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ABSTRACT

This report describes in detail the acquisition and analysis of
firing data as well as the conversion of the measured data to printed

firing tables,
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I. TABLE OF SYMBOLS AND ABBREVIATIONS
Azimuth correction for wind

Ballistic Research laboratories Electronic Scientific
Computer

Ballistic coefficient !
Combat Developments Command
Complementary angle of site

Deflection, drift

p VK, '

———————

C

Fork

Fuze setting

Fuze setting correction for wind

Gavre function

Graphical firing table

Graphical site table

Heavy, height

International Civil Aviation Organization
Jump

Drag coefficient

Latitude, lightweight, distance from the trunnion of
the gun to the muzzle

Mach number (velocity of ptojectile/velocity of sound)
Meteorological datum plane

Mean firing time

* Mean low water




AT E——. e e e ey e e o e ey

S

S NBEAgE R g v .

Sk o

MSL

N-Factor

PE

QMR

1ABLE UF SIMBOLS AND ABBREVIATIONS (Cuuiiunued)
Mean release time
Mean sea level

Factor for correcting the velocity of a projectile of
nonstandard weight

Probable error

Qualitative materiel requirement
Range

Range correction for wind

Spin

Observed time of flight, target
Velocity

Vertical interval

Weight, wind, wind speed

Headwind
Tailwind

Range wind

Cross wind

Deflection

Accelerations due to the rotation of the earth

Diameter
Acceleration due to gravity
Height of the trunnions of the gun above mean low water

Calibers per revolution, 1/n = twist in revolutioms per
caliber
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Standard deviation
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Chart direction of the wind
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Components of the earth's angular velocity
Angle of elevation, angle of departure

Alr density as a function of height

Angular velocity of the earth

Mil ‘
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Initial value
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Standard value'
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I1. INTRODUCTION
Ideally, a firing table enables the artilleryman to solve his fire
problem and to hit the target with the first round fired. In the pre-

gent state of the art, this goal is seldom achieved, except coinci-

. «dently. The uese of one or more forward observers, in conjunction with

" the use of a firing table, enables the artilleryman to adjust his fire

and hit the target with the third or fourth round fired.
It is, however, the ultimate goal of the Firing Tables Branch of
the Ballistic Research Laboratories (BRL) to give the artilleryman the

tool for achieving accurate, predicted fire,

This report 1s concerned with the steps involved in the production
of a current artillery firing table. with principal emphasis on the
conversion of measured data to printed tables, No report has been
published on the computatipnal pfocedures for producing firing tables
gince that of Gorn and Juncosa(l)*in 1954, As a new high speed compu-
ter, with a much larger memory, the Ballistic Research Laboratories
Electronic Scientific Computer (BRLESC), has been added to the compu=
ting facilities at BRL, the computation of firing tables has become
more highly mechanized than it was in 1954,

Nn description has been published of the process by which the
necessary data for a firing table are acquired., Thus, the purpose of
this report 1s two-fold: to update the work of Corn and Juncosa, and
to trace the history of a firing table from the adoption of a new weapon
or a new plece of anmunition to the publication of a table for the use

of that weapon or ammunition in the field.

*Superscript numbers in parentheses denote references which may be found
on page 80, 10




III. REOUIREMENT FOR A FTRTNG TARLFE

Whenever a new combination of artillery weapon and ammunition goes
into the field, a firing table must accompany the system. There is a
rather lengthy chain of events leading up to the placing in the field
of a new weapon or a new projectile., Initially, the requirement for
such an item is written‘by the Combat Developments Command (CDC). The
qualitative materiel requirement (QMR) set up by CDC is very detailed,
listing weight, lethality, transportability and many other attributes
as well as performance characteristics.

After the item has passed through the research and development
stage, it is subjected to safety, engineering and service tests. When
all tests are passed satisfactorily, the item is classified as standard
and goes into production. As soon as ;he production item is available,

it and its firing table are released to troops for training.

Thus as soon as a QMR is published, it 1s known that a firing table

will be ultimately required. In addition, a provisional firing table

will be needed to conduct the firings for the wvarlous tests of the item. .

e e aa T




IV. ACQUISITION OF DATA FOR A FIRING TABLE

We acquire data for firing tables in several stages and for several

el e R e

purposes: to provide velocity zoning, to produce a provisional table and

-
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x to produce a final table. -

e s

A, Data for Velocity Zoning

Velocity zoning can be defined as the establishment of a series of
finite weights of propellant, called charges, which are to be used to
deliver a projectile, by means of a given weapon system, to certain ﬁ
required ranges, Within each zone, or charge, an infinite variation of ;
elevations permits the gunner to deliver the projectile at any range up

to the maximum for that charge. Zoning gives flexibility to a weapon % ‘;

system, 4

For a given projectile, fired from a given weapon, by means of a

S e R e e ey

DT

given propellant, the range of that projectile is a function of the ele=- %

vation of the tube and of the amount of propellant used. For a given

SRR

amount of propellant, maximum range 1s reached with an elevation in the ]

§l neighborhood of 45°. The maximum amount of propellant which can be used
is governed by the chamber volume of the weapon and by the maximum gas

§ pressure which the weapon can safely withstand.

