8 0 [ 13 20
1500 P 0 7 14 22
1600 7 0 7 15 23
1700 7 0 8 16 25
1800 ) 0 8 17 26
| 1900 8 ] 9 18 27
2000 17 9 0 9 19 29
2100 47 9 0 10 20 30
2200 18 £ [ 10 20 32
2300 .19 -10 0 10 21 a3
2400 -29 20 -10 0 1 22 35
2500 31 21 11 0 11 23 36
2600 -32 -22 -11 12 24 38
2700 -34 -23 -12 0 12 25 39
2800 46 -36 24 12 0 13 26 41
2900 48 37 . 13 ') 13 27 42

3000 -50 -38 26 13 0 14 281 44
2100 .51 42 27 i3 0 1" 0 4s
3200 -63 -41 -28 -14 0 15 31 47
3300 -66 42 20 16 0 15 32 49
3400 -87 44 1§ 0 16 33 50
3500 -89 46 31 18 0 17 34 52

7-9
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FT 155-AM-2 TABLEB CHARGE
4G

PROJ, HE, M107 COMPLEMENTARY RANGE

FUZE, PD, M357 LINE NUMBER

CHANGE IN RANGE, IN METERS,
TO CORRECT FOR COMPLEMENTARY ANGLE OF SITE

LINE NUMBERS OF METEOROLOGICAL MESSAGE

HEIGHT OF TARGET ABOVE GUN - METERS RANGE | LINE

400 500 €00 700 900 900 1000 |METERS|NO.
0
2 7 8 10 12 13 23 100
6 10 12 15 17 20 29 200
7 13 16 19 22 26 300
10 400
12 15 19 23 27 31 36 500
14 18 22 27 32 37 42 600
15 20 25 N 36 42 48 700
17 23 28 M4 40 47 53 800
19 25 AN 38 44 52 39 900
21 27 M4 4 49 36 64 1000
23 30 37 44 52 61 70 1100
25 32 40 48 56 65 75 1200
26 34 42 54 60 70 80 1300
28 36 45 55 64 74 85 1400
a0 39 48 88 68 79 90 1500
32 “ 81 61 72 84 95 1600

34 4 54 (-] 76 88 101 1700 3
36 46 57 68 80 93 106 1800
38 48 60 72 84 97 111 1900
40 89 63 75 88 102 116 2000
4 53 66 79 92 107 122 2100
43 56 69 82 96 11 127 2200
45 58 72 86 101 116 132 2300
47 61 75 90 108 121 138 2400
49 63 78 93 109 126 143 2500
81 66 81 97 114 131 149 2600
83 69 84 101 118 136 158 2700
56 Ia) e7 108 122 14 160 2800
58, 74 LAl 108 127 146 166 2900,
60| 77 94 112 131 151 172 3000
62 79 97 116 136 187 178 3100
64 82 104 120 144 162 184 3200
66| -] 104 128 146 168 181 3300
69| 88 108 129 151 173 197 3400
™ 91 112 133 156 179 203 3800

Figure 7-11. Table B (Continued).
7-6. Table D

a. Table D is used in the solution of concurrent and subsequent met. The values extracted
from the table are standard departure of air temperature and density as a function of height. They
have been converted to a percentage of standard. This table provides a correction based on a standard
departure to correct the temperature and density in the met message (which is measured at the altitude
beginning at the meteorological datum plane [MDP]) to values as if they would be measured initially
from the unit altitude.

b. Table D is entered with the height of the unit above or below the MDP or met station.
The difference in height is entered on the left side in hundreds of meters and along the top of the table
in tens of meters. Extract the corrections to density and temperature from the intersection of the two
columns. (See Figure 7-13.)
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cuixgse TABLE C FT 155-AM-2

WIND COMPONENTS PROJ, HE, M107
FUZE, PD, M557

COMPONENTS OF A ONE KNOT WIND

CHART CROSS RANGE CHART CROSS RANGE
DIRECTION WIND WIND DIRECTION WIND WIND
OF WIND OF WIND
MIL KNOT KNOT MIL KNOT KNOT
0 0 Hi.00 3200 0 T4.00
100 R.10 H.99 3300 L.10 T.99
LUV R.2U H.98 3400 L.20 1.98
300 R.29 H.96 3500 L.29 T.96
400 R.38 H.92 3600 L.38 T.52
500 R.A7 H.88 3700 L.47 T.88
600 R.56 H.83 3800 L.56 T.83
700 R:63 H.77 3900 L63 177
800 R.71 H.71 4000 L.71 T.71
900 R.77 H.63 4100 L.77 T.63
1000 R.83 H.58 4200 L.83 T.56
1100 R.88 H.47 4300 (88 T.47
1200 R.92 H.38 4400 L.92 T.38
1300 R.96 H.29 4500 L.96 T.29
1400 R.98 H.20 4600 L.98 T.20
1500 R99 H:10 4700 L.99 T:10
1600 R1.00 0 4300 L1.00 0
1700 R.99 T.10 4900 L.99 H.10
1800 R.98 T.20 5000 L.98 H.20
1900 R.96 T.29 5100 L.96 H.29
2000 R.92 T.38 5200 L.92 H.38
2100 R.88 T.47 5300 L.88 H.47
2200 R.83 T.56 5400 L.83 H.56
49UV K./ 1.0 IIVUU L./ .09
2400 R.71 T.71 5600 L7 H.71
2500 R.63 T.77 5700 L.63 H.77
2600 R.56 T.83 5300 L.56 H.83
2700 R.47 T.88 5900 L.47 H.88
2800 R.38 T.92 6000 L.38 H.92
rEAE N R
R. . . .
3100 R10 T.99 6300 1] 189
3200 0 T1.00 6400 0 H1.00

Figure 7-12. Table C.
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FT 155-AM-2 TABLED CHARGE
4G

PROJ, HE, M107 TEMPERATURE

FUZE, PD, M557 AND DENSITY CORRECTIONS

CORRECTIONS TO TEMPERATURE (DT) AND DENSITY (DD), IN PERCENT,
TO COMPENSATE FOR THE DIFFERENCE IN ALTITUDE,
IN METERS, BETWEEN THE BATTERY AND THE MDP

DH 0 +10- +20- | +30- +40- +50- | +60- | +70- | +80- | +90-

0 DT| 0.0 0.0 0.0 0.1+ | -0.1+ | -0.1+ | -0.1+ | -0.2+ | -0.2+ |-0.2+
DD| 0.0 | -0.1+ | -0.2+ | -0.3+ | -0.4+ | -0.6+ | -0.6+ | -0.7+ | -0.8+ |-0.8+
+100- DT | -0.2+ | 0.2+ | -0.2+ | -0.3+ | -0.3+ | -0.3+ | -0.3+ | -0.4+ | -0.4+ |-0.4+
DD | -1.0+| 1.1+ | 1.2+ | 1.3+ | -1.4+ | 1.5+ -1.6+ | -1.7+ | 1.8+ |-1.8+
+200- DT | -0.6+| -0.6+ | -0.56+ | -0.6+ | -0.6+ | -0.6+ | -0.6+ | -0.7+ | -0.7+ |-0.7+
DD | -2.04| 2.1+ | 2.2+ | 2.3+ | -24+ | -2.6+ | -2.6+ | -2.7+ | -2.8+ |-2.8+
+300- DT | -0.7+| -0.7+ | -0.7+ | -0.8+ | -0.8+ | -0.8+ -0.8+ | -0.9+ | -0.9+ | -0.9+
DD | -3.0+#| -3.4+ | -3.2+ | -3.3+ | -3.4+ | -3.6+| -3.6+ | -3.7+ | -3.8+ |-3.8+

NOTES - 1. DH IS BATTERY HEIGHT ABOVE OR BELOW THE MDP.
2. IF ABOVE THE MDP, USE THE SIGN BEFORE THE NUMBER.
3. IF BELOW THE MDP, USE THE SIGN AFTER THE NUMBER.

Figure 7-13. Table D.

7-7. Table E

a. Table E is used in the solution of concurrent and subsequent met. The extracted
values list the effect on muzzle velocity (in meters per second) of nonstandard propellant
temperatures.

b. Table E is entered with the temperature of the propellant in degrees Fahrenheit by
using the left column or Celsius by using the right column. An effect in meters per second is
extracted from the center column. This is the change in muzzle velocity because of the
temperature of the propellant. Interpolation is needed to determine precise values from this table.
(See Figure 7-14.)

7-8. Table F

a. Table F lists information needed to determine firing data to attack a target and for
solving concurrent and subsequent met. Table F is comprised of 19 columns. Columns 2
through 7 provide information for the computation of basic firing data and are based on a set of
standard conditions. The remaining columns provide corrections to range and deflection for
nonstandard conditions. The asterisks extending across the table denote the changeover point
from low-angle to high-angle fire. (See Figure 7-15.)

(1) Range (Column 1). This is the distance measured from the muzzle to the target
on the surface of a sphere concentric with the earth. When range is used as the entry argument
for this table, it is expressed to the nearest 10 meters. Interpolation is necessary.
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(2) Elevation (Column 2). This is the angle that the cannon tube is elevated from
the horizontal plane (base of trajectory) to cause the round to impact at the level point for a given
range. The elevations listed are the elevations required under standard conditions to achieve the

ranges listed in column 1.

(3) Fuze setting for a graze burst (M564) (Column 3). This is the number of
fuze setting increments necessary to cause the fuze to function at the level point at the given
range under standard conditions. The values listed are for fuzes M564 and M565. The values are

expressed in fuze setting increments.

(4) Change in fuze setting (AIFS) per 10-meter decrease in height of burst
(Column 4). This is the adjustment to fuze setting required to decrease the height of burst 10
meters along the trajectory. To increase the HOB, change the sign of the value given in the table.

(5) Change in range per 1-mil change in elevation (Column 5). This is the
number of meters change in range, along the gun target line, that would result from a 1-mil
change in elevation.

TABLE E
PROPELLANT TEMPERATURE
EFFECTS ON MUZZLE VELOCITY DUE TO PROPELLANT TEMPERATURE
TEMPERATURE EFFECT TEMPERATURE
OF ON OF
PROPELLANT VELOCITY PROPELLANT
DEGREES F ws DEGREES C
-0 6.4 ~40.0
30 56 344
-20 48 -28.9
-10 4.2 -23.3
] 35 -17.8
10 2.9 12.2
20 2.4 6.7
30 1.8 1.1
40 -1.3 44
50 0.9 10.0
04 . 15.6
60
70 0.0 211
80 0.4 26.7
90 0.8 32.2
100 1.2 378
110 17 433
120 21 48.9
130 25 54.4

Figure 7-14. Table E.
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7-14

FT 155-AM-2
CHARGE TABLEF PROJ, HE, M107
4G '
BASIC DATA FUZE, PD, M567
4 2 3 4 & s t g | ¢
R E FS FOR DFS DR F | TIME AZIMUTH
A L GRAZE PER PER o OF CORRECTIONS
N E BURST 10M 1ML R |FLUGHT
[ v DEC | DELEV | K DRIFT | CW
E FUZE HOB (CORR OF
MS64 TOL) | 1KNOT
M MIL M MIL| SEC MIL MIL
0 0.0 20 1 0.0 0.0 0.00
100 5.1 20 11 03 0.0 | 0.01
200 10.1 20 1 0.6 0.0 0.01
300 15.2 20 1 1.0 0.1 0.01
400 20.3 20 1 13 0.1 0.02
500 254 19 1 1.6 0.2 0.02
600 30.6 19 1.06 19 1 1.9 0.3 0.03
700 35.8 2.2 0.91 19 1 2.3 0.4 0.03
800 a1 25 | 878 | 18 | 1 28 85 | 004
900 464 28 0.71 19 1 29 0.6 0.04
1000 51.7 3.2 0.63 19 1 3.2 0.7 0.04
1100 571 35 0.57 19 1 3.6 0.8 0.05
1200 62.5 3.8 0.53 18 1 3.9 08 0.05
1300 67.9 4.2 0.48 18 1 4.3 0.9 0.05
1400 734 4.6 045 18 1 4.6 1.0 0.06
1500 789 4.9 0.42 18 1 4.9 1.1 0.06
1600 844 6.2 0.39 18 2 6.3 1.2 0.07
1700 20.0 55 | 037 18 2| 58 13 | 007
1800 95.6 59 0.36 18 2 6.0 14 0.07
1900 1013 6.2 0.33 18 2 6.3 1.6 0.08
2000 107.0 6.6 0.31 17 2 6.7 1.7 0.08
2100 112.8 6.9 0.30 17 2 7.0 1.8 0.08
2200 118.6 73 0.28 17 2 7.4 1.9 0.09
2300 1244 1.6 0.27 17 2 7.7 20 0.09
2400 i30.3 8.0 0.28 i7 2 8.4 2.9 0.08
2500 136.2 8.3 0.256 17 2 8.4 2.2 0.10
2600 1422 87 | 024 17 2| 88 23 | 0.0
2700 148.2 9.1 0.23 17 2 9.2 25 0.10
2800 1543 9.4 0.22 16 2 9.5 2.6 0.11
2900 1604 9.8 0.21 16 3 9.9 27 0.11
3000 166.6 10.2 0.20 16 3 |103 29 0.12
3100 1729 10.6 0.20 16 3 | 10.6 3.0 0.12
3200 179.2 10.9 0.19 16 3 (110 3.1 0.12
3300 i86.6 1.3 0.18 16 3| 114 3.2 .13
3400 1919 1.7 0.18 16 3 | 118 34 0.13
3500 1984 12.0 0.17 15 3 | 122 3.5 0.13
Figure 7-15. Tabie F.
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FT 155-AM-2

PROJ, HE, M107
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Figure 7-15. Table F (Continued).
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(6) Fork (Column 6). This is the change in the angle of elevation needed to
produce a change in range, at the level point, equivalent to 4 probable errors in range.

(7) Time of flight (Column 7). This is the number of seconds needed for the round
to travel from the muzzle to the level point at the given elevation. This column is also used to
determine the fuze setting for mechanical time fuzes M582 and M577 and variable time fuzes
M728 and M732.

(8) Azimuth correction for drift (Column 8).This is the number of mils added to
deflection to compensate for the drift of the projectile. Because projectiles drift right when fired,
the drift correction will be to the left.

(9) Azimuth correction for a crosswind of 1 knot (Column 9).This is the
correction, in mils, needed to correct for a 1-knot crosswind.

b. Columns 10 through 19 list range corrections for muzzle velocity, range wind, air
temperature, air density, and projectile weight. These corrections are used in the solution of
concurrent and subsequent met.  Correction factors correspond to increases or decreases in
relation to standard values for muzzle velocity, air temperature, air density, and projectile weight,
except the correction factors for range wind. The correction factors for range wind are listed for
both head and tail winds. The factors listed assume that all other conditions are standard.

(1) Correction for a 1 meter-per-second decrease or increase in muzzle velocity
(Columns 10 and 11). This is a correction to range to compensate for a 1 meter-per-second
decrease or increase in muzzle velocity.

(2) Correction for a head wind or tail wind of 1 knot (Columns 12 and 13).
This is a correction to range to compensate for a head wind or tail wind of 1 knot.

(3) Correction for a 1 percent decrease or increase in air temperature
(Columns 14 and 15). This is a correction to range to compensate for a decrease or increase in
air temperature of 1 percent of standard.

(4) Correction for a 1 percent decrease or increase in air density (Columns 16
and 17). This is a correction to range to compensate for a decrease or increase in air density of 1
percent of standard.

(5) Correction for a 1 square decrease or increase in projectile weight
(Columns 18 and 19). This is a correction to range to compensate for a decrease or increase of 1
square in projectile weight.

7-9. Extracting Basic HE Data From Table F

Data may be extracted from Columns 1 through 8 of Table F to compute firing data. It is
necessary to relate the data extracted to an entry argument. An element of data is said to be a
fiction of another element when changes in one of the elements will cause a change in the other.

a. Elevation is a Function of Range. Enter Column 1 with range expressed to the
nearest 10 meters, and extract the elevation to the nearest 1 mil from Column 2.

b. Fuze Setting is a Function of Elevation. Enter Column 2 with the elevation
expressed to the nearest mil, and extract the fuze setting expressed to the nearest 0.1 of an
increment from Column 3 for fuzes M564 and M565. Extract the fuze setting expressed to the
nearest 0.1 of a second from Column 7 for fuzes M582 and M577.
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C. AFS for 10-Meter Decrease in HOB is a Function of Fuze Setting.Enter Column
3 for fuzes M564 and M565 or Column 7 for fuzes M582 and M577 with the fuze setting
expressed to the nearest 0.1. Extract the AFS expressed to the nearest 0.01 from Column 4.

d. D Range for a 1-Mil D Elevation is a Function of Elevation. Enter Column 2 with
the elevation expressed to the nearest mil, and extract the change in range for a 1-mil change in
elevation expressed to the nearest meter.

e. Time of Flight is a Function of Elevation.Enter Column 2 with the elevation
expressed to the nearest mil, and extract the time of flight expressed to the nearest whole second
from Column 7.

_f. Variable Time Fuze Setting is a Function of Elevation. Enter Column 2 with the
elevation expressed to the nearest mil, and extract the time of flight expressed to the nearest 0.1
second from Column 7. Express down to the whole second,

g. Drift is a Function of Elevation. Enter Column 2 with the elevation expressed to
the nearest mil, and extract the drift expressed to the nearest 1 mil from Column 8.

7-10. Table G

Table G is the table of supplementary data containing probable error information and
certain trajectory elements. For ranges not listed, data can be determined through interpolation.
The entry argument for this table is range (Column 1). Elevation corresponding to that range is
listed in Column 2 for quick reference. The asterisks extending across the table denote the
changeover point from low-angle to high-angle fire. (See Figure 7-16.)

a. Probable Error (Columns 3 through 7). Probable error is defined as the error for a
particular charge, and range or elevation that is exceeded as often as it is not exceeded. These
errors are based on the standard probability curve and are explained in more detail in Chapter 3.

b. Probable Error in Range to Impact (Column 3). Probable error in range is a value
In meters that, when added to and subtracted from the range at the mean point of impact along the
gun-target (GT) line, will produce an interval that should contain 50 percent of all rounds fired.
PERwill vary according to the charge and range.

c. Probable Error in Deflection at Impact (Column 4). Probable error in deflection is
a value in meters when applied to the right and left of the mean point of impact, will produce an
interval parallel to the line of fire that should contain 50 percent of the rounds fired. PEp will
vary based on charge and range.

d. Probable Error in Height of Burst (Column 5). Probable error in height of burst is
a value in meters which, when added to and subtracted from the expected height of burst, will
define an area that should contain 50 percent of the rounds freed. The factors that contribute to
PEHB include variations in the functioning of the time fuze.

_e. Probable Error in Time to Burst (Column 6). Probable error in time to burst is a
value in seconds, which when added to and subtracted from the expected time to burst, will
produce a time interval that should contain 50 percent of the rounds fired.

1-17
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CHﬁgGE TABLE G FT 155-AM-2
SUPPLEMENTARY DATA PROJ, HE, M107
FUZE, PD, M§77
1 2 3 4 | 5 6 7 8 S 10 11 12 13
R E PROBABLE ERRORS ANGLE| COT (TML| MO COMP SITE
A L OF |ANGLE|VEL FOR
N E FUZE M564 FALL | OF ANGLE OF SITE
G Vv FALL +1 MIL -1 MIL
E R | D |HB| TB RB SITE SITE
M | ML |M|/M/ MI|SEC/M | ML WS M oML | ML
0 0.0 4/ 0 0 316 0| 0.000| 0.000
500 25.4 4, 0 26| 39.4308 0/ 0.001]| 0.000
1000 51.7 5|1 1/ 0.06 | 18 53} 19.1 (301 13| 0.002| -0.002
1500 78.9 701 2/ 0.07 | 19 83| 12.3|296 30| 0.005| .0.005
2000 107.0 8| 1 2(0.07 | 21 113 9.01290 54| 0.010| -.0.010
2500| 136.2 9 2 3(0.08 | 22 146 6.9 | 285 87| 0.017 | -0.018
3000 166.8 1] 2 41008 | 23 180 5612800 129! 0026 | -0.024
3500 198.4 12| 2 5| 0.09 | 25 217 46|276| 181 | 0.038 | -0.035
4000 231.7 14| 3 71 0.09 | 26 256 3.9(272] 244 | 0.054 | -0.049
4500 267.0 16| 3 8| 0.10 | 27 297 3.3|268| 319 | 0.075| -0.068
5000 304.5 18| 4 10 0.11 | 29 341 2.9 |265| 410| 0.103 | -0.093
5500| 344.9 20| 4 12| 0.11 | 30 389 251262 517 0.142) -0.125
6000! 389.0 23| 5 14| 0.12 | 32 441 2.2|259| 647 | 0.199 | -0.171
6500 438.3 25 5 17 0.13 { 33 500 1.9(257| 804| 0.287 | .0.238
7000| 495.5 28| 6 201 0.14 | 35 566 1.6 (255 1002 | 0.445 | -0.347
7500| 566.7 311 7 | 24| 0.15 | 37 647 ‘1.4 1254, 1269 | 0.831 1 .0.553
8000, 8774 | 34, 8 32)0.17 | 39 768 i1 (255 1714 -1.191
e e e e e e e e e e e e e e e e Fepe o e e o e e e o o e de e Yo %;&u;&******‘*******&;,‘x e % Y Je Y Y 7 e e e e e e e A e e fe e e e
8000| 886.8 37| 9 | 46| 0.19 | 38 977 0.7 (260| 2597 2.216
7500 996.2 | 35|10 | 53| 0.21 | 35 1078 0.6 [263| 3042 | .71.849 | 1.576
7000 | 1066.3 3210 | 57, 0.21 | 32 | 1142 0.5 1265 3309 | -1.461 4.367
6500 | 1122.1 30 9 | 60| 0.22 | 30 1193 0.4 (267 3508 | -1.301 1.255
9900 1169.8 27( 9 | 63|0.22 | 27 | 1238 0.4 1268} 3665 | -7.208 | 1.183
5500 | 1211.6 241 9 65| 0.22 | 24 | 1279 0.3 269 3793 | -1.146 | 1.131
5000 | 1248.5 21| 8 | 67| 0.23 | 21 1317 0.3 {269 3897 | -1.101 1.092
4500 | 1280.7 8 | 690.23 | 18 1355 0.2 (269 3980 | -1.066 | 1.061

Figure 7-16. Table G.
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f. Probable Error in Range to Burst (Column 7). Probable error in range to burst is a
value in meters which, when added to and subtracted from the expected range to burst, will
produce an interval along the line of fire that should contain 50 percent of the rounds fired.

g. Angle of Fall (Column 8). The angle of fall is the value in mils of the least angle
measured clockwise from the horizontal to a line tangent to the trajectory at the level point.

h. Cotangent of Angle of Fall (Column 9). The cotangent (cot) angle of fall is the
trigonometric function of the angle of fall. When the probable error in range is divided by this
factor, the quotient is the vertical probable error. The vertical probable error is the height
expected to contain 25 percent of the impacts when firing onto a vertical face.

I. Terminal Velocity (Column 10). The terminal velocity (tml vel) is the speed of the
projectile at the level point under standard conditions.

J. Maximum Ordinate (Column 11). The maximum ordinate (MO) is the height of the
summit above the origin in meters. This is the height of the trajectory above the howitzer
expressed in meters under standard conditions.

k. Complementary Angle of Site for Each Mil of Angle of Site (Columns 12 and
13). This is the correction termed the complementary site factor (CSF) which must be
algebraically added to each mil of angle of site to compensate for the nonrigidity of the trajectory.
When the CSF is multiplied by the absolute value of the angle of site, the product is the
complementary angle of site.

7-11. Table H

a. Table H is used in the solution of concurrent and subsequent met. The extracted
value is the correction to range in meters for the rotation of the earth at 0° latitude. A correction
for any other latitude is extracted from the small table at the bottom of Table H and is multiplied
by the correction from the table. The asterisks extending across the table denote the changeover
point from low-angle to high-angle fire.

b. Table H is entered along the left side with the entry range expressed to the nearest 500
meters and along the top or bottom with the exact azimuth (to the nearest mil) to the target (direction
of fire) expressed to the nearest listed value. For example, if the azimuth to the target is 1,499 mils,
enter Table H with 1400. Whenever the solution determined is exactly halfway between two entry
arguments for azimuth to the target use the next higher value. (See Figure 7-17.)

7-12. Table |

a. Table | is used in the solution of concurrent and subsequent met. There are tables for
every 10° latitude starting from 0° north or south latitude to 70° north or south latitude. The
extracted value is the correction to deflection in mils, for the rotation of the earth. The asterisks
extending across the table denote the changeover point from low-angle to high-angle free.

b. Table I is entered along the left side with the entry range expressed to the nearest 500
meters and along the top (for northern latitudes), with the exact azimuth (to the nearest mil) to
the target (direction of fire) expressed to the nearest listed value. For example, if the azimuth to
the target is 1,499 mils, enter Table | with 1600. For southern latitudes, you enter from the
bottom with the exact azimuth (to the nearest mil) to the target (direction of fire) expressed to
the nearest listed value. Whenever the solution determined is exactly halfway between two entry
arguments for azimuth to the target, use the next higher value. (See Figure 7- 18.)
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FT 155-AM-2 TABLE H CHi\gGE
PROJ, HE, M107 ROTATION - RANGE
FUZE, PD, M577
CORRECTIONS TO RANGE, IN METERS, TO COMPENSATE
FOR THE ROTATION OF THE EARTH
AZIMUTH OF TARGET - MILS
RANGE| © 200 400 600 800 1000 1200 1400 1600
METERY 3200 3000 2800 2600 2400 2200 2000 1800 1600
500 0 0 i+ -+ 2+ 2+ 2+ -2+ -2+
1000 0 -1+ -2+ 2+ 3+ 4+ 4+ 4+ 4+
1500 0 A+ -3+ -4+ 5+ -5+ £+ £+ -7+
2000 0 -2+ -3+ -5+ 84 T+ 8+ 84+ 9+
2500 0 -2+ 4+ £+ T+ -9+ -10+ -10+ 10+
3000 0 -2+ 5+ T+ 9+ 10+ | 11+ | -i2+ | -12+
3500 0 3+ 5+ -8+ 10+ A2+ | 13+ | 14+ | 14+
4000 0 3+ £+ 9+ | 11+ 13+ | 14+ | -16+ -16+
4500 0 -3+ £+ 9+ 12+ 14+ -16+ -16+ A7+
5000 0 4+ T+ 10+ 13+ 15+ A7+ -18+ -18+
5500 0 A+ T+ | A1+ | 14+ | -6+ | 18+ | 19+ | 18+
6000 0 4+ 8+ | A1+ | 14+ | 17+ | 18+ | 20+ | -20+
6500 0 4+ 8+ | 11+ 14+ -1_7’4- 124— 'Eﬁ .§9+
L7, 9. 7.% ~ A [ A4 ALy = L9 = T . - L 3
FAVIIY) U -_v T «J|¥ -j|JT S Siw Sl ¥ Sde
7500 0 4+ 8+ 41+ 14+ A7+ 18+ | -20+ -20+
8000 0 -3+ T+ | 10+ -13+ -15+ -16+ A7+ -“18+
8000 0 2+ -3+ -5+ B+ -7+ 8+ 9+ 9+
7500 0 -1+ -1+ A+ 2+ -2+ -2+ -3+ -3+
7000 0 0 +1- +1- +1- +1- +2- +2. +2-
6500 | © +1- | 42| 43| +4- | 45 46 45-] 46-
0 +2- +3- +5- +6- +- +8- +9- +9-
gggg 0 +2- +5- +7- +9- | +10-| +11-] +12-| +12-
5000 0 +3- +6- +9- | +12- +14-| +15- +16- | +16-
4500 0 +4- +8-| +12-| +15- ] +18-| +20-| +21-| +22-
3200 3400 3600 3800 4000 4200 4400 4600 4800
6400 6200 6000 5800 5600 5400 5200 5000 4800
AZIMUTH OF TARGET - MILS
NOTES - 1. WHEN ENTERING FROM THE TOP USE THE SiGN BEFORE THE NUMBER.
2. WHEN ENTERING FROM THE BOTTOM USE THE SIGN AFTER THE NUMBER.
3. AZIMUTH IS MEASURED CLOCKWISE FROM NORTH.
4. CORRECTIONS ARE FOR 0 DEGRESS LATITUDE. FOR OTHER LATITUDES
MULTIPLY CORRECTIONS BY THE FACTOR GIVEN BELOW.
LATITUDE (DEG) 10 20 30 40 ) 60 70
MULTIPLY BY .98 94 .87 77 .84 .60 34

Figure 7-17. Table H.
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c“i‘GRGE TABLE I FT 155-AM-2
ROTATION - AZIMUTH PROJ, HE, M107
FUZE, PD, M557
CORRECTIONS TO AZIMUTH, IN MILS, TO COMPENSATE
FOR THE ROTATION OF THE EARTH
0 DEGREES LATITUDE