It is the responsibility of the Firing Tables Branch of the Ballistic

Research Laboratories to zone artillery weapons. The zoning is done in

such a way as to meet the criteria established by the qualitative materiel

VR I

requirement. THE QMR establishes (1) either a maximum range or a maximum

muzzle velocity, (2) a minimum range, (3) a low or high elevation .

critericn, or a mask clearance criterion, and (4) the amount of range

overlap. These criteria will be discussed on the following page.

12
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The first step in the zoning process is to compute a series of tra-
jectories,* all at an elevation of 45° at various muzzie veloclties up
to and Iincluding the maximum velocity. From these data a plot is then
made of muzzle velocity versus range. The next step is determined by
the criterion set up by the QMR in (3), above, with its three possibili-
ties. (a) If the weapon is a gun, trajectories may be computed for
various muzzle velocities, all at an elevation of 15°. (b) 1If the |
weapon in a howitzer, trajectories may be computed at various muzzle !
velocities, all at an elevation of 70°. (c) For either type of weapoﬁ, |
however, a mask clearance criterion may be used. A mask clearance

requirement might be stated as: 300 meters at 1000 meters. 1In other

words, all trajectories must clear a height of 300 meters at a distance

from the weapon of 1000 meters. If this is the criterion established

by the QMR, a series of trajectories is computed at various muzzle

velocities, all clearing a 300 meter mask at 1000 meters.

Thus, depending on the requirements for the weapon system (15°, 70°

or mask clearance), data are obtained for a second velocity~range

relationship., These values are plotted on the same graph with the 45°

curve. By means of these two curves, zoning 1s now done graphically. i
If the maximum range has been established by military requirements, |

the horlzontal line is drawn, between the two curves, that intersects

the 45° curve at this range (Figure 1). This is the velocity for the

zone with greateat range (highest charge). If, however, the maximum

velocity has been established, the horizontal line is drawn that

*The method by whioh trajectories are computed ie deseribed in
Section V. 1
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intersects the two curves at this velocity. This line's intersection with
the 45°-curve will show the maximum attainable range. Usually, the QMR
states that zoning must provide for a 10 percent range overlap between
successive zones, This overlap is determined by computing 10 percent of
the minimum range on the horizontal line, adding this to the minimum range

and dropping a perpendicular from this point to the 45°-curve. From this

T point of intersection, a horizontal line 18 drawn to the other curve,
determining the next lower charge. This process 1s continued until the
minimum range, set by military requirements, is reached. The number of

f ; charges for a typical gun system 1s three; for & typical howitzer system,

J seven.

The tests that are conducted during the research and development

stage of the item's exlstence are all fired with the charges established

J ; by this zoning. If the item is so modified that the zoning no longer
satisfies the QMR, a new velocity zoning is established. Thus, at the

end of the research and development stage, final zoning has been

o established.

B. Data for Provisional Table

A firing table is basically a listing of range-elevation relationships

for a given weapon firing a given projectile at a given velocity under

arbitrarily chosen "standard" conditions. In addition, information is
glven for making corrections to firing data due to nonstandard conditions
of weather and materiel. . i
This type of data is necessary for the conduct of safety, engineering | f
and service tests of a weapon system,.before it can be accepted and

classified as standard. Hence a provisional firing table must be provided

15
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for firing these tests. The data for a provisional tahle are gleaned

from all available firings during the research and development phase,
These data do not come from a series of firings designed to furnish firing
table data, hence the provisional table is at best as accurate an estimate
as can be made of the range-elevation relationship of the system, and of
the effects of nonstandard conditions. This type of table is adequate,

however, for conducting the tests.

C. Data for Final Table

A range firing program is drawn up and submitted, for inclusion in
the engineering tests, to the agency that will be conducting those tests.
The program is so designed (Table I) that the range-elevation relationship
with both standard and nonstandard materiel can be determined. Only two
nonstandard conditions of materiel are considered: projectlle weight and
propellant temperature. The arhitrarily chosen "standard" propellant
temperature for Unitad States artillery ammunition is 70° Fahrenheit,

At the time of firing, pertinent observed data are recorded and for—
warded to the Firing Tables Branch (Tabic II), From the firing and
meteorologlcal data obtained, corrections can be determined for nonstandard

conditions of weather: wind velocity and direction, air temperature and

density,

.

Because of the mission of an illuminating projectile, less accuracy
of fire is required than with an HE projectile. A range firing progran
for an illuminating projectile is, consequently, less extensive. A

typical firing program is shown in Table III.

16
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Tahle T. Tynical Range Firing Program for HE Projectiles

105mm Howitzer M108
firing
HE Projectile Ml

Elevation ¥y, ol Condition
(degrees) Rounds
5 10 std., wt. (33 lbs), std. temp. (70°F).
15 20 Std. wt., 10 rds. at 70°, alternating

w/10 rds. at 125°.

25 20 Std. wt., 10 rds. at 70°, alternating
w/10 rds. at 0°.

35 20 Std., wt., 10 rds. at 70°, alternating
W/lo rd‘. &t —40°.