AZIMUTH OF TARGET - MILS
RANGE 0 400 800 1200 1600 2000 2400 2800 3200
METERS | 6400 6000 5600 5200 4800 4400 4000 3600 3200
500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1000 0.0 00| 00| 0o | oo | 00 | oo | 00 | oo
1500 0.0 0.0 | 0.0 | o0 | 00 | 00 | 00 | 00 | o0
2000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2500 00 | 00 | 00 | 00 | o0 | 00 | 00 | 0.0 | 0.0
3000 00 | 60 | 00 | 00 [ 00 |00 |00 | 00 | 00
3500 | RO.1L |[RO.1L | 00 | 00 | 00 | 00 | 00 |Lo1R |Lo.1R
4000 RO.1L {RO.1L [RO.1L 0.0 0.0 0.0 L0.iR |LO0.iR |LO.1iR
4500 | RO.1L |RO.1L |[RO.4L | 00 | 0.0 | 0.0 |L01R |LO4R |L0.1R
5000 RO.1L |R0.1L |RO.1L |RO.1L 0.0 LO.1R |LO.1R |LO.1R |LO.1R
5500 | RO.2L |Ro.2L [RO.1L |R0O.1L | 0.0 {L0.1R |L0.1R [L0.2R |L0.2R
6000 R0.2L |R0.2L }RO0.2L [RO.1L 0.0 L0.1R {LO0.2R |LO.2R |{LO0.2R
6500 | RO.3L [RO.3L |Ro.2L |ROL | 0.0 |Lo.1rR [L0.2R [L0.3R [L0.3R
7000 | RO.4L |R0.3L [RO.3L |RO.1L | 0.0 |L01R |L0.3R |L0.3R |L0 4R
7500 RO.5L |R0.4L |RO.3L |RO.2L 0.0 L0.2R |LO0.3R |L0.4R |LO.5R
8000 | RO.7L |RO.6L |R0.5L |RO.3L | 0.0 |L0.3R [L0.5R |L0.6R |L0.7R
8000 | R1.3L [R1.2L !RO.SL [Ro.sL | 0.0 |Lo.5R [Lo.9R [L1.2R [L1.3R
7500 R1.7L |R1.6L |R1.2L [RO.7L 0.0 |LO.7R |L1.2R [L1.6R |L1.7R
7000 R2.1L |[R2.0L [R1.5L jRO.BL 0.0 |L0.8R ]L1.5R |L2.0R |L2.1R
§500 R2.5L jR2.3L jR1.8L IRG.SL 0.0 ILG SR |L1.8R |L2.3R [L2.5R
6000 | R2.8L |[R2.3L |[R2.0L |R1.1L | 0.0 |c1.1R |L2.0R |L2.6R |L2:8R
5500 | R3.2L [R3.0L [R2.3L |R1.2L | 0.0 |L1.2R |L2.3R |L3.0R |L3.2R
5000 | R3.6L |R3.4L [R2.6L |R1.4L | 0.0 |L1.4R |L2.6R |L3.4R |L3.6R
4500 R4.0L |R3.7L |R2.8L |R1.5L 0.0 |L1 5R |L2.8R |L3.7R |L4.0R
3200 2800 2400 2000 1600 1200 800 400 O
3200 3800 4000 4400 4800 5200 5600 8000 ©400

AZIMUTH OF TARGET - MILS

0 DEGREES LATITUDE

Figure 7-18. Table I.
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7-13. Table J

a. Table J is used in the solution of concurrent and subsequent met. Data in this table
are arranged in 11 columns. Each column lists a fuze setting correction needed to compensate for
the effects of nonstandard conditions.

b. The fuze setting used as an entry argument corresponds to the adjusted elevation from
a registration (concurrent met) or corresponds to the elevation determined in the solution of a
subsequent met. (See Figure 7-19.)

(1) Fuze setting (Column 1).  The FS corresponding to the adjusted elevation
expressed to the nearest whole increment is the entry argument for Table J.

(2) Correction for a 1 meter-per-second decrease or increase in muzzle velocity
(Columns 2 and 3). This is the correction for the FS to compensate for a 1 meter-per-second decrease
or increase in muzzle velocity.

~ (3) Correction for ahead wind or tail wind of 1 knot (Columns 4 and 5). This is the
correction to FS to compensate for a head wind or tail wind of 1 knot.

- (4) Correction for a 1 percent decrease or increase in air temp (Columns 6 and 7).
This is the correction to FS to compensate for a decrease or increase in air temperature of 1 percent of
standard.

~ (5) Correction for a 1 percent decrease or increase in air density (Columns 8 and
9). Tdhlsd Is the correction to FS to compensate for a decrease or increase in air density of 1 percent of
standard.

_(6) Correction for a 1 square decrease or increase in projectile weight (Columns 10
and %1). This is the correction to FS to compensate for a decrease or increase of 1 square in projectile
weight.

7-14. Table K
Table K provides corrections to be applied to M564 fuze settings when time fuze
M520A1 is being fired. (See Figure 7-20.)

7-15. llluminating Projectiles

a. llluminating projectiles are available for the 105-mm and the 155-mm howitzers.
They are used to illuminate a designated area for observing enemy night operations, for adjusting
artillery fires at night, for marking locations, or for harassment purposes.

b. llluminating projectiles are base-ejecting projectiles fired with mechanical time fuzes.
The filler consists of an illuminating canister and a parachute assembly. The FDO selects the
charge to fire, selecting the lowest practical charge to prevent a malfunction caused by the
parachute ripping when the flare is ejected from the projectile. The two models of illuminating
projectiles for the 105-mm howitzer are the M314A2 and the newer M314A3, which has a
slightly longer burning time.  The 155-mm howitzer also has two models of illuminating
projectiles. These models are the M118 and the newer M485A2, which has a significant increase
In illumination time.

NOTE: Data are no longer provided for the M118 projectile. Part 2 of the 155-AM-2 TFT applies
to the M485 series only).

~ c.Part 2 of the 105-mm and 155-mm HE TFT provide data for the illuminating
projectile. Most illumination data are provided in a single table. However, TFT may contain
additional tables to provide corrections for mechanical time fuzes other than that tabulated in the
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first table. When more than one table is provided, the tables are identified by letters. The shaded
portion of Columns 1 and 2 indicate function during the ascending branch.

FT 155-AM-2 TABLE J CHA4I'EGE
PROJ, HE, M107 FUZE CORRECTION FACTORS
FUZE, MTSQ, M564
1 2 3 4 5 6 7 8 9 10 11
FS FUZECORRECTIONS FOR
MUZZLE RANGE AIR AIR PROJWT
VELOCITY WIND TEMP DENSITY OF 1 SQ
1PCT (4 SQ STD)
DEC INC DEC INC
35 .019 127
36 .020 131
37 .021 135
38 .022 .138
39 .023 142
40 .024 .146
41 .025
42 .02¢6
43 .027
44 .027
45 .028
46 .029
47 030
48 .031
49 032
50 .033
51 .033
52 .034
83 .035
54 .036
55 .037
56 .038
57 041
58
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CHARGE TABLE K FT 155-AM-2

4G
FUZE SETTING PROJ, HE, M107
FUZE, MTSQ, M520A1

CORRECTIONS TO FUZE SETTING OF FUZE, MTSQ, M564 FOR
FUZE, MTSQ, M520A1

FUZE SETTING
FUZE M564 CORRECTIONS
FROM TO
2.0 22 0.2
23 5.9 0.3
6.0 9.7 0.4
9.8 13.5 0.5
13.6 17.3 0.6
17.4 211 0.7
21.2 24.9 0.8
25.0 28.7 0.9
28.8 32.5 1.0
326 36.3 1.1
36.4 40.1 1.2
40.2 43.9 1.3
44.0 47.7 14
47.8 §1.5 15
51.6 55.3 1.6
55.4 §8.0 1.7

Figure 7-20. Table K.

(1) Table A. Table A provides firing data and corrections to firing data for
illuminating projectiles.

(a) Range to target (Column 1). This is the distance measured from the
muzzle to the target on the surface of a sphere concentric with the earth. When range is used as
the entry argument for this table, it is expressed to the nearest 10 meters.

(b) Quadrant elevation (Column 2). This is the angle of the tube in the
vertical plane. This QE, when used in conjunction with the fuze setting given in Column 3,
produces an airburst such that the ignition of the illuminant occurs 600 meters (105-mm is 750
meters) above the level point at the given range.

(c) Fuze setting (Column 3). This is the fuze setting for the M565 fuze. When
used in conjunction with the QE given in Column 2, it produces an airburst such that the ignition
of the illuminant occurs 600 meters above the level point at the range (105-mm is 750 meters).

(d) Change in QE and FS for an increase of 50 meters in HOB (Columns 4
and 5). These corrections are added to the QE and FS to increase the height of burst by 50
meters. By changing the sign of the correction, the factor is used to lower the height of burst.
This factor is also used to correct the QE and FS from Columns 2 and 3 for the VI. These factors
must be applied in conjunction with each other.
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(e) Range to fuze function (Column 6). This is the horizontal distance from
the gun to the point at which the fuze functions.

() Range to impact (Column 7). This is the horizontal distance from the gun
to the point at which a nonfunctioning projectile will impact.

(2) Table B. Table B provides corrections to fuze setting for mechanical time
(MT), M565 to obtain a fuze setting for fuze MTSQ, M577. The corrections are either added to
or subtracted from the fuze setting of the MT, M565 fuze to obtain the fuze setting for fuze
MTSQ, M577.

7-16. TFT Part 3 and Part 4

Certain TFTs (for example, FT 105-H-7) provide data in two additional parts. Part 3
contains firing data for cartridge, HEP-T, M327 and consists of one table for a single charge.
Part 4 contains firing data for cartridge APERS, M546 and consists of one table for a single
charge.

7-17. Appendixes

The last portion of the TFT are the appendixes. They contain trajectory charts for HE
projectile. Altitude in meters above the origin is plotted against range in meters for every 100
mils of elevation. Time of flight, by 5-second intervals, is marked on the trajectory.

Section |1
Graphical Firing Tables

To eliminate the difficulties in computing firing data that result from the need
to interpolate, the graphical firing table was created. The GFT provides all the
information needed to compute firing data in a slide rule form.

7-18. Overview

a. Parts. All GFTs are made in two parts (Figure 7-21). The rule is a rectangular
wooden base on which is printed one or more sets of scales. With a few exceptions, GFTs are
printed on both sides. The second part of the GFT is the cursor. This is a transparent plastic
square that slides on the rule. Engraved in the plastic of the cursor is a manufacturer’s hairline
used to determine values from the scales.

c. Types. The basic GFT format is the same for all weapons. These formats may be
divided into three types: low-angle GFTs, high-angle GFTs, and shell illuminating GFTs.

d. Identification. All GFTs are labeled (Figure 7-22) for identification. The first line
of the label on low- and high-angle GFTs indicates the type weapon in bold type; that is, HOW
155mm. Immediately below the weapon type, in smaller print, is the identification of the TFT on
which the GFT is based; for example, “155AM2.” This is followed by the projectile type and
nomenclature, such as “HEMZ107.” The last line of identification of low-angle GFTs tells the
charge for which the GFT may be used, such as “CHARGE 4.” High-angle GFTs indicate the
trajectory “HIGH ANGLE.”  Shell illuminating GFTs (Figure 7-23) reverse the label with
“PROJECTILE ILLUMINATING” on the top and the weapon type on the bottom.
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Figure 7-21. Graphical Firing Table.
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PROJECTILE
ILLUMINATING

155AM2ILLM485

HOW 155mm

CHARGE
' Ve o

o1 ] =]

Figure 7-23. llluminating GFT Label.

7-19. Low-Angle GFTs

Low-angle GFTs are available for all weapon systems and were developed from the data
contained in the TFT of the weapon and projectile. All GFTs are printed with a base scale which
represents the data for the base projectile as indicated on the label; that is, “HEM107.” One or
][nlcl)re ICM/M825 scales may be provided above or below the base scale. The scales are as
ollows:

a. Drift Scale. This scale, which is printed in black, gives the projectile drift in mils.
Since the projectile drifts to the right, the drift correction is always made to the left. Each
elevation at which the drift is exactly halfway between the values is printed in red. Artillery
expression is applied to determine the value of drift at each of these elevations. In determining
drift, it is important to note that drift is a function of elevation. The corresponding portion of the
TFT is Table F, Column 8.

b. 100/R Scale. This scale lists the number of mils needed to move the burst laterally or
vertically 100 meters at a given range. The numbers on this scale are printed in red. The scale is
based on the mil relation formula g = W/R x 1.0186). 100/R is a function of range. There is no
corresponding table in the TFT for 100/R.

c. Range Scale. This scale is the base scale, and all other scales are plotted in relation
to it. Range is expressed in meters, The range scale was developed to give as large a range
spread as possible, and still permit graduations large enough for accurate readings. Range is read
to the nearest 10 meters. The corresponding portion of the TFT is Table F, Column 1.

d. Elevation Scale. This scale is graduated in mils and is read to the nearest mil. The
numbers on this scale are printed in red and black. The red numbers denote elevations that are
within range transfer limits for a one-plot GFT setting. The corresponding portion of the TFT is
Table F, Column 2.
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e. Time of Flight/Fuze Setting M582 Scale. This scale lists the time of flight and the
fuze settings for time fuzes M582, M577, M728, and M732 corresponding to a given elevation.
Time of flight is determined to the nearest whole second. Fuze settings for time fuzes M582 and
M577 are determined to the nearest 0.1 fuze setting increment. Fuze setting for fuze VT is
determined from the TF/M582 scale by vanishing the tenths and applying a .0. Time of flight and
the fuze settings for M582, M577, M728, and M732 are functions of elevation. The
corresponding portion of the TFT is Table F, Column 7.

f. Fuze Setting M564 Scale. This scale lists the&e settings for time fuzes M564 and
M565. The values are read to the nearest 0.1 fuze setting increment. Fuze settings for M564
and M565 are functions of elevation. The corresponding portion of the TFT is Table F, Column
3.

g. FS/10M HOB Scale. This scale lists the corrections to fuze setting for fuzes M582
or M564 that are needed to raise or lower the HOB 10 meters along the trajectory. FS/10M HOB
is a function of fuze setting. The corresponding portion of the TFT is Table F, Column 4.

NOTE: GFTs produced before 1983 include a fork scale. Fork represents the value, in
mils, of the change in the angle of elevation needed to produce a change in range of 4
PER at the level point. The corresponding potion of the TFT is Table F, Column 6.

h. Met Check Gauge Points. These are red equilateral triangles above the TF/M582
fuze setting scale. The apex of each triangle points to the QE that under standard conditions
results in the maximum ordinate of the trajectory passing through a whole line number of a met
message. The range and QE at the met check gauge points are preferred for registration aiming
points, for met plus velocity error (met + VE) computations, and for determining GFT settings.
There is no corresponding table in the TFT.

NOTE: Chapter 10 explains registrations and determining GFT settings, and Chapter 11
explains met + VE computations.

I. Height-of-Burst Probable Error Gauge Points. These gauge points appear on some
GFTs above the fork scale or on the M564 fuze setting scale. They are red right triangles and
indicate the range and fuze settings at which the PEHBis 15 meters. Larger HOB dispersion
must be expected when time fuzes are used with a particular charge at ranges exceeding the
gauge point. Some charges have two such gauge points. The one on the left of the GFT indicates
the range at which the PEHB for the next lower charge is 15 meters. The PEHB can be
determined from Table G, Column 5, of the TFT.

j. Range Probable Error Gauge Point. This is a black equilateral triangle located
above the AFS/A10M HOB scale. It indicates the range at which the range probable error equals
25 meters. Ranges to the left of the gauge point have a PER of less than 25; ranges to the right of
the gauge point have a PER of greater than 25. The PEr can be determined from Table G,
Column 3, of the TFT.
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k. Range K and Fuze K Lines. These are based on data derived from computer
simulations of artillery firing. The computer program uses 50 sets of weighted nonstandard conditions
of temperature, density, range wind, and muzzle velocity. Firing simulations were made by using
these 50 sets of nonstandard conditions for each of a number of ranges within the range limits for each
charge. Every group of 50 firings for each range provided data to calculate a total average range
correction (range K) and total average fuze correction (fuze K) for that particular range. These values
of range K and fuze K were graphically plotted versus the corresponding range for all simulated
ranges for each charge. These curves were simplified as tight line approximations and were used to
create the data to construct the range K and fuze K lines on the GFT. These approximations were
considered to be acceptable, up to the point where no more than 1 PEr was introduced. This
acceptable range area is denoted on the GFT by the elevation numbers printed in red. Those numbers
corresponding to an error larger than 1 PErare printed in black. From this is derived the range
transfer limits for a one-plot GFT setting. The range K and fuze K lines are ignored for multiplot GFT
settings.

I. Improved Conventional Munitions Scales. These scales are on some graphical
firing tables. They are located above the DEFL CORR/DRIFT scale. The scales apply to a
specific type of ammunition as indicated by the model number at the left end of the scale.

(1) DEFL CORR. This is the top scale on GFT ICM scales. This scale
incorporates base scale drift and the ballistic correction as tabulated in Table A of the appropriate
addendum.

(2) QE. The next scale (the top scale on older GFTs) is the quadrant scale. This
scale provides the quadrant to fire for the ICM projectile. The ICM quadrant is read to the
nearest mil by placing the manufacturer’s hairline over the base scale quadrant and reading up
under the MHL to the appropriate ICM quadrant scale. This QE incorporates the ballistic
correction given in Table A of the appropriate addendum.

(3) FS. The last scale provides the fuze setting to fire on the ICM projectile. The
ICM FS is read to the nearest 0.1 increment by placing the MHL over the base scale FS and
reading up under the MHL to the appropriate ICM FS scale. This FS incorporates the ballistic
correction given in Table B of the appropriate addendum.

7-20. High-Angle GFT

a. High-angle fire is delivered at elevations greater than the elevation corresponding to
the maximum range for a charge. All howitzers can deliver high-angle fire effectively.

b. The high-angle GFT consists of one rule with ballistic data for multiple charges on
each side. The scales on the high-angle GFT from top to bottom are as follows:

(1) 100/R. This scale lists the number of mils needed to move the burst laterally or
vertically 100 meters at a given range. The scale increases from right to left, is read to the nearest
mil, and applies to all charges. There is no corresponding portion in the TFT.

(2) Range. The range scale is expressed in meters and applies to all charges
appearing on that side of the GFT. Range increases from left to right and is read to the nearest 10
meters. The corresponding portion of the TFT is Table F, Column 1.

(3) Elevation. Elevation is expressed in mils and increases from right to left. It is
visually interpolated to the nearest mil.  The corresponding portion of the TFT is Table F,

column 2.
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(4) 10-Mil site factor. The values on this scale denote the site for each 10 mils of
angle of site. The numbers are printed in red and are negative values. This factor actually
reflects the complementary angle of site for a positive VI. Consequently, a slightly more accurate
solution for negative angles of site can be determined from the TFT. Because of the minimal
effect of site in high-angle fire, these values are acceptable for both a positive and negative VI.
The scale increases from left to right and is read to the nearest tenth (0.1) of a mil. There is no
corresponding portion in the TFT.

(5) Drift. The values on this scale are in mils. The scale increases from right to
left and is read to the nearest mil. The corresponding portion of the TFT is Table F, Column 8.

(6) Time of flight. This scale is graduated in seconds and is used to determine both
time of flight (to the nearest whole second) and VT fuze setting (to the next lower whole second).
The scale increases from right to left. The corresponding portion of the TFT is Table F, Column

7.

NOTE: Because the scales increase in different directions, the computer must be careful
in reading the high-angle GFT. The elevation, 100/R, drift, and TF scales increase from
right to left. The range and 10-mil site scales increase from left to right.

7-21. llluminating Projectile GFT

Graphical firing tables have been developed for use with all 155-mm M485A2
illuminating projectiles and with the 105-mm M314A1, M314A2, and M314A3EL1 projectiles.
[llumination scales are provided for enough charges to cover the spectrum of range for the shell
and weapon.

a. 100/R. This scale is printed along the top edge of the GFT. For a given range, the
100/R scale denotes the number of mils needed to shift the burst 100 meters laterally or
vertically. The 100/R is read to the nearest mil. There is no corresponding portion in the TFT.

b. Range. The range scale is the base scale of the illuminating GFT. All other scales
are plotted with reference to the range scale. Range is read to the nearest 10 meters. The
corresponding portion of the TFT is Part 2, Table A, Column 1.

c. Elevation to Impact. This scale is graduated in mils. Low-angle elevation increases
from left to right and is read to the nearest mil. The scale is used to determine the range (on the
range scale) to which a nonfunctioning projectile will impact. There is no corresponding portion
in the TFT.

d. Height of Burst. These scales are graduated in 50-meter increments. The HOB is
determined by expressing the VI to the nearest 50 meters and algebraically applying the VI to the
optimum HOB. There is no corresponding portion in the TFT.

e. QE. The QE scale shown for each listed height of burst gives the QE needed to
achieve the height of burst at the desired range. The scale is graduated in mils and is visually
interpolated to the nearest mil. A heavy black arrow on the QE scale indicates the part of the
trajectory that is at or near the summit and that does not exceed by 50 meters the height of burst
that it represents. (See Figure 7-24.) The corresponding portion of the TFT for a 600-meter (750
meters for 105 mm) HOB is Part 2, Table A, Column 2.
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TRAJECTORY TOTAL HOB CHANGE IS
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QE 580 1S USED FOR
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FS WILL CHANGE WITH RANGE

RG 2310 RG 2450

Figure 7-24. Trajectory of an llluminating Projectile, Charge 2GB.

f. FS M565. This scale consists of a series of red arcs. The scale includes a red line for
each whole fuze setting increment for the MT, M565 fuze. The value of each line is printed in
red at the bottom of the scale. The fuze setting is read for the desired range and HOB to an
accuracy of 0.1 FS increment by visual interpolation. The corresponding portion of the TFT for a
600-meter (750 meters for 105 mm) HOB is Part 2, Table A, Column 3.
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Chapter 8
SITE

This chapter implements a portion of QSTAG 224.

Site is computed to correct for situations where the target is not at the same altitude as
the unit. To understand site, a brief description of the trajectory is necessary.

8-1. Initial Elements of the Trajectory

a. Vertical Interval. The vertical interval is the difference in altitude between the unit
or observer and the target or point of burst. (See Figure 8-1.) The VCO determines the vertical
interval by subtracting the altitude of the unit or observer from the altitude of the target or point
of burst. The vertical interval is determined to the nearest meter and is a signed value.

b. Angle of Site. The angle of site compensates for the vertical interval. The angle of
site is the smaller angle in a vertical plane from the base of the trajectory to the straight line
joining the origin and the target. The angle of site has a positive value when the target is above
the base of the trajectory and a negative value when the target is below the base of the trajectory.
The angle of site is determined to the nearest 0.1 mil and is a signed value. It carries the same

sign as the VI.

c. Complementary Angle of Site. The complementary angle of site is an angle that is
algebraically added to the angle of site to compensate for the nonrigidity of the trajectory. When
large angles of site or greater ranges for any one charge are involved, a significant error is
introduced because of changes in the shape of the trajectory. If CAS is not added to angle of site
in low-angle fire, the trajectory will pass under the target if the target is at an altitude higher than
the unit. The trajectory will pass over the target if the target is at an altitude lower than the unit.
Complementary angle of site is dependent on the following:

e Charge.

® Range.

e Angle of site.

o \Weapon system.

® Projectile family.

@ Angle of fire (high or low).

(1) For a given charge and range, there is a specific complementary angle of site for
every 1 mil angle of site. This specific value is listed in Table G of the TFT, Columns 12 and 13,
in the form of the complementary site factor (comp site factor or CSF). The CSF must be applied
to a particular angle of site to determine complementary angle of site. The CSF must be
determined by interpolation for the chart range to the nearest 10 meters. Complementary angle of
site is computed to the nearest 0.1 mil and is a signed quantity. The sign is the same as the CSF

value.
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(2) A study of listed values for the CSF reveals that for short ranges the CSF is
negligible. As the range increases, the factor increases for any given charge. Thus, at greater
ranges, the CSF is significant even for small angles of site. The CSF also varies with the charge
for any given range.

d. Site. Site is the algebraic sum of the angle of site and the complementary angle of
site. It is determined to the nearest mil and is a signed value.

e. Angle of Elevation. The angle of elevation is the vertical angle between the
horizontal and the axis of the bore required for a projectile to achieve a prescribed range under
standard conditions.

f. Quadrant Elevation. Quadrant elevation is the algebraic sum of site and the angle of
elevation. It is determined to the nearest mil.

8-2. Site in High-Angle Fire

Site has a relatively small effect in high-angle fire because of the large angle of fall. In
high-angle missions, a minus site must be used to compensate for a positive vertical interval and
a Plus site must be used to compensate for a negative vertical interval. Therefore, high-angle site
will have the opposite sign of the VI.

8-3. Determination of Altitudes

The altitude of the unit or base piece is nomally known by map spot or survey and
labeled on the firing chart. To determine the target altitude, the VCO must analyze the call for
fire sent by the observer.

a. The observer may report a target location by using the grid coordinate method. This
method requires a map of the target area. The easiest way to determine altitude from a map is by
reading the contour lines. The VCO plots the grid sent by the observer and extracts the altitude
from the map.

TGT

4EL

AV}

. 1\
) /)

BASE OF TRAJECTORY LEVEL POINT
ORIGIN Q5 TRA

Figure 8-1. Elements of Trajectory.



FM 6-40

b. The observer may report a target location by using polar coordinates. He locates the
target in relation to his own location by sending a direction and distance to the target. The
observer may also transmit an up or down vertical shift from his location. If the observer
transmits a vertical shift, the altitude of the target is determined in relation to the observer by
applying the vertical shift to the observer’s altitude. If not, the grid is plotted and altitude is
determined as in paragraph a.

~ . The observer may report a target location with reference to a known point plotted on
the firing chart. This method of target location is known as shift from a known point. The
vertical shift sent by the observer is applied to the known point altitude to determine the target
altitude.

8-4. Determination of Site without a Graphical Site Table
In Table 8-1 are the procedures for determining site without a GST.
Table 8-1. Determination of Site Without a GST.

STEP ACTION
1 Determine the vertical interval. Use the following equation:
TGT ALT
-UNITALT
Vi (1), NEAREST 1 METER
2 Determine the angle of site. To compute angle of site, use the following equation:

VERTICAL INTERVAL | T

RG (IN 1,000s OF M) X 1.0186 = ¢ SI(+) ~ NEAREST 0.1 MIL
NOTE: If angie of site is greater than +100 miis, it must be computed by using the
following formula: TANGENT ¢ Sl = VI/R. The following example will illustrate:

GI\'IEN: \Iarhr\al |ni'nnla| J-Rnn matare

Siuvar nisi va FICWwI g

Chart Range: 4 000 meters
Tangent ¢ SI = +600/4,000
Tangent ¢ Si=+0.15
Arctangent (+ 0.15) = & Sl (in degrees)
¢ Sl (in degrees) = + 8.53076561
¢ Sl (in degrees) x (17.7778) = ¥ Sl (in mils)
. 8.53076561 x (17.7778) = + 151.658 mils ~+151.7 mils

G a A4 AT £ PRy Py Py Py Y Y PR P e

Ine arcrangent IS tne lnverse tangent TUHC[IOH TOUHQ on most SlaUSIICdI caicuialors.
Arctangent X = the angle with tangent equal to X. The backup computer system
(BUCS) will compute this calculation. Just be sure to be in the DEGREES mode and
not the RADIANS mode to avoid additional conversion. The calculation can also be
done by using TM 6-230.

jlonawn

NOTE: The angle of site and VA are based on the mil relation formula, which is
based on the assumption that an angle of 1 mil will subtend an arc of 1 meter at

meter at a
distance of 1,000 meters. However, the distance subtended by 1 mil at 1,000 meters
is actually only 0.98175 meters, computed by using the following formula:

(2nr)
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Table 8-1. Determination of Site Without a GST (Continued).
STEP ACTION

Since there are 6,400 mils in a circle, when solving for the circumference of a circle
with a radius of 1,000 meters, the use of the formula (2xr) will yield a circumference
of only 6,283.1853 meters. To yield a more precise solution for the mil relation
formula, the multiplication factor of 1.0186 must be applied. Note that in the
previous example 0.98175 multiplied by 1.0186 is equal to 1. The GST automatically
applies the conversion factor of 1.0186 by reading values opposite the M gauge
point.

3 Determine the value for complementary angle of site.

| $SI |X CSF = CAS (+) ~ NEAREST 0.1 MIL

3a Determine the value for the CSF from the TFT, Table G, Column 12 or 13. The entry
argument for this table is chart range (to the nearest 10 meters). If the angle of site
is plus, use Column 12. If the angle of site is minus, use Column 13. Interpolate as
necessary.

Note: Since interpolation is needed for entering Table G, a more accurate CAS is
determined by using chart range to the nearest 10 meters. If speed is more
important to the FDO, he may decide to use chart range to the nearest 500 meters
as the entry argument for Table G.

3b Multiply the CSF by the absolute value of the angle of site (step 2), and express the
result to the nearest 0.1 mil. This is the complementary angle of site and will always
have the same sign as the CSF (TFT).

4 Determine the value of site. Site is the algebraic sum of the angle of site and the
complementary angle of site and is expressed to the nearest mil.

$SI ()
+ CAS (1)
SI () NEAREST 1 MIL

8-5. Determination of Site Without a GST, Requiring Interpolation

The example in Table 8-2 uses data for the firing unit location and firing chart from
Chapter 6. The following data are given:

Weapon System: MI09A3
Charge: 4GB
Chart Rg From I/A to the

Tgt (Grid 430 290): 4,340 meters
I/A Altitude: 1062

Target Altitude (Map Spot): 1040
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Table 8-2. Determining Site Without a GST, Requiring Interpolation.

STEP ACTION
1 Determine the vertical interval.
TGTALT 1040
-PLTALT 1062
Vi -22
2 Determine the angle of site.
VERTICAL INTERVAL -22 _
RG (IN 1,000s OF M) 434 X1.0186=-52(%S))
3 Determine the value of complementary angle of site.
3a Use chart range to the nearest 10 meters to interpolate CSF from Table G.
3b Determine the value of the CSF. Interpolation is required.
RANGE COMP SITE FACTOR
, T 4000 -0.049 B —
| |
‘ 340 )I(
l |
500 ——4340 77— -0.019
| 4500 -0.068
CROSS MULTIPLY: 340 - _X
560  -0.01%
500X = 340(-0.019)
X = 340(-0.019) = -0.01292 ~ -0.013
500
CSF FOR RANGE 4000 -0.049
ADD THE VALUE OF X +(-0.013)
CSF FOR RANGE 4340 -0.062
3c
| ¥81 | 5.2
X CSF -0.062
CAS 03224 ~ 0.3
4 'Determine the value of site.