45 10 Std. wt., std. temp.

55 20 Std. temp., 10 rds. of 32,5 lbs.,
altarnating w/10 rds., of 33.5 lbs,

65 - 10 Std, wt., std, temp,

(Max. trail) -3 10 Std, wt., std. temp.

The above program of 120 rounds is to be fired for each of the seven

charges with propellant M67.

17
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Table II. Complete Range Data for Artillery and Mortar Firing Tables

A. General Information
1, Weapon
a. Complete nomenclature
b. Length of tube, defined as distance from trunnions to muzzle
2. Projectile
a. Complete nomenclature
b, Lot number
3. Fuze
a. Complete nomenclature
b. Lot number
4. Propellant
4, Couplete nomenclature
b. Lot number
5. Impact data%
a. Land: height of impact area above mean low water or mean
sea level
b, Water: tide readipgs every hour-bracketing times of firing
B. Metro¥*
1. Metro aloft every hour - bracketing times of firing

2, Altitude of met station above mean low water or mean sea level

= :
Impaot data are not to be eupplied for illuminating ehell., Time to
burst, range to burst and height of buret above MLW or MSL are nequired
ingtead.

**Metro rgferenced to the line of fire.

18
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C. Round-by-Round Data

1.

2.

16.
170

Date

Time of firing

Test round number and tube round numb~r

Azimuth of line of fire

Height of trunnions above mean low water

Angle of elevation (clinometer), before and after each group
Charge number

Propellant temperature

Fuze Temperature (whenlapplicable)

Projectile temperature (when applicable)

Projectile weight

Slant distance from gun muzzle to first coil, and between coils
Coil time

Time of Flight

Range

Deflection*

Fuze setting (when applicable)

]
Not rvequired for illuminating shell.

19
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Charge

Typical Range Firing for Illuminating Projectiles*

105mm Howitzer M108
firing
Illuminating Projectile M314

Elevation (degrees)

20 25 30 35 40
X

X

X X

X X X

X X X

X X X

X X X

10 rounds are to be fired under each condition.

*auL chargea are not fired at all elevations, becauge low ohargee will
not fire the projectile to the requisite height (750 meters) at low

elevationa,

20

45

2 X X

»
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V. ANALYSIS OF RAW DATA
We must select the appropriate equations of motfon and the appropriate
drag coefficient in order to reduce the range firing data.

A. Eguations of Motion

The equations of motion, incorporating all six degrees of freedom of
a body in free flight, have been programmed for the BRLESC and are used
(2)

for the burning phase of rocket trajectories. The procedure is a
very lengthy one, however; even on the very high speed BRLESC, average
computing time 18 approximately &4 seconds per second of time of flight.*
For cannon artillery tables, this computing time would be prohibitive. 1In
preparing a firing table for a howitzer, we compute about 200,000 trajec—
tories having an average time of flight of about 50 seconds. This would
mean approximately 10,000 hours of computer time! ;
In contrast, the equations of motion for the particle theory, which
are currently used for computing firing tables for cannon artillery, use
far less computer time: approximately 1 second per 160 seconds of time of
flight., For the same howitzer table used as an example above, approxi~
mately 20 hours of computer time are required.
Although the trajectory computed by the particle theory does not yileld
an exact match along an actual trajectory, it does match the end points.

For present purposes, this theory provides the requisite degree of accuracy

Kk
for artillery firing tables.

*Thia Zong computing time ig for spimning projeatzles. Machine time for
nonapinning or slowly spinning rockete and miseiles 18 in the ratio of
approzimately 100 sesonds per 60 seconds of time of flight.

L]
At the time of writing, a new procedure is evolvtng. Because it ts

expected that greater acouracy will be required in the futuve, the equa-

tiona of motion, {br three degrees of freedom, in a modified form have

been developed. ( When thie new method has been fully programmed for

BRLESC, all firing table work will be computed with the new equations.
21
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describe the particle theory are referenced to a ground-fixed, right
hand, coordinate system. The equations of motion which are used in the

machine reduction of the firing data ave:

- - D (% -
X e (x - W) +a,
DVKD .
=-—2D v _-g+a
y C y- 8 v
OVKD
E-———C- (z-wz)+az

where the dots
X, vy and z

p
A

and 8y ay and

earth.

indicate differentiation with respect to time,
= distances along the x, y and z axes,

= gir density as a function of height,

= velocity,

= drag coefficient,

= ballistic coefficient,

= range wind

= cross wind

= acceleration dua to gravity

a, are accelerations due to the rotation of the

For a given projectile, KD varies with Mach number and with engle

of attack, The ballistic coefficient, C, defined as weight over dia-

meter squared (W/d%) is a constant. MHowever, for convenience in handling

data along any given trajectory, KD is allowed to vary only with Mach

number, and C becomes a veriable. In other words, the KD used is that

for zero sngle of attack., In actual flight, drag increases with an

22
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increase in angle of departure, due to large summital yaws at high
angles. Thus, if KD is not allowed to increase with increasing angle,
C will decrease in order toc maintain the correct KD/C ratio. Up to an
angle of depaxture of 45°, however, summital yaws are so small that C
is usually a constant for any given muzzle velocity.