3 sl 5.2
+ CAS +(-0.3)
] 5.5 ~ -6 (NEAREST 1 MIL)
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8-6. Determination of Vertical Angle

The vertical angle is the smaller angle in a vertical plane from the horizontal to a straight
line joining the observer and target. The angle of site and the vertical angle are essentially the
same angles viewed from different perspectives. (See Figure 8-2.) The steps for determining VA
are in Table 8-3.

TARGET

/ r(.—vu\

48l VA

RANGE —>€ DISTANCE A
. 4 ¥ JAA
GUNS OBSERVER

Figure 8-2. Vertical Angle.
Table 8-3. Determination of Vertical Angle.

STEP ACTION

1 Determine the vertical interval.
TGT ALT
-OBSALT
VI (+), NEAREST 1 METER

2 Determine the vertical angle. To compute the vertical angle, use the following equation:
VERTICAL iNTERVAL -
DISTANCE (IN 1,000 OF M) X 1:0186=VA
NOTE: If VA is greater than +100 mils, it must be computed by using the following
formula: TANGENT VA = VI/R (IN THOUSANDS). (See paragraph 8-4.)

8-7. The Graphical Site Table

a. The computation of site with the TFT is time consuming. The GST was developed to
provide a quick and accurate computation of vertical angle, angle of site, and site. The GST can
also be used to compute the vertical interval when the site, the charge, and the range are known
or when the vertical angle and the distance are known. It can be used to convert yards to meters
or meters to yards and to multiply and divide. Each GST is designed for a particular weapon and
projectile family, and the computations are valid only for the weapon specified on the GST.

b. The GST consists of three parts: a base, a slide, and a cursor with a manufacturer’s
hairline. (See Figure 8-3.)
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CURSOR

SITE-RANGE SCALES with Manufacturer’s
Hairline (MHL)

C (range) SCITLE

HOW 188mm ‘ N ™ oo L g SO

FT 166-AM-2 4GB 5 e n

PROJ HEM107 R _ i e e

7WB | ? Jcl: R — =3 GB 7waq1‘;
lllllllllelllllll
g
) =
/ ’ Q J,
BASE D SCALE
SLIDE

Figure 8-3. Graphical Site Table.

(1) Base. The base is marked by the D scale, which is a logarithmic scale of
variable graduations.  This scale is used to determine VI, VA, angle of site, and site. The
accuracy depends on the values read off the scale. The back of some GSTs have instructions on
how to use it.

(2) Slide. The slide is marked with a C scale, gauge points, and site-range scales.

(@) C (range) scale. This scale is identical to the logarithmic D scale, and
there are two sides to the slide. The C and D scales, along with the M gauge point, are used for
computing vertical interval, vertical angle, and angle of site. Multiplication and division may
also be performed by using the C and D scales.

(b) Gauge points. The C scale is marked with two M (meter) and YD (yard)
gauge points. The M gauge point multiplies the value opposite the C index by 1.0186, which
gives a precise solution to the mil relation formula and is used in all computations @n-l 0186
WI/R). The YD gauge point multiplies the value opposite the M gauge point by 0.9144, which
gives an immediate solution to the formula: (YARDS x 0.9144 = METERS).

(c) Site-range scales. These scales are used to compute site when the VI and
range are known or to compute the VI when the site and range are known. For each charge
indicated, there are two site-range scales. One is black, marked “TAG,” and the other is red,
marked “TBG.” Each side is placed in relation to the M gauge point so that site is read on the D
scale opposite the M gauge point when VI on the D scale is divided by range on the site-range
scale. The TAG and TBG scales are constructed to include CAS. They differ from each other
just as the CSF for a plus angle of site differs from the CSF for a minus angle of site. The TAG
scale is used when the VI is plus, and the TBG scale is used when the VI is minus. The value of
site is read or placed opposite the M gauge point. When there are no site range scales for a
particular charge or the scale does not include the appropriate gun target range, site for that
charge must be computed manually.
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(d) Range changeover point. On all GSTs for all charges, there is a point on
all site-range scales where the scales begin to “double back”; that is, the cursor is moved to the
left rather than to the right for an increase in range for a given VI. The range at which each scale
reverses direction is called the range changeover point. The location of the changeover point can
be shown by plotting site as a function of site in mils and range in meters (Figure 8-4). Recall
that site equals the angle of site plus the complementary angle of site. In Figure 8-4, at the lesser
ranges (5,000 to 7,000 meters), the angle of site is decreasing at a greater rate than
complementary angle of site is increasing; thus, site decreases. At the longer ranges (8,000 to
9,000 meters), the angle of site is decreasing at a lesser rate than the complementary angle of site
Is increasing; thus, site increases. The site curve shows decreasing values up to a range of about
7,600 meters and then increasing values beyond. The range at which site is at an absolute
minimum value is 7,600 meters and is the range changeover point for that charge and projectile.

(e) Cursor. The cursor has a vertical hairline, known as the manufacturer’s
hairline. It enables the user to place or read a value on the slide opposite another value on the
base.

12

" \\ SITE

)

| 1+— COMPANGLE

5000 6000 7000 8000 9000

Figure 8-4. Range Changeover Graph.
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8-8. Average Site

a. A considerable amount of time can be saved in mission processing if average site can
be precomputed for the area of operations. As time permits after occupation, the VCO should
develop a color-coded average site map (Figure 8-5). The average sites and altitudes would be
listed within each color-coded area. Site is computed for vertical interval segments on the basis
of ranges and charges to be used most frequently. The error in site will normally be small and is
an acceptable tradeoff of accuracy for speed. When a target is plotted on the average site map,
the VCO can read and announce site. This technique may not be practical in certain situations,
for example, in mountainous terrain or in fast-moving situations. Here the VCO could use the

altitude of the nearest preplotted target to compute site.
b. The VCO creates and improves his average site map by using the following steps.

(1) Plotting of contour intervals. The VCO color-codes his map along with selected
contour intervals, creating zones with little variation in altitude. V1 is based on the mean altitude
in each zone. Compute site for each color-coded zone by using the range to the center of the
zone and the appropriate charge. This will result in an average site to use for all targets plotted

within a color-coded zone.

(2) Refining average site. As time permits, average site values can be refined by
computing additional values for variations in range within a color-coded zone. This will
determine if there are significant changes in site caused by changes in range. For examp|3, dite
would be computed for a zone between the 300 and 320 contour intervals by using ranges
throughout the zone (that is, 5,000, 6,000, 7,000). If site changes by more than 1 mil, the VCO

would announce the refined site.

Figure 8-5. VCO Color-Coded Map, Marked With Average Site
and Corresponding Altitude.
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8-9. Determination of Angle of Site and Vertical Angle With the GST

a. The procedures for computing angle of site and vertical angle are the same. Both are
computed by using the C and D scales and are not associated with a particular charge or a
particular weapon. In each case, two values are needed: the range (or distance) to the target in
meters and the number of meters the target is above or below the howitzer or observer (vertical
interval.,

b. The diagram in Figure 8-6 is known as the Magic T. It can be used to help
determine angle of site, VA, and site when using the GST. The horizontal line in the Magic T
represents division, and the vertical line represents multiplication.

MAGIC T INTERPRETATION
. MHL Vi (D) Place MHL over VI on the D scale
* RG (C) (MHL) A st (D) (MGP) Align the range Extract 3numbers
on the C scale underneath the
under the MHL M gauge point
on the D scale
DIST (C) (MHL) ; VA (D}(MGP) Align the DIST Extract 3numbers
on the C scale underneath the
under the MHL M gauge point
on the D scale
RG (SI-RG) Si1 (D) (MGP) Align the range Extract 3 numbers
(MHL) on the SI-RG underneath the
scale under the M gauge point
X MHL on the D scaie

NOTE: The abbreviation "MGP" represents the M gauge point.

Figure 8-6. Magic T.
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c. The following steps in Table 8-4 show how to determine angle of site and VA by
using the GST.

Table 8-4. Determination of Angle of Site and VA by Using the GST.

STEP ACTION
1 Determine the vertical interval by subtracting the unit (observer) altitude from the target
altitude,
TGT ALT
-UNITALT (OBSALT)
VI (+), NEAREST 1 METER
2 Move the MHL until it is over the value of the VI on the D scale.
3 Without moving the cursor, slide the C scale until the range (distance) is directly beneath
the MHL.
4 Determine the angle of site (vertical angle) underneath the M gauge point on the D scale.
4a Extract three numbers.
4b Determine placement of the decimal point by using "rough math." The angle of site
(VA) should be close to the value determined when the VI is divided by the range
(distance) in thousands.
VI + RG (DIS) (IN 1,000s) = ¢ Sl (VA) (APPROX)
NOTE: Rough math is used to approximate the placement of the decimal point.
Rough math wiil give the operator a rough idea of the number of integers for the value
of angle of site, vertical angle, or site.
4c Express the value to the nearest 0.1 mil for angle of site and nearest 1 mil for VA. The
angle of site (VA) will have the same sign as the VI.

8-10. Determination of Site With the GST

Site is computed by using the site-range and D scales. The value determined will be valid
for a particular charge, weapon, and projectile family. Two values are needed--the range to the
target in meters and the vertical interval. Use the steps in Table 8-5 to determine site with a GST.

Table 8-5. Determination of Site With the GST.

STEP ACTION

1 Determine the vertical interval by subtracting the unit altitude from the target altitude.
TGT ALT
-UNITALT
VI (), NEAREST 1 METER

2 Move the MHL until it is over the value of the VI on the D scale.

3 Without movmg the cursor, move the slide until the range is directly beneath the MHL on
the appropriate site-range scale for the charge being fired. There are two site-range
scales for each charge. If the Vi is plus, use the TAG scale. If the VI is minus, use the
TBG scale.

4 Determine site underneath the M gauge point on the D scale.

4a Extract three numbers.

4b Determine placement of the decimal point by using rough math. The site should be

close to the value determined when the Vi is divided by the range in thousands.
Vi - RANGE (iN 1,000s) = S| (APPROX)
4c Express the value to the nearest mil. Site will have the same sign as the VI.
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8-11. Sample Problems

The examples in Tables 8-6 through 8-9 use data for the firing unit location, known point,
and observer (T03) from Chapter 6. The following data are given:

Weapon System: M109A3
Charge: 4GB
Chart Rg From I/A to

Known Point 1: 4,960 meters
Distance from T03 to

Known Point 1: 1,760 meters
I/A Altitude: 1062
TO3 Altitude: 1127

Known Point 1 Altitude: 1024

a. Determination of Site (Manual Computation). Table 8-6 shows an example of
manually determining site.

Table 8-6. Manual Computation of Site.
STEP ACTION

1 Determine the vertical interval.

TGT ALT 1024

_PLTALT 1062
Vi -38

2 Determine the angle of site.

VERTICAL INTERVAL -38 _
RG (IN 1,000s) 496 X10186=-7.8(4SI)
3 Determine the value of complementary angle of site. (See{paragraph 8-5])

| ¢8I | 7.8
X CSF -0.091
CAS 20.7093 ~ 0.7

4 Determine the value of site.

$S1 -7.8

+ CAS +(-0.7)

Si -8.5 ~ -8 (NEAREST 1 MIL)

NOTE: On many occasions, a GST may be needed to manually compute site if the range

ie nat lictad an tha annranriate gsite-ranage scale In these instances the anale of site can
19 FIVL HIGIUU Vil LIV GpPIVITHIED SRVTTGRIHIgWY OWEIv. 11 oo idwlilivoes, uie Siighs Wi Sinse Wiss s

be determined with a GST (paragraph 8-9) to the nearest 0.1 mil. The CAS is determined
by using the TFT (Table 8-1).

b. Determination of Vertical Angle (Manual Computation). Table 8-7 shows an
example of manually computing VA.
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Table 8-7. Manual Computation of VA.

STEP ACTION

1 Determine the vertical interval.
TGT ALT 1024
-OBSALT 1127
Vi -103

2 Determine the vertical angle.
VERTICAL INTERVAL -103 -
DIS (IN 1,000s) 176 X1.0186= VA -59.6 ~ -60 (NEAREST 1 MIL)

c. Determination of Angle of Site and Vertical Angle With the GST.Table 8-8
shows an example of determining angle of site and VA with the GST.

NOTE: The values in parentheses pertain to the observer and the determination of
VA.
Table 8-8. Determination of Angle of Site and VA With a GST.
STEP ACTION
1 Determine the vertical interval.
TGTALT 1024
-PLTALT(OBS ALT) 1062 (1127)
vi -38 (-103)
2 Move the MHL until it is over the value of the VI on the D scale.
3 Without moving the cursor, slide the C scale until the range (distance) is directly
beneath the MHL.
4 Determine the angle of site (VA) underneath the M gauge point on the D scale.
4a Extract three numbers (digits from GST): ¥ Sl is 780 and VA is 596.
4b Determine placement of the decimal point by using rough math. The angle of site
(VA) should be close to the value determined when the VI is divided by the range
(distance) in thousands.
VG (DISHIN 1.0008) o on sk e
# sl (VA)(APPROX) -7.66 (-58.52)
4c Express the value to the accuracy in Table 8-4, step 4c: ¥ Sl -7.80 ~ -7.8 (VA -59.6
~ -60). The angle of site (VA) has the same sign as the VI: $SI -7.8 (VA -60)
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d. Determination of Site With a GST. Table 8-9 shows an example of determining
site with a GST.

Table 8-9. Determination of Site With a GST.

STEP ACTION
1 Determine the vertical interval.
TGT ALT 1024
-PLTALT 1062
\'/ -38
2 Move the MHL until it is over the value of the VI on the D scale.
3 Without moving the cursor, move the slide until the range (4960) is directly beneath the
MHL on the appropriate site-range scale for the charge being fired. Use charge 4GB,
TBG scale.
4 Determine site underneath the M gauge point on the D scale.
4a Extract three numbers (digits from GST) (849).
4b Determine placement of the decimal point by using rough math. The site should be
close to the value determined when the Vi is divided by the range in thousands.
vi -38
+RANGE (IN 1,0008) 4.96
S| (APPROX) -7.66
4c Express the value to the nearest mil: Sl -8.49 ~ -8.
Site will have the same sign as the VI.

8-12. High-Angle Site

a. Site is always computed for high-angle fire and added to the determined angle of
elevation, which yields high-angle QE. However, site may have a relatively small effect in
high-angle fire because of the large angle of fall. Therefore, if the angle of site is small and the
FDO directs to ignore it, then site may be ignored.

b. In high-angle fire, an increase in the angle of elevation decreases range. A decrease
in the angle of elevation increases range. The complementary site factors, found in Table G of
the TFT, are relatively large (greater than 1) and are the opposite sign of the VI and angle of site.
Therefore, the site will have the opposite sign of the VI and angle of site.

¢. High-angle site is determined by using the CSF (TFT) or the 10-mil site factor from
the GFT. Using the GFT is the preferred method. The reading obtained from the 10-mil site
factor scale is the actual site for each 10 mils of angle of site. The site is computed by
multiplying the angle of site, divided by 10, by the 10-mil site factor. The 10-mil site factor is
always negative.

8-13. Determination of High-Angle Site With the TFT

The procedures for computing high-angle site with a TFT (Table 8-10) are the same as
low-angle manual computations of site (Table 8-1). A GST can be used to compute the angle of
site.
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Table 8-10. Determination of High-Angle Site With the TFT.

STEP ACTION
1 Determine the VI by subtracting the unit altitude from the target altitude.
TGT ALT
-UNITALT
Vi(+), NEAREST 1 METER -
2 Determine the angle of site. To compute angle of site, use the following equation:

VERTICAL INTERVAL ~
RG (IN 1,000s OF M) - X 1:0186 = 3SI(x)NEAREST 0.1 MIL)

3 Determine the value for the CSF from the TFT, Table G, Column 12 or 13. The entry
argument for this table is chart range (to the nearest 10 meters). If the angle of site is
pius, use Coiumn 12. if the angie of site is minus, use Coiumn 13. interpoiate as
necessary.

NOTE: Since interpolation is necessary, a more accurate CAS is determined by using
chart range to the nearest 10 meters. If speed is more important to the FDO, he may

decide to use chart range to the nearest 500 meters as the entry argument for Table
G

4 Determine the CAS by multiplying the absolute value of angle of site (step 2) by the
CSF (step 3), and express the result to the nearest 0.1 mil. CAS will have the same
sign as the CSF.
38t |
X CSF

CAS (1) (NEAREST 0.1 MIL)

5 Determine the site by algebraically adding the angle of site to the CAS, and express the

r:sullt to the nearest 1 mil. It will be a signed value.
S
4 MAQ

Sl (+) NEAREST 1 MIL

8-14. Determination of High-Angle Site With a High-Angle GFT
The use of the high-angle GFT to determine site is the preferred method. (See Table

8-11.)
Table 8-11. Determination of High-Angle Site With a High-Angle GFT.
STEP ACTION

1 Determine the VI by subtracting the unit altitude from the target altitude.
TGTALT
-UNIT ALT
VI (1), NEAREST 1 METER

2 Determine angle of site with the GST (paragraph 8-9).

3 Determine the 10-mil site factor by placing the MHL over the range on the GFT. The

10-mil site factor is always negative.

4 Determine site by dividing angle of site (step 2) by 10; then muiltiply this value by the
10-mil site factor (step 3). Express this value to the nearest 1 mil, and determine the
appropriate sign. It will have the opposite sign of the VI. (ANGLE OF SITE + 10) X
10-MIL SITE FACTOR = SITE.
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8-15. Determination of 10-Mil Site Factor Without a High-Angle GFT

The 10-mil site factor is the value of high angle site for every 10 mils of angle
of site. The 10-mil site factor can be determined manually by solving two equal
equations for the 10-mil site factor.

SI = < SI + CAS (FOR LOW AND HIGH ANGLE)
SI=<SI+ (] <SI|XCSF)

FOR POSITIVE ANGLES OF SITE:
HIGH ANGLE SITE = < SI (1 + CSF)
FOR NEGATIVE ANGLES OF SITE:
HIGH ANGLE SITE = < SI (1 - CSF)
USING THE HIGH ANGLE GFT:
HIGH ANGLE SITE = (< SI/ 10) X 10-MIL SI FACTOR
HOW TO DETERMINE 10-MIL SI FACTOR WITHOUT A GFT:

FOR POSITIVE ANGLES OF SITE: 10-MIL SI FACTOR =10(1+ CSF)
FOR NEGATIVE ANGLES OF SITE: 10-MIL SI FACTOR = 10(1-CSF)

NOTE: If the 10-mil site factor is not listed on the high angle GFT, use the last listed value or change
charges

The FDC can compute high angle site by manually determining the 10-mil site factor
for those situations when a high angle GFT is not available. The 10-mil site factor
from the GFT actually reflects the complementary angle of site for a positive VI.
Therefore, this method will introduce a slight inaccuracy when estimating for negative
VI's
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Chapter 9
FIRE MISSION PROCESSING

In the battery or platoon FDC, all actions are oriented toward timely and accurate fire
mission processing. All actions must provide the best possible flow of information between FDC
personnel. The battery or platoon FDC must be trained to determine responsive and accurate
firing data. Upon receipt of a call for fire, FDC personnel must work as a team to accomplish
many tasks at the same time. (See Figure 9-1.)

Section |

Duties and the Record of Fire

This section implements STANAG 2934 and QSTAG 225.

Understanding the duties within the FDC is imperative. All activity
supports the computer. He determines and records firing data on the record of
fire. He is also the link to the howitzers, because he transmits the fire commands.

CALL FOR FIRE
4 FDO

K FIRE
‘4 AL ORDER

VvCO

Figure 9-1. Flow of Information Between the Gunnery Team.
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Crew Duties for the FDC

The procedures in Table 9-1 should be used to facilitate mission processing and ensure
responsiveness. (For automated FDC crew duties, see Appendix F.)

9-1.

Table 9-1. Mission Processing.

FDC
PERSONNEL ACTION
A call for fire is received in the FDC.
NOTE: The * indicates that actions so marked are accomplished at the same time.
RATELO* Receives and records the CFF (authenticates if necessary) and announces FIRE
MISSION to the FDC.
ALL Announce FIRE MISSION.
COMPUTER* | Announces FIRE MISSION to the howitzer(s).
RATELO Announces (or records on mission board) the CFF to the FDC. (Ensures a loud
readback to the observer.)
HCO* Reads back target location and plots target. Determines chart range and
deflection.
vCOo* Plots target and determines chart range and deflection and target altitude.
FDO or Chief* | 1) Plots the target on the situation map and verifies it is safe and does not violate

any fire support coordinating measures (FSCMs).

2) Decides how to attack the target and issues the fire order (FO) to the FDC.

AN A T

LUNFUIER

Reads back O and records it on TECUTU OI fire.

COMPUTER* | Records and announces initial fire commands to the howitzer(s) up to and including
fuze. This is based on the CFF and FO (FDO or chief monitors).
RATELO* Composes and transmits the MTO according to the CFF and FO (FDO or chief
monitors).
COMPUTER Records MTO on record of fire.
HCO Announces chart range to the computer; for example, 1/A, RANGE 5980.
VCO Announces CHECK or HOLD (+30 meters).
COMPUTER If CHECK is announced, places announced range under the MHL of the
appropriate GFT.
If HOLD is announced, FDO or chief verifies charts and determines which range to
use.
COMPUTER Reads back range that is set on the GFT (for example, RANGE 5980) and records
range on the ROF.
HCO Annoiinces chart defiection to computer (for example, DEFLECTION 3288)
VvCO Announces CHECK or HOLD (+3 mils).
COMPUTER If CHECK is announced, records the announced chart deflection on the ROF.
If HOLD is announced, FDO or chief verifies charts and determines which
deflection to use.
COMPUTER 1) Reads back chart deflection.

9-2

2) Determmes and records elevation. (Refer to Appendlx F for assistance when
________ ke o bbion [= PN 729 Ammmanadive M

determining data with or without a GFT setting.) (Refer to Appendix G for
assistance when determining data with or without a GFT setting.)

3) If firing fuze time, determines, announces, and records fuze setting.

4) |If firing fuze VT, determines, records, and announces FS.

5) Determines and records deflection correction on ROF.

6) Determines, records, and announces deflection to fire.
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Table 9-1. Mission Processing (Continued).

FDC
PERSONNEL ACTION
VvCO Determines and announces site.
COMPUTER 1) Records site on ROF.
2) Determines and records quadrant elevation on ROF.
3) Announces QE to FDO or chief for verification.
FDO or Chief 1) Ensures all data are correct.
2) Verifies the data are safe by using the safety T.

a) If data are safe, announces SAFE.

b) If data are unsafe, announces UNSAFE and states the reason why; for
example, UNSAFE, QUADRANT ELEVATION THREE MILS BELOW
MINIMUM SAFE QE).

COMPUTER 1) If data are safe, announces QE to howitzer(s).

2) Records and announces MOF I/E, if applicable.

3) Polices the ROF.

HCO and VCO | Orient target grid on firing charts, and await any subsequent corrections from the
observer.

VCO Updates ammo board as time permits.

NOTE: During 24-hour operation, the FDC chief will assume the duties of the
FDO. The FDO or chief will supervise all actions of FDC personnel.

9-2. Elements of Firing Data

The data determined from the firing chart must be converted to firing data that can be
placed on the weapon and ammunition. These data consist of the charge, fuze setting (when
applicable), deflection, and quadrant elevation to be fired.

a. Shell. Shell is the projectile to be fired. The projectile will have a direct impact on
determining the remaining elements since firing tables are based on the projectile.

b. Charge. The amount of propellant to be fired with artillery ammunition is varied by
the number of propellant increments. The charge selected is based on the range to the target and
the tactical situation.

¢. Fuze. Fuze is the fuze to be fired. The fuze will have a direct impact on determining
the quadrant elevation when firing mechanical time fuzes.

d. Fuze Setting. When a projectile with a mechanical time or proximity fuze is fired,
the computer determines a fuze setting to be set on the fuze that should cause it to function at the
desired point along the trajectory. Fuze setting is a function of elevation. This fuze setting is
determined from the TFT or GFT. Some projectiles may also be fired with a point-detonating
fuze, which can be set for delay action.

e. Deflection. The deflection to fire is the deflection announced to the howitzer. To
compute deflection to fire, apply the deflection correction to the announced chart deflection by
using the LARS rule (left, add; right, subtract). Determine the deflection correction by adding
the GFT deflection correction to the drift corresponding to the initial elevation. (GFT deflection

correction is discussed in Chapter 10.)
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f. Quadrant Elevation. Quadrant elevation is the algebraic sum of site and the angle of
elevation. Quadrant elevation is the angle through which the tube of the howitzer must be
elevated from the base of the trajectory to cause the trajectory to pass through the target.

(1) Elevation. The angle of elevation is the vertical angle between the base of the
trajectory and the axis of the bore required for a projectile to achieve a prescribed range under
standard conditions.

(2) Site. If the target and the howitzer are not at the same altitude, site will be
determined. Site is combined with elevation to cause the trajectory to pass through the target. If
the target and howitzer are at the same altitude, site is announced as zero.

9-3. Recording Firing Data

a. DA Form 4504 (Record of Fire) is a legal document used for determiningg and
recording iring data. It is organized to allow a smooth flow in determining and processing afire
mission. It is used for the following:

® Recording the call for fire.
e Computing and recording firing data for all types of fire missions.

@ Keeping a permanent record of a fire mission, to include the type and amount of
ammo expended during the mission.

b. On DA Form 4504 (Figure 9-2), the heavy black lines indicate major sections of the
form. Shaded portions denote items that must be announced to the howitzer sections. The use of
each block on the record of fire is explained below.

(1) Call for fire block. The CFF announced by the observer is recorded in this
block. (See Figure 9-3.) Table 9-2 explains each item and its use.
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CALL FOR FIRE

Observer AF[FFENS/S Tat

Grid:

Polar: Dir Dis up VA

Shift » Dir LR +/- up

Figure 9-3. Call for Fire Block
Table 9-2. Call for Fire Block items.
ITEM ACTION

Observer ____ Used to record the call sign of the observer.

AF/FFE/NIS/S ___ | Used to record the mission type. Choices are AF (adjust fire), FFE (fire for
effect), IS (immediate suppression), and S (suppression). The blank line is used
for other types; for example, immediate smoke.

Tgt___ Used to record the target number sent by the observer in suppression
missions.

Grid: Used to record the grid and altitude for the grid method of target location.

Polar:Dir ___ Used to record the observer direction to the target, in mils, for the polar
method of target location.

Dis ___ Used to record the observer distance to the target, in meters, for the polar
method of target location.

UbD___ Used to record the vertical shift correction, in meters, for the polar method of
target location. Circle U (up) or D (down).

VA Used to record the vertical angle, in mils, for the polar method of target
location. VA is a signed (1) value.

Shift Used to record the known point or target number from which the observer is
shifting for the shift from a known point method of target location.

Dir Used to record the direction to the known point or target, in mils, for the shift
from a known point method of target location.

L/R___ Used to record the lateral shift to the target, in meters, for the shift from a
known point method of target location. Circle L (left) or R (right).

+-__ Used to record the range correction to the target, in meters, for the shift from a
known point method of target location. Circle + (add) or - (drop).

UD__ Used to record the vertical shift correction to the target, in meters, for the shift
from a known point method of target location. Circle U (up) or D (down).

(2) Computational space and related data blocks. These blocks are used to
compute and record data used in determining firing data. (See Figure 9-4.) Table 9-3 explains
each item and its use.
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/\ FS
100/R
IR
20/R
=¥ Si+10 10m Si HOB Corr
OF Coir Si
RG Cht Df El
Figure 9-4. Computational Space and Related Data Blocks.

Table 9-3. Computational Space and Related Data Blocks Items.

ITEM ACTION

Computational Space Used to record computational data, such as determining VI and deflection
correction.

$Si+10 Used to record ¥ Si+10 when computing site for high-angle fire missions.

10m Si Used to record the 10-mil site factor when computing site for high-angle
fire missions.

Df Corr Used to record the deflection correction to be used for a fire mission.

Rg Used to record the initial chart range for a fire mission.

Chart Df Used to record the initial chart deflection for a fire mission.

AFS Used to record AFS/AT0MHOB. This is used to compute a change in
FS for a 10-meter change in HOB and is recorded after the first time the
fuze is fired.

100/R Used to record 100/R. This is used to move the burst 100 meters laterally
or vertically.

R Used to record the /R. This is used to move a burst other than 100 or 20
meters vertically or laterally.

20/R Used to record 20/R. This is used to move the burst 20 meters laterally or
vertically.

HOB Corr Used to record the height of burst correction if a time fuze is used in
the initiai voliey.

Si Used to record the site for a fire mission. Site is a signed (1) value.

El Used tc record the initial elevation for a fire mission.
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(3) Fire order and initial fire commands block. The fire order announced by the
FDO and the Initial fire commands transmitted to the howitzers are recorded in this block. (See
Figure 9-5.) Table 9-4 explains each item and its use.

FIRE ORDER

INITIAL FIRE COMMANDS

8p instr
in Eff | Ammo Exp
Figure 9-5. Fire Order and Initial Fire Commands Block.
Table 9-4. Fire Order and Initial Fire Commands Block Iitems.
ITEM ACTION
FIRE ORDER Used to record the fire order.
INITIAL FIRE COMMANDS
FM Used to check or circle the warning order FIRE MISSION sent to the
howitzer(s).
MF Used to record the pieces to follow, pieces to fire, and method of fire.

Sp Instr Used to record any special instructions sent to the howitzer(s).

Sh Used to record the shell, if other than standard, sent to the howitzer(s).

Lot Used to record the ammunition lot, if other than standard, sent to the
howitzers. There are two lot designators (projectile and propellant) for
separate-loading ammunition and one lot designator for the projectile for
semifixed ammunition.

Chg Used to record the charge fired in a fire mission.

Fz Used to record the fuze, if other than standard, sent to the howitzer(s).