B. Drag Coefficient

Before any trajectories can be computed, the drag coefficient of i 1
the projectile must be determined. In the past, one of the Gdvre func- : b
tions, (G} through GB) with an appropriate form factor, was used. i k-

Today, most of the firing table computations are made with the drag f

coefficient for the specific projectile under consideration,
If a completely new configuration is in question, the drag coeffi- -
cient is usually determined by means of firings in one of the free-flight

ranges(“'s) of the Exteriovr Ballistics Laboratory. The drag data thus

obtained are then fitted in a form suitable for use with the BRLESC(6)

Uéually. the drag coefficient is determined rather early in the
research stage, If the configuration is modified only slightly during b Lg
its development, differential corrections can be applied to the original |
drag coefficient. For example, the effects of slight changes in head i
shape, overall length, boattail length or boattail angle can be quite
accurately estimated, as these effects have been determined experimentally. -
{See rcferences 7-14.) If a major modification is made to a projectile,
such as a deep body undercut, a new drag curve must be determined

. experimentally. . B

23
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? C. Reduction of Range Firing Data

[
it

(3}
[N
£
t
0

All of the rounds fired with ©
handled at one time. The following description of the reduction of data
applies to one charge. Each charge is handled successively in exactly .

the same manner. Because mcst of the parameters determined by the re-

T

k duction of data are functions of muzzle velocity, judgment must be used
in correlating the values obtained for each charge, before the final

§ % computations are made for the printed firing table.

The following discussion iz divided into two main sections: the é}

first describes computations preparatory to the reduction of data for }

the ‘ballistic cnefficient; the second describes the reduction for the

A T T L TR P TR

ballistic coefficient,

1. Preparation for Reduction for Ballistic Coefficient. %;

a, Formation of Points. As shown in Table I (page 17), simi- 1

lar rounds, under similar conditions, are fired in groups of ten. Each

R e

S | group is designated as a point. As moon as raw data are received, the

instrument velocity of each round in a given point (supplied by the

e

i
N B agency conducting the range firings) is plotted against its range. Any

inconsistent rounds are investigated and, if a legitimate reason for

doing so is discovered, are eliminated from any further computations,*

T S TP

The remaining rounds constitute the point,

All of the computations concerned with the reduction of the observed
data are machine computacions. The only handwork 1s the plotting of .

rounds described here.

® 3 ’ s ] . 13 :
Poggible reasone for eliminating a round inelude: <incorrect charge, 1
weight, or temperature.
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for each round for use in the computation of muzzle velocity for the
given round. Metro aloft is computed for each point for use in the
computation of ballistic coefficient.

To compute metro aloft for any given point, linearly interpolated
values, for even increments of altitude, are determined from the observed
data. A linear interpolation factor is then computed, based on the mean
release time of the given balloon runs and the mean firing time for the
glven point.' This factor is used to weight the observed metro data at
the given intervals to obtain the metro structure to be used with the
given point.

In Figure 2:

MRT = mean release time, (release time + 1/2 ascension
time)
MFT = mean firing time, (mean of all rounds in the point)
y = gltitude,
W, = range wind,
wz a cross wind,
T =w air temperature,
p = air density.

Surface metro is computed in a similar manner, the !inear factor
being determined by using the release time of the given balloon runs
and the firing time of each given round.

¢, Muzzle Velocity. The unordinates of the muzzie are the
initial coordinates of each trajectory, At Aberdeen Proving Ground,
the origin of the co-ordinate system is the intersection of a vertical
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Point 1

MFT

MRT1 < MFT < MRT2

Interpolated Metro Data
Yoo Welys Wplys Ty, Pl

Balloon 2

»te

'

Interpolated Metro Data
Yoo We2yy W2y, T2y, 924

® = MRT2 - MFT
MRT2 - MRT1

!

Metro for Point 1

Nog = BGHLL + (1 - ©)(2,)
wzi - e(wzli + (1 - 9)(wzzi)
Ti - O(Tli + (1 - 9)(T21)

py = 8(ply + (1 = 8)(p2y)

Figure 2. Matro structure for use with a given point
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£ the g and a horizontal line established

by mean low water. The coordinates of the muzzle are, therefore:
X "= L cos@,
Yo = h+ Leing,

where L = distance from the trunnions of the gun to the
muzzle,

o, " angle of elevation of the gun,

height of trunnions above mean low water.

After leaving the muzzle of the gun, each round (magnetized just
prior to firing) passes through a pair of sclenoid coils. These colls
are placed as close to the muzzle as possible without danger of their
being triggered by blast or unburned powder, The time lapse as the
projectile travels from the first coil to the second is measured by a
chronograph; the distance from the muzzle to the first coil, and the
distance between coills are known. :Using the equatiods of motion, an
estimated C = w/d2 (of the individual round) and the obsetved metro, we
can simulate the £light of the projectile., By an iteration process,
muzzle velocity is determined for each round s;ch that the time-distance
relationship given by the computed trajectory matches that measured by
the chronograph. |

d. Meana and Probable Erroxs, per Point. For each point, the
mean and the probable error are computed for: range, muzzle velocity,
deflection, time of flight, height of impact, weight, time to burst
(when appropriate) and fuze setting (when appropriate)., For any given

get of data {xi} (1=1, 2, 3..,. n), the mean,
- 3 x
X = E: i
n
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Probable errors are computed 1ir. two ways, by the root-mean-square
method and by successive il fierences. Both probable errors are printed,
followed by the preferred (smaller) probable error.

Probable error by the root-mean-square method:

PE = S (Kent~factor) (aee Table 1V)

where

where § =Xy (1 =1, 2, 3... n=1).

1" %14
e. N=Factor. One of the conditions that affect the range of
& projectile is its weight., Hence it must be possible to correct for
a projectile of nonstandard weight,
Given some standard velocity, Vs and some standard weight,

Wy and assuming all deviations from standard weight to be small, we

can compute a number, N, such that

AV oy V
an =N ﬁf

where AV = Vg -V, .

MW = Wy = Wy

Subscript 8 = standard

n = nonstandard
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Table 1IV. Kent Factors

Computation of Probable Error (PE)
by Standard Deviation (s) and Successive Differences (§)

a2
n

where A = deviations from arithmetic mean, n = number of observatlons

Let s be the observed standard deviation, then the best estimate
for the PE, l.e., such that average PE—..y true PE, is given by

6745 8 @hd

(2ﬂ/m)1/2

PE =

See Deming and Birge, Reviews of Modern Physics Vol. 6, No. 3, g
July 1934, P, 128

n PE/s a PE/s a PE/s n PE/a
2 1,19550 21 .69984 40  .68747 59  .68322
3 .93213 22 .69863 41 .68715 60  .68307 |
4 .84335 23 .69733 42  ,68684 61 .68293 o
5 .80225 24 ,69652 43 .,68655 62 .68279 [
6 .77650 25 .69560 44 ,68627 63  .68265 o
7 75939 26 .69476 45 .68600 64  .,68252 : Ig
8 74719 27 .69398 46  ,68574 65 .68240 ‘
g .73803 28 69325 47  , 68550 66 .68228 l
10 .,73096 29 ,69258 48  .68527 67 .68216 I
11 .72529 30 .69196 49  .68504 68  .68204 P
12 .72065 31 .69138 50 .68482 69 .68193 I "
13 (71679 32 .69083 51 68462 70 .68183 |
14 .71353 33 .69032 32 .68442 71 .68172 f
15 .71073 34 .68984 33 .6B423 72 .68162
16 ,70831 35 .68939 54  .68404 73 .68152
17 .70619 36 .68896 55 .68386 74 .68l42
18 .70432 37  .6B856 56 +68369 75 68133
19 .70266 38  .68818 «68353 +67449
20 .70117 39  .68782 «68337

2
PE by successive differences = '6745 V b2l 4769 V ﬁﬁl
n-

where § = differences between auccessive obegaervation, n = pumber of .
observations
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In order to determine N, 20 rounds (see Table I) at standard tem-
perature are fired at the same elevation and muzzle velocity. Ten of
these rounds, weighing less than standard, are fired alternately with
10 rounds weighing more than standard. The N-factor 1s computed from

these data using the followjing equation:

k

T AV aw W
i=i 1 i

K 2
iy 4%

N w
vs

AWy = WHy - WL,

and, Vlli = velocity of the ith heavy round
VLy = valoﬁity of the ith light round
Wi, = weight of the ith haavy round
WLi = yeight of the ith light round

The equation for computing N-factor was determined by a least

squares technique as follows: ,

lat, G () = E{Av1 - ¥ Y_g_ awy ) ?
I
3G _(N) = 2 av -N_;Aw AWy |w 0
L m Zl[{ 1 1} 8 1]
thus, EE__ﬁz____i ) :5
1§1 o, 2 .
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f. Change in Velocity for a Change in Propellant Temperature.
As shown in Table I, range firings are conducted with rounds conditioned
to varlous nonstandard propellant temperatures (-40°F, 0°F, 125°F) alter-
nated with rounds conditioned to the standard propellant temperature
- (70°F). The following information can be obtained for a given pair of
points:
\Y as v o W

- W
' 70°" "70%" -uw0®’ T-uo

V70°' w70°; voon woo

o

Vager Wyged v123" LPPTL
where, V = velocity
W = yelght.

The V70°'° and Wbo.‘s for all three firings are not necessarily
equivalent.
ﬂ ' Since the weight for each .point 1ls not necessarily standard,
the N-factor for each charge is used to strip out the effects of pro~
i Jectile weigh;. Given some velocity V?o‘ some welight w70°’ and some
: standard weight W, the standard V is computed,
Since, &V = N i W,
where, AV = V70° -V

LR R

- na— -
then, V70. V=N é (w70° W),
- - —N - ¥
. and v V70,/| 1 W (W W70,)]

Thua all six points must be corrected for nonstandard projectile

weight. Then,

v V_qoa V7oo
—40° © N TN
1 - (ﬁ)(w - w_uoo 1 (w)(w w7°J
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By the same process, a AV is computed for the 0°F point and the
125°F point. A least squares technique is then used to compute a function
6V =a (T=~70°) +a, (T- 70°)2
using the three given data points at -40°F, O°F and 125°F.

g. Compensation for Rotation of Earth. The final computations
to be made in preparation for determining the ballistic coefficient are
those to determine the coefficlents used in the equations of motion to
compensate for the rotation of the earth.