Ti Used to record the fuze setting for mechanical time or variable time
fuzes sent to the howitzer(s).

Df Used to record the initial deflection to fire sent to the howitzer(s).

QE Used to record the initial quadrant elevation sent to the howitzer(s).

in Eff Used to record the method of fire for effect. This is the number and
shell-fuze combination in effect.

Ammo Exp Used to record the ammunition expenditure. This is the number of
rounds fired with initial fire commands. The number of rounds is recorded
when computed and circled when fired.

(4) Message to observer block. The message to observer, angle T, probable error
in range, and time of flight are recorded in this block. (See Figure 9-6.) Data determined but not
sent are recorded in parentheses. Table 9-5 explains each item and its use.

MTO T PEL TF

Figure 9-6. Message to Observer Block.
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Table 9-5. Message to Observer Block Items.

ITEM ACTION

MTO Used to record the message to observer sent to the observer-for a fire mission.

T Used to record the angle T for a fire mission. Angle T is sent to the observer if it is
greater than or equal to 500 mils. The actual value is recorded and then expressed to
the nearest 100 mils before being sent.

PER Used to record the probable error in range for a fire mission. Probable error in range
is sent to the observer when it is greater than or equal to 38 meters for an area fire
mission or 25 meters for a registration, destruct mission, or FPF.

TF Used to record the time of flight of the projectile for a fire mission.

(5) Fire planning and observer subsequent corrections block.Fire plans or

subsequent corrections transmitted by the observer are recorded in this block. (See Figure 9-7.)
Table 9-6 explains each item and its use.

Tgt Location [Priority] Firing

v Unit
Dir, MF - ._ | HOB
Sh, Fz vev Rg Corr

Figure 9-7. Fire Planning and Observer Subsequent Corrections Block.

Table 9-6. Fire Planning and Observer Subsequent Corrections Block Items.

ITEM ACTION
Tat Used to record the target number for fire plan targets.
Location Used to record the grid location for a fire plan target.
Priority Used to record a check mark to indicate a priority target.
Firing Unit Used to record the unit to fire for fire plan targets.

Dir, MF, Sh, Fz | Used to record the direction, method of fire, sheil, or fuze for a fire mission.

Dev Used to record the deviation correction sent by the observer.
Rg Used to record the range correction sent by the observer.
HOB Corr Used to record the height of burst correction sent by the observer. Other items

may be recorded in this block, such as FFE, EOM, and so on.
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_ (6) Subsequent fire commands block. Fire commands are recorded in this block.
(See Figure 9-8.) Data placed in parentheses indicate data that were determined but not sent
because of no change. Table 9-7 explains each item and its use.

SUBSEQUENT FIRE COMMANDS
MF, Sgé FS T Ct;lt l?fCor)r Df C'I;:rt Hcgl:Br ) Sl ) El Type
Figure 9-8. Subsequent Fire Commands Block.
Table 9-7. Subsequent Fire Commands Block Items.
ITEM ACTION
MF, Sh, Chg, Fz | Used to record the method of fire, sheli, charge, or fuze if changed from the
initial fire commands.
FS Corr Used to record the fuze setting correction for mechanical time or VT fuzes.
Ti Used to record the fuze setting for mechanical or VT fuzes.
Chart Df Used to record the subsequent chart deflection as announced by the HCO
once the observer’s corrections have been applied.
Df Corr Used to record the deflection correction for a fire mission. In low-angle fire,

this will normally be the same as the initial deflection correction. In high-angle
fire, drift is determined for each round and recorded here.

Df Fired Used to record the deflection to fire sent to the howitzer(s) for subsequent
rounds.

Chart Rg Used to record the subsequent chart range as announced by the HCO once the
observer's corrections have been applied.

HOB Corr Used to record the height of burst correction determined for a fire mission.

Si() Used to record the site for a fire mission. This will normally be the same as the
initial site unless it is recomputed.

El Used to record the elevation determined by the computer for subsequent
rounds.

QE Used to record the quadrant elevation sent to the howitzer(s) for subsequent
rounds.

Exp and Type Used to record the ammunition expenditure and shell-fuze type. This portion

of the record of fire is used to indicate a total number of rounds fired of a
particular shell and fuze up to that point in the mission. When the shell and/or
fuze changes, the count is restarted and the previous shell or fuze is recorded.
Upon completion of the mission, the computer uses this total, by type, to subtract
from the ammo count. Place a check mark after the type when this number is
subtracted from the unit's ammo count. The number of rounds is recorded when
computed and circled when fired.
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(7) Computational space and administrative blocks.These are the lower
computational areas used to record required data or conduct computations. (See Figure 9-9.)
Table 9-8 explains each item and its use.

Btry ~ Jore | Tat | ReplotGrid | Repiotatt

Figure 9-9. Computational Space and Administrative Blocks.

Table 9-8. Computational Space and Administrative Blocks Items.

ITEM ACTION
Btry Used to record the firing unit who fired the mission.
DTG Used to record the date-time group the unit entered the FFE phase of the mission.
Tgt Used to record the target number assigned to the mission.
Repiot Grid Used to record the repiot grid when replot is conducted.
Replot Alt Used to record the replot altitude when replot is conducted.
Section 11

HIGH EXPLOSIVES

The HE projectile is the base round for the HE family ofprojectiles. The
HE projectile is available in all cannon weapon systems (105 mm, 155 mm). The

HE hballistic family includes the antipersonnel improved conventional munitions,
illumination, chemical, and smoke.

9-4. Overview

a. HE projectiles are hollow steel cases filled with explosives (trinitrotoluene [TNT] or
composition B). They can be fuzed for air, surface, or subsurface burst. HE projectiles are used
against personnel and material objects because of blast and fragmentation effects.

b. Determination of firing data for a point-detonating (Q), mechanical time super quick,
time, or variable time fuze mated to an HE projectile is almost identical. Only minor procedural
differences exist. Data are determined from the GFT, GST, and TFT.

c. The HE-quick shell-tie combination is the ammunition used for the basic fire
mission. Chart data are determined to the target. The computer determines data with the GFT.
The procedures for computing data without a GFT setting areas outlined in Table 9-9.
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Table 9-9. Computation of Data Without a GFT Setting.

ITEM ACTION
RANGE Range is the base scale. The MHL is placed over the range, and all elements
that are a function of range can be determined.
100/R 100/R is a function of range. (To determine 100/R, the MHL is placed

directly over the range.) It is determined from the 100/R scale and expressed
to the nearest mil. It can be determined manually by dividing 100 by range
expressed in thousandths multiplied by 1.0186.

El Elevation is a function of range. (To determine elevation, the MHL is placed
directly over the range.) It is determined from the elevation scale and is
expressed to the nearest mil.

Drift Drift is a function of elevation. (To determine drift, the MHL is placed
directly over the elevation.) It is determined from the drift scale and expressed
to nearest mil. Drift is always recorded as a left (L) correction.

M582/M564 FS Fuze setting is a function of elevation. (To determine FS, the MHL is placed
directly over the elevation.) It is determined from the appropriate fuze setting
scale (TF/M582 or M564) and expressed to the nearest tenth (0.1) of a FS
increment.

TOF Time of flight is a function of elevation. (To determine TOF, the MHL is
placed directly over the elevation). It is determined from the TF/M582 scale
and expressed to the nearest whole second.

VTFS Variabie time fuze setting is a function of eievation. (To determine VT FS,
the MHL is placed directly over the elevation). It is determined from TF/M582
scale and expressed by vanishing the tenths and applying a .0 (express down).
If the value extracted from the TF/M582 scale is already determined to the
whole second, there is no need to express down.

AFS/A10M HOB Change in fuze setting for a change of 10 meters in HOB is a function of
FS. (To determine delta FS, the MHL is placed directly over the FS.) It is
determined from the AFS/A10m HOB scale and expressed to the nearest

Ihimademsddla /M N4N
nunareau (V.V1).

NOTE: Under normal circumstances, FDC personnel will be able to determine a
GFT setting. The determination and explanation of a GFT setting is covered in
Chapter 10. When a GFT setting is applied, certain elements of data will be
determined as described below.

e El--Elevation is determined by placing the MHL over the range and reading the
elevation scale directly under the elevation gauge line (EGL).

® FS--Fuze setting is determined by placing the MHL over the range and reading
the appropriate fuze scale directly under the time gauge line (TGL). The TGL
is valid only for the registering fuze.

NOTE: The fire order SOP and fire command standards in Figure 9-10 are used
for all the examples found in this chapter.
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FIRE ORDER SOP
ELEMENT SOP
UNIT TO FIRE PLATOON '
ADJUSTING ELEMENT AND/OR #3
MOF 1RD s o
Projectiie in adj FDO or COMPUTER SELECT
Ammo lot & charge in adj
Fuze in adj
3 BASIS FOR CORRECTIONS USE GFT
4 DISTRIBUTION PARALLEL
5 SPECIAL INSTRUCTIONS OBSR SELECT
6 METHOD OF FIRE FOR EFFECT FDO WILL ANNOUNCE
7 PROJECTILE I/E OBSR SELECT
8 AMMO LOT & CHARGE I/E FDO or COMPUTER SELECT
9 FUZE I/E OBSR SELECT
10 | TARGET NUMBER NEXT AVAILABLE
FIRE COMMAND STANDARDS
ELEMENT STANDARD

-

WARNING ORDER
L} N? I

L) ] T AR/ iV

N

PIECES TO FOLLOW/PIECES TO
FIRE/METHOD OF FIRE

SPECIAL INSTRUCTIONS

PROJECTILE HE

AMMUNITION LOT AG

CHARGE

(=B d™

ruLc

0

FUZE SETTING

OO~ |Ww

DEFLECTION

QUADRANT

- =
=10

METHOD OF FIRE IN FIRE FOR EFFECT

Figure 9-10. Fire Order SOP and Fire Command Standards.
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9-5.

Examples of Completing the Record of Fire for HE Fire Missions
a. HE/Q Adjust-Fire Mission.

Use the steps in Table 9-10 to process an HE/Q

adjust-fire mission. Figure 9-11 shows an example ROF for this type of mission.
Table 9-10. HE/Q Adjust-Fire Mission.

STEP| REFERENCE ACTION

1 CFF Computer records the CFF sent by the observer.

2 Fire Order Computer records the fire order announced by the FDO.

3 Initial Fire Commands | Computer determines, records, and announces the fire commands.

FM Announced and circled or checked.

MF Computer determines, announces, and records the pieces to follow,
pieces to fire, and method of fire.

Sp Instr Computer announces and records as directed by the fire order.

Sh Computer announces and records if other than standard.

Lot Computer announces and records if other than standard.

4 MTO Computer records the MTO announced by the RATELO.

5 Rg HCO determines and announces range. Computer places the MHL
of the appropriate GFT over the announced range and records it on
the record of fire.

6 Chg Computer announces and records charge. If it is not announced in
the fire order, the computer will determine the charge

7 Chart Df HCO determines and announces chart deflection. Computer
records it.

8 El Computer determines and records elevation.

9 Drift Computer determines and records drift in the computational space.

10 Df Corr Computer records deflection correction. Because there is no GFT
setting available, this element will be the same as drift.

1 Df Computer determines, announces, and records the deflection to fire
(DF CORR + CHT DF = DF TO FIRE).

12 Si VCO determines and announces site. Computer records it.

13 QE Computer tietermines, announces, and records quadrant elevation
(Si + EL = QE).

14 In Eff Computer announces and records the method of fire for effect.

16 Ammo Exp Computer records the number of rounds to be fired with the
announced firing data. Once the round(s) has been fired, the
computer circles the number.

16 Police of the ROF Computer ensures that all data pertaining to the mission are
recorded. Computer also determines and records data that could
be used in subsequent computations.
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b. Police of Record of Fire. Use the steps in Table 9-11 to police the record of fire.
Table 9-11. Police of the Record of Fire.

STEP | REFERENCE ACTION'

1 Delta FS (AFS) Determine after the first time fuze is fired.

2 100/R Always determined and expressed to the nearest mil.

3 20/R Always determined and expressed to the nearest mil.

4 Computational Space | Computer records the VCO’s math steps used to determine V1.

5 Ammo Exp ?or(;\puter circles the number of rounds when the howitzer(s) have
ired.

6 TF Computer determines and records the TOF. If it is not sent to the
observer during the mission, it is placed in parentheses.

7 PER Computer determines and records the PER. If PER is less than 38,

then <38 is recorded in parentheses. If it is greater than or equal to
38, then the actual value is recorded and transmitted to the
observer by the RATELO.

8 T When direction is received, the HCO determines and announces
angle T. Computer records it to the nearest 10 mils and places it in
parentheses. If it is greater than or equal to 500 mils, it is recorded
again to the nearest 100 mils (if not already expressed to 100 mils)
and transmitted to the observer by the RATELO.

9 SI() Computer records the site in the parentheses at the top of the SI
: column. During subsequent corrections, record this value on each
line used to compute fire commands.

10 Df Corr () Computer records the deflection correction in the parentheses at the
top of the Df Corr column. During subsequent corrections, record
this value on each line used to compute fire commands.

11 Exp and Type Computer circles the number of rounds when the howitzer(s) have
fired.

12 Surveillance Computer records end of mission surveillance in the lower
computational space if sent by the observer.

13 Tgt Computer records the target number assigned to this mission at the
bottom of the ROF.

14 DTG Computer records the date and time the unit entered the FFE phase

of the mission. If FFE is never entered, then the computer records
the DTG of when the unit ended the mission.

NOTE: If local time is not used, then the time zone designator must
be entered in the DTG.

16 Btry Computer records the battery or platoon designation.
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¢. HE/Q Fire Mission. Use the steps in Table 9-12 for a subsequent adjustment of an
HE/Q fire mission. An example ROF for this entire mission is shown in Figure 9-II.

Table 9-12. Subsequent Adjustment of an HE/Q Fire Mission.

STEP REFERENCE ACTION
1 Dir, MF, Sh, Fz, Dev, | Computer records the observers direction and subsequent
Rg, HOB Corr corrections.
2 MF, Sh, Chg, Fz Computer announces and records any changes to method of fire,
shell, charge, or fuze.
3 Chart Rg HCO determines and announces chart range. Computer places the

MHL of the appropriate GFT over the announced range and records
it on the record of fire.

4 Chart Df HCO determines and announces chart deflection. Computer
records it.

5 El Computer determines and records elevation.

6 Df Computer determines, records, and announces deflection (CHT DF
+ DF CORR = DF).

7 QE 8%r)nputer determines, records, and announces QE (EL + (Sl)=

8 Exp and Type Computer determines and records the total number of rounds (by
type) fired to this point.

9 Police of the ROF Computer ensures that all data pertaining to the mission are

recorded. Computer also determines and records data that could
be used in subsequent computations.

NOTE: Repeat steps 1 through 9 as necessary to complete the observer's corrections.
These steps are valid until the observer changes fuze or projectile. Site and deflection
correction are not recomputed; the observer will correct for inaccuracies or changes through
adjustments. An example ROF for this entire mission is shown in Figure 9-11.

d. High-explosive With Mechanical Time (M582).