2 Qcos L sin a

>
 §

2 Q8in L

>
]

2 Qcoslicosa

>
[ ]

where, 7] angula; velocity of the earth in radians/second

. 0001458424

[~
Lo
| ]

latitude .

-
| ]

azimuth of line of fire, measured clockwlise
from North

Q
| ]

In the equations of motions given on page 22:

ax-“A9

»

ay = A\ X
aznkz;t-kas'
2. Reduction for Ballistic Coefficient.
a. Ballistic Coefficient and Jump. The raw data, including
metro, atre by now procesaéd; all parameters except the ballistic coeffi-
clent are now available for solving the equations of motion. The

available data are: elevation (p), drag coefficient (Kp ve M), standard

weight and velocity, initial coordinates of the trajectory (xg» yo» Zo)»
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metevtvlogival condlilons [vange wind (W ), cresevind (wz>' afr denaity
and air temperature at even intervals of height], means and probable

errors (xw, Vo By PEx' PEV’ PE_, PET), time of flight, and the rota-

w D

tional forces (Al. Az, Aa),

An iterative process is used to determine the ballistic coeffi-
cient. As a first approximation, C is set equal to weight/diameterz.
By computing a trajectory to ground (y, = 0), the equations of motion
are solved for each point, using all the available data for the given
point. The computed range is then compared with the observed mean range
for the point. If the ranges do not match®, C is adjusted by plus or
minus C/16 (plus if the computed range is less than the observed range,
minus if it is greater) and another trajectory is computed. If this new
range does not match the observed range, another C is computed either
by interpolation {if the two computed ranges bracket the observed range)
or by extrapolation (if the two computed ranges do not bracket the ob=
served range). This process is repeated, aliways using the last two
computed C's for the interpolation (or extrapolation), until the computed
range matches the observed range with the required tolerante., The final
C is called the ballistic coefficient from reduction (Cred)‘

As part of the same program, a change in range for a unit change
in C is computed for use in future computations. To obtain this value,
AX/AC, a trajectory ig computed with

- -8
c Cred +2 Cred

resulting in a renge value, X . Another trajectory is computed, with

*
The present BRLESC program raquires the ranges to mateh to 1 = 1078
metera.
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resaulting in a range value, X,.

.

ax . A%
thug == = (———— ). ‘
AC =7 ¢

red

As stated eariier, the C used in the muzzlc velocity computations
was merely C = W/dz. If this C is in error by a significant amount,
the muzzle velocities computed using this € would also be in error.

At the time muzzle velocity was computed, two C's were used for
each round: C1 = W/d% and C2 = 1.1 W/d%. Hence two muzzle velocities
were obtained for each round: ‘Jl and Vz" Thus it was possible to com-

pute a change in velocity for & one percent change in ballistic coeffi-

¢cient.
4 @y, Ay
dC 1 C1

where AV ie the mean of the absolute values: |V, - V|,

V1 and V? are mean values for all rounds in the point, and C

‘i8 corrected to standard weight,

The change in C for a one mil change in elevation, AC/A@, is also
computed in the reduction program, The Cred corresponds to the eleva-

tion,p , of the particular data point. This elevation is increased by

one mil and the point is then reduced again, for a new ballistic coeffi-

cient, C'.

thus:
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The foregoing procedure is used for obtaining AX/AC for all the
dala poluts and AC/Ap for each data point whose elevation was cqual to
or less than 45°,

Because final computations for firing table entries make use of the
ballistic coefficient for a projectile of standard weight, all C's must

now be corrected to standard weight.

- -~
c = Cred
corrected wabserved

By comparing the ballistic coefficient used for determining muzzle
velocity (Cvel) with the corrected ballistic coefificient determined from
the reduction (Crad) we can judge the significance of any error ia the

Cvel’

AV = QES%XL'. A

AC = ICvel - Ccorri

If this AY. the velocity error due to using An incorrect Cvei, is greater
than 0.5 meters per second, muzzlie velocity must be recomputed using the
ballistic coefficient oltainei from the reduction, In actual pfactica,
it is seldom, 1f aver, necessary to reéompute muzzle velocity.