(1) Determining data for an HE/ti round is exactly the same as HE/Q except for the
HOB correction and the fuze setting correction.

(2) A time fuze achieves the best effects on the target when it functions at a
20-meter HOB. To achieve the 20-meter HOB, the trajectory of the projectile must be altered to
cause the projectile to pass 20 meters above the target. By applying the mil-relation formula in a
vertical plane, the amount of mils the trajectory needs to be altered at any range is 20/R. When
the value of 20/R is used as the HOB correction, it will always be a positive value. The HOB
correction is included in the computation of QE. The HOB correction is added to the site (ground
site), and a total site is determined. This total site is applied to elevation to determine QE. The
HOB correction is applied only to the initial time QE.
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Figure 9-11. Example Record of Fire for an HE/Q Adjust-Fire Mission.
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(3) If subsequent adjustments for the HOB are necessary, then the FS is the only
element of firing data that is recomputed. Deflection and QE will remain the same. A FS
correction will be applied to the previous fuze setting. The FS correction will be a multiple of
A FS/ A 10M HOB. The A FS moves the functioning of the fuze along the trajectory by
increments of 10 meters. The observer will adjust the HOB by transmitting HOB corrections (up
or down) to the nearest 5 meters. The observer’s corrections in meters must be converted to
corrections in FS. The observer’s HOB correction is divided by 10 and then multiplied by
A FS/ A I0M HOB. This value is expressed to the nearest tenth (0.1) of a FS increment. Before
this can be applied as a FS correction, it must have a sign (). The sign is based on the direction
(up or down) of the observer’s correction. If the correction is up, then the fuze functioned late
and the FS correction must be subtracted. If the correction is down, then the fuze functioned
early and the FS correction must be added. Simply stated, for an up correction, the FS correction
IS negative; for a down correction, the FS correction is positive. An easy rule to remember is
USDA (up, subtract; down, add).

e. HE/T1 (M582) Fire Mission With HE/Q in Adjustment.

(1) Process the HE/Q adjustment as outlined in paragraph 9-5. Once the observer
has requested a change in fuze type to a mechanical time fuze, process the request as described in
Table 9-13. Figure 9-12 shows an example ROF for this type of mission.

Table 9-13. HE/Ti (M582) Fire Mission With HE/Q in Adjustment.

STEP REFERENCE ACTION
1 Dir, MF, Sh, Fz, Dev, | Computer records the observer's subsequent corrections.
Rg, HOB Corr
2 MF, Sh, Chg, Fz Computer announces and records any changes to method of fire,
shell, charge, or fuze. Computer announces FUZE TIME.
3 Chart Rg HCO determines and announces chart range. Computer places the

MHL of the appropriate GFT over the announced range and records
it on the record of fire,

4 Chart Df HCO determines and announces chart deflection. Computer
records it.

5 El Computer determines and records elevation.

6 Ti Computer determines, announces, and records the time setting.

7 Df Computer determines, records, and announces deflection (CHT DF
+ DF CORR = DF).

8 HOB Corr Computer determines and records the HOB Corr. 20/R is the HOB
correction, and it is a signed value (+).

9 Si Computer determines site. The HOB correction (step 8) is

algebraically added to the previously determined ground site. The
result is total site. It is recorded in the S| block.

10 QE Computer determines, records, and announces QE (EL + TOTAL
SITE = QE).
11 Exp and Type Computer determines and records the total number of fuze Q

rounds fired. When the shell or fuze type changes, the count starts
over and the previous type fired to this point is totaled.

12 Police of the ROF Computer ensures that all data pertaining to the mission are
recorded. Computer also determines and records data that could
be used in subsequent computations.

NOTE: Ensure AFS is determined during policing of the ROF. If

the observer adjusts the HOB, it will be needed to recompute the
FS. The FS determined in step 6 is used to determine AFS.
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(2) If a 20-meter HOB was not achieved, the fuze setting must be adjusted. At this
point in the mission, the observer does not make any range or deviation corrections. The only
corrections are for HOB. Therefore, the only firing data that will change are the fuze setting.
Use the steps in Table 9-14 to adjust the fuze setting, Figure 9-12 shows an example ROF for
this type of mission.

Table 9-14. Adjustment of Time Fuze.

STEP| REFERENCE ACTION
1 Dir, MF, Sh, Fz, Dev, | Computer records the observer's subsequent corrections.
Rg, HOB Corr

2 MF, Sh, Chg, Fz Computer announces and records any changes to method of fire,
ehall Aharma Ar fliza
>IN Wl IEIBU, Vi UL,

3 FS Corr Computer determines and records FS cormrection. The FS
correction is determined by dividing the HOB correction by 10 and
multiplying this value by AFS. The result is expressed to the
nearest tenth and is a signed value (USDA). The computations are
placed in the bottom computational space of the ROF (HOB
CORR-= 10) X AFS = FS CORR).

4 Ti Computer determines, announces, and records the fuze setting.
The fuze setting is determined by applying the FS correction to the
previous fuze setting fired.

5 Df Computer records deflection in parentheses (it does not change).

6 QE Computer records and announces QE.

7 Exp and Type Computer determines and records the total number of rounds by
type. When the shell or fuze type changes, the count starts over
and the previous type fired to this point is totaled.

8 Police of the Computer ensures that all data pertaining to the ROF mission are
recorded. Computer also determines and records data that could
be used in subsequent computations.

NOTE: Repeat steps 1 through 8 as necessary to process the observer's HOB correction.
An example of this mission is shown in Figure 9-12.

_ _f. HE/Ti (M582) FFE Mission. Use Table 9-15 for processing an HE/Ti (M582) FFE
fire mission. Figure 9-13 shows an example ROF for this type of mission.
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Figure 9-12. Example ROF for an HE/Ti (M582) Adjust-Fire Mission.
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Table 9-15. HE/Ti (M582) FFE Fire Mission Process.
STEP | REFERENCE ACTION

1 CFF Computer records the CFF sent by the observer.

2 Fire Order Computer records the fire order announced by the FDO.

3 Initial Fire Commands | Computer determines, records, and announces the fire commands.

FM Announced and circled or checked.

MF Computer determines, announces, and records the pieces to follow,
pieces to fire, and method of fire.

Sp Instr Computer announces and records as directed by the fire order.

Sh Computer announces and records if other than standard.

Lot Computer announces and records if other than standard.

4 MTO Computer records the MTO announced by the RATELO.

5 Rg HCO determines and announces chart range. Computer places the
MHL of the appropriate GFT over the announced range and records
it on the record of fire.

6 Chg Computer announces and records charge. If it is not announced in
the fire order, the computer will determine the charge.

7 Fz Computer records and announces fuze time.

8 Chart Df HCO determines and announces chart deflection. Computer
records it.

9 El Computer determines and records elevation.

10 Ti Computer determines, announces, and records the time setting.

11 Drift Computer determines drift and records it in the computational
space.

12 Df Corr () Computer records deflection correction. Because there is no GFT
setting available, this element will be the same as drift.

13 Df Computer determines, announces, and records the deflection to fire
(DF CORR + CHT DF = DF TO FIRE).

14 100/R Computer determines and records 100/R.

15 20/R Computer determines 20/R and expresses it to the nearest mil
(100/R 5 = 20/R).

16 HOB Corr Computer determines and records the HOB correction. 20/R is the
HOB correction, and it is a signed value (+).

17 Ground SI VCO determines and announces site. Computer records the ground
site in parentheses.

18 St() Computer determines and records total site (HOB CORR +
(GROUND S1) = TOTAL SI).

19 QE Computer determines, announces, and records quadrant elevation
(TOT Sl + EL = QE).

20 Ammo Exp Computer records the number of rounds to be fired with the
announced firing data. Once the round(s) has been fired, the
computer circles the number.

21 Police of the ROF Computer ensures that all data pertaining to the mission are

recorded. Computer also determines and records data that could be
used in subsequent computations. (See Figure 9-13.)
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Figure 9-13. Example ROF for an HE/Ti (M582) FFE Fire Mission.
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g. High-Explosive With Variable Time (M732/M728).

(1) The variable time, or proximity fuze, is designed to function at a predetermined
HOB (7 meters for M728/732). No HOB correction is needed because of the low HOB. The VT
has a built-in radio transmitter-receiver. The fuze transmits a signal. When the reflected signal
reaches a certain strength, the fuze will function.

(2) The VT fuze setting is determined from the time of flight of the projectile. The
TOF is determined to the nearest tenth of a second (0.1). However, a VT fuze cannot physically
be set to the nearest tenth. The scales are graduated in whole seconds; therefore, the TOF must be
expressed down to the whole second. If the TOF extracted is already determined to the whole
second, there is no need to express down. The VT memory aid “vanish tenths” will help you
understand the determination of the VT FS. Expressing down provides a greater assurance of an
airburst. About 3 seconds before the fuze is set, the fuze is armed and the radio transmitter is
activated. Whenever a VT FS is determined, recorded, or announced, it will always end in point
Zero.

NOTE: If the observer transmits a graze repeat, the automatic correction to the
VT FS is to subtract 1.0 seconds.

h. HE/VT Fire Mission With HE/Q in Adjustment. Process the HE/Q adjustment as
outlined in paragraph 9-5. Once the observer has requested a change in fuze type to a variable
time fire, process the request as described in Table 9-16. Figure 9-14 shows an example ROF
for this type of mission.

Table 9-16. HE/VT Fire Mission With HE/Q in Adjustment Process.

STEP| REFERENCE ACTION
1 Dir, MF, Sh, Fz, Dev, | Computer records the observer's subsequent corrections.
Rg, HOB Corr
2 MF, Sh, Chg, Fz Computer announces and records any changes to method of fire,
shell, charge, or fuze. Computer announces FUZE VT.
3 Chart Rg HCO determines and announces chart range. Computer places the

MHL of the appropriate GFT over the announced range and records
it on the record of fire.

4 Chart Df HCO determines and announces chart deflection. Computer
records it.

5 El Computer determines and records elevation.

6 Ti Computer determines, announces, and records the variable time

fuze setting. The computer first determines the TOF to the nearest
tenth and then vanishes the tenths and applies a point zero.

7 Df Computer determines, records, and announces deflection (CHT DF
+ DF CORR = DF).

8 QE Computer determines, records, and announces QE (EL + (Sl) =
QE).

9 Exp and Type Computer determines and records the total number of fuze Q

rounds fired. When the shell or fuze type changes, the count starts
over and the previous type fired to this point is totaled.

10 Police of the ROF Computer ensures that all data pertaining to the mission are
recorded. Computer also determines and records data that could
be used in subsequent computations. (See Figure 9-14.)
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Figure 9-14. Example ROF for an HE/VT Adjust-Fire Mission.
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I. HE/VT FFE Fire Mission. Use Table 9-17 for processing an HE/VT FFE fire
mission. Figure 9-15 shows an example ROF for this type of mission.

Table 9-17. HE/VT FFE Fire Mission Process.

STEP | REFERENCE ACTION

1 CFF Computer records the CFF sent by the observer.

2 Fire Order Computer records the fire order announced by the FDO.

3 Initial Fire Commands | Computer determines, records, and announces the fire commands.
FM Announced and circled or checked.
MF Computer determines, announces, and records the pieces to follow,

pieces to fire, and method of fire.

Sp Instr Computer announces and records as directed by the fire order.
Sh Computer announces and records if other than standard.
Lot Computer announces and records if other than standard.

4 MTO Computer records the MTO announced by the RATELO.

5 Rg HCO determines and announces range. Computer places the MHL

> ~A ol
of the appropriate GFT over the announced range and records it on

the record of fire.

6 Chg Computer announces and records charge. If it is not announced in
the fire order, the computer will determine the charge.

7 Fz Computer records and announces fuze VT.

8 Chart Df HCO determines and announces chart deflection. Computer
records it.

9 El Computer determines and records elevation.

10 Ti Computer determines, announces, and records the time setting for
fuze VT,

11 Drift Computer determines and records drift in the computational space.

12 Df Corr Computer records defiection correction. Because there is no GFT
setting available, this element will be the same as drift.

13 Df Computer determines, announces, and records the deflection to fire
(DF CORR + CHT DF = DF TO FIRE).

14 | Sl VCO determines and announces site. The computer records site.

16 QE Computer determines, announces, and records quadrant elevation
(Sl + EL = QE).

16 Ammo Exp Computer records the number of rounds to be fired with the

announced firing data. Once the round(s) has been fired, the
computer circles the number.

17 Police of the ROF Computer ensures that all data pertaining to the mission are

recorded. Computer also determines and records data that could

be used in subsequent computations. (See Figure 9-15.)
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15. Example ROF for an HE/VT FFE Fire Mission.

Figure 9
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9-6. Example of Completing the Record of
Fire for a Nonstandard Square Weight WP or HE Projectile

a. Several projectiles require corrections to firing data because of variations in square weight.

The determination of firing data incorporates the use of the GFT and the TFT. The basic HE mission
procedures must be altered to compensate for a deviation from the standard square weight from which
the firing tables were developed. The TFTs have tables that correct for nonstandard conditions, one of
which is weight. The computer must enter the appropriate TFT with the chart range to the target and
the difference in square weight (increase or decrease). The difference in weight is determined by
subtracting the standard square weight (or registration square weight) from the actual square weight of
the projectile to be fired. The range correction factor is extracted and multiplied by the change in
square weight. The result is expressed to the nearest 10 meters and is a signed value (). This value is
algebraically added to the chart range. This new range is known as the adjusted range and is used to
compute elevation and all elements that are a function of elevation. The following steps apply to
nonstandard square weight WP and HE projectiles.

NOTE: Normal HE procedures are followed until the observer requests the nonstandard
square weight projectile.

b. Table 9-18 lists the procedures for processing a WP/Q FFE mission following HE
adjustment. Figure 9-16 shows an example ROF for this type of mission.

Table 9-18. WP/Q FFE Mission Following HE Adjustment Process.

STEP |REFERENCE ACTION
1 Dir, MF, Sh, Fz, | Computer records the observer's subsequent corrections.
Dev, Rg, HOB
Corr
2 MF, Sh, Chg, Fz ch:]cz)quter announces and records any changes to method of fire, shell, charge, or
3 Rg HCO determines and announces range. Computer records the range on the left side
of the range block and places a slash after it.
4 Fz Computer records and announces, if applicable.
5 Chart Df HCO determines and announces chart deflection. Computer records it.
6 Detm Diff in Sq | Computer determines difference in square weight. Subtract the standard square

weight from the square weight of the projectile to be fired. The difference is recorded

as an increase (inc) or a decrease (dec). Record computations in the lower

computational space.

7 Unit Corr Factor | Enter Table F of the appropriate TFT with the chart range to the nearest 100 meters
sste? 3). Extract the range correction factor for a decrease or increase (Column 18 or

9) for 1 square. Record this signed value in the computational space.

8 Rg Corr Multiply the difference in square weight (step 6) by the unit correction factor (step 7).

Express this value to the nearest 10 meters.

9 Adjusted Rg Add the chart range (step 3) to the raré%e correction (step 8). Record this adjusted
rarage in the right side of the ra