©, up te this poipt in the compntations, has been defined as the
angle of elevaticu of the gun. The angles listed in a firing table,
however, are angles of departure of the projectile. Although the differ-
ence between the angle of elevarion of the gun and the angle of departure
of the projectile is small, it does exist and is defined as vertical
jump. The shock of firing causes a momentary vertical and rotational

movemert of the tube prior to the ejection of the projectile. Thise
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morion changes the angle of departure of the projectile from the angle
of elevation of the static gun. Because jump depends mainly oun ihe
eccentricity of the center of gravity of the recoiling parts of the gun
with respect tc the axis of the bore, it varies from weapon to weapon
and from occasion to vzcasion. In modern weapons, vertical jump is
usually small., For this reason, being only a minor contributing factor
to range dispersion, jump is not considered in the field gunnery problem.
It 18 considered desirable, however, when computing data for a
firing table, to coupute jump for the particular weapon, fired on the
ipenific occasion for obtaining firing table data. Thus the firing
table data will ba publisﬁed for true angle of departure, and the jump
of 8 weapon in the field will not be added to the jump of the weapon
used for éompufiﬁg the table.
| As mentivned earlier, the bullistic coefficient, considered as a
function of sngle of departure, is a con#tant up to an angle of 45°; a
variable, dua to large summital yaws, for angles greater than 45°.
Having determined the corrected ballistic coefficients for all points,
we now determine the best value to use for the constant C for ¢ g 45°
(5).* The desired C is a function of angle of departure, not of eleva-
tion., Hence, it is necessary to take into account the effect of jump
(J) on C. The C and J cbtained will be used to compute or will influ-
ence, the range listed in the firing table, In the computation for T
and J, the objective being to match observed data, range error (AX) must

be minimized.

*
All rounds fired with nonatandard propeli mt temperature are exoluded
from the computatione for the fits of ballistic coefficient and jump.
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A least squares method is used for the function, f = E(AX)Z, to
minimize the residuals. The error in C will be
AC = C - Coorr. for J

where

C C* .t (ac/bp) 3.

corr. for J cor

The product of AX/AC, obtained above, and AC gives the amount of
error in range due to selecting a given value for C and J. Combining
this information: ,

g -151{[6 ) (cc"“i ' %-C‘ai. J)]é}éi }2'
where n = number of data points.

To minimize the residuals, the function is differentiated first
with respect to C and then with respect to J. Equating these pargial
derivatives to zero, we have two equations with two unknowns which can

be solved simultaneously for C and J,

@ [ zesnor)e-[2dydh’ ) - Do, X072
@ -[T(c/am ax/a0) |6 + [ac/u0)? AX/AG2 ] = - Gy, (AR/AC)2(AC/20)

The value of 6, thus obtained, will be used in all computations
vhere ¢ < 45°, 'Therefore, a check mumt be made for any significant
difference between this value and the value used for computing muzzle
velocity, Cyaps just as was done for Cpoq and C,qq.

It 18 assumed that the value for jump is constant for all eleva-
tions. Using this value plus the observed angle of elevation as ¢, the
angle of departure, the high angle points are now reduced for ballistic

coefficient, Cred' The process for obtaining Cred' and other factors,

[3

e Cped (Wtatandard/Wtobserved) as deeortbed on page 35.
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for each high angle point, is the same as that for low angle points
(of course eliminating the C and J computations). Ceorr 18 then compu-~

ted for each point:

Coorr Cred (wstandard/wobserved)'

The next step is to fit these values of C as a function of ¢,

corr
where ¢ > 45°, satisfying the following three conditions.
(1) The equation must be a quadratic of the form:
C-ao+al¢p+32¢2.
(2) The value of C = £ (@ must equal ¢ at the point of
Juncture (™.
C= a, +a) ok + a, p*2,
(3) The slope of C : £ (¢) must be zero at the point of
Juncture.
0 =a, +2a, ¢
From (3), g, - -2 ach*. Substituting this in (2), a, = g+ a, (p*z.
Substituting both of these in (1), C = C + a, (@2 =2 %o + ¢P)

The error (AC) between the observed value (C ) and the computed

corr
value (&) must now be minimized. A least squares technique is again

uged, with the function

F -E{ccorr -[6+ 42 (" 20" +¢2).]}2

The partial derivative of F with respect to a, 1s equated to zero. Thus
a, can be obtained, hence a, and 8, from the previous equations. 1In
this manner, the equation for ballistic coefficient for high angle fire

is obtained.

Cmf(pm=a,+a, ot a,p2
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A computation 18 now made to determine the m gnitude ol ilie raige
error due to uaing angle of elevation plus jump, and the emppropriate
ballistic coefficient. For each low angle point, the range is computed
using (oo, + J) and C. Then, A

X ) & ! = PE = Error
[observed] ~ "0 ¢ J, C]' E, = Range Err

For each high angle point, the range is computed using {(¢o + J) and
C=f (). Then,

X[observed] = *[p + 4, C = £ @0)]' - PE; = Range Error

A tabular summary, of the foregoing explanation of the determina~
tion of ballistic coefficient, may be helpful in understanding this
ﬁrocedure.

Steps in the Computation of Final Values
for Ballistic Coefficient

1. First approximation: C = W/d?

By an interative process, one obtains:

?.. cred (for all points)

In the same portion of tl{a program, one obtains:
AX/AC (for all points)
AC/bp (for points: ¢ S 45°)

3. ccorr' G1:'ed (wstandard/woburved)

4, C and J (for points: ¢ < 45°)

Using: AX/AC, AC/Ap and C ... obtained above,

In the same portion of the program, one obtains:

comparison of C__, and C (using C, o+ J)
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5, New Cred (for points: ¢ > 45°)
Using: ¢ = (observed angle of elevatiomn) + J

. °
6. C_ . (for points: ¢ > 45 )

7. Fitof G, = f (@) = C

By minimizing AC (= C,,.. -~ C)
8, C = f () (for points: > 45°)
9. Determination of range error due to using C and C = £ (¢);
®, + J,

b, Change in Range for Change in Elevation, Velocity and
Ballistic Coefficien;. For use in later computations, three other
quantities are computed in the reduction prougram: a change 1n'range
for a one mil change in elevation, a change in range for a one meter
per second change in muzzle velocity and a change in range for a one
percent change in balliatic coefficient. ¥For each of these quantities,
a plus and a minus change is made to the standard value for each point
(0 = 1nil , V' =V, 10 £/s, C' = Co £ 278 C) and trajectories
are computed. The difference in range (e.g. x‘P_+ 1 -ﬁm - 1) divided by
the change in standard (e.g. 2 mils) yields AX/Ap, &X/AV and AX/AC.

¢, Drift. In addition to ballistic coefficient, deflection
i1s obtained from the reduction program. Total deflection of the pro-
jectile, or lateral displacement from the 1ine of fire, is caused by
cross wind, rotation of the earth and drift, Drift, defined as deflec-
tion due to the spin of the projectile, is to the right of the line of
fire because of the right hand twist of the rifling of the gun tube.

Observed deflection 1s made up of all three components of total deflec—

tion; computed deflection, of only cross wind and rotation of the earth.
40




Theretore,

Drift (meter) = Deflection - Deflection

observed
Drift (k) = sin”! (Drift/X ) 6400/27

computed

Drift, in wils, is fitted, by a least squares technique as a function of
angle of departure. The values for drift and angle are those of the
points for the given charge, fired with standard propellant temperature
and standard projectile weight. Several functions are fitted, and that
function yilelding a small root-mean-square error and a physically logical
curve through the data points is the function accepted for use in the
computation of tha table. The functions used in the various fits follow,
where D = drift, and ¢© = angle of departure.

D=atan ¢

D-nl tancp+;2 tan? ¢

D=ag/(p+b)

d. Time. BStill another output of the reduction program is the
time of flight of the projectile to the terminal point: time to impact
on the target with a point detonating fuze, time to burst with a time
fuze. Due to the fallibility of the mathematical model used (particle
theory), the computed time of flight (t) is less than the observed time
of flight (T). Hence, for later computations, this difference in time:
is determined.

At = T « t
At is then fitted, by least squares, as a function of t, As with drift,
several functions are fitted; and the best one accepted fur use in the
computation of the table.(Figure 3). The functions used in the various
fits are:
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(1)

(2)

At = a t

Linear fits are computed to five different terminal
points: the time for the elevations of 25°, 35° 45°,
55° and 65°. With the data remaining beyond the ter-
minal points for 25° 35° and 45°:

At » a, +a, t+a, t?

with the value of At and its first derivative, equal
at the point of juncture.

ot = a (t - tg)3

where t, ia set equal to the time corresponding to
elevation of 25° 35° and 45°; and At is zero balow

this value of t,.

at
L.
e Qe t
FPigure 3. Difference between observed and computed times of flight

a8 a funotion of computed time
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3. Probable Errors, per Charge

a. Probable Error in Renge to Impact. The expression used
for the determination of the probable error in range to impact is:
(PE)? = (PE)? (4R/AV)® + (PEH? (AX/bg)?
+ (PE)? ax/acy2’
where PER = probable error in rangé, in meters

PE_ = probable error in velocity, in meters per
sacond

AX/AV = change in range in meters for a change in
velocity on one meter per second

PE‘D- probable error in angle of departure, in mils
AX/A¢@ = change in range in meters for change in

angle of departure of one mil

PR = probable error in ballistic coefficient, in
percent

AX/AC = change in range in meters for change in
ballistic coefficlent of one percent

For the determination of PER. all points are used (except maximum trail
points) that have been fired with standard-temperature propellant, PER
and PEV* were determined in the means and probable error computations.
AX/AvV, AX/AQ and AX/AC are computed by the following equations,

X = %

(1) aXxa L 2
AV T6.096

where % = range for a velocity = V + 3.048 m/s
%, = range for a velocity = V - 3.048 m/s

(3.048 m/a = 10 £/8)
£ =X
(2) AX/4p -—L—i—z-

where x, = range for elevation = ¢ + 1 mil

x, = range for elevation = ¢ = 1 mil

*the value of PE,, that is used in the computatione is a pooled valus
for all the pointa in a given charge (see page 27).
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(3) BK/AC = v
2" C.
where %, = range for ballistic coefficient = C + 278 C
x, = range for ballistic coefficient = C~ 2% C
Therefore, in the expression for PER, all of the quantities are known

except PE“,and PEC. These quantities are determined by a least squares

tecknique.

Unforcunately, the values for PER are sometimes such that the
quantity [(PER)2 - (PEv)z (AX/AV)2 ] is negative. Whenever this situa-
tion arises, the above quantity is set equal to zero and the least squares
solution is computed. Occasionally, even this expedient results in a
negative value for (PE¢?2 or (PEC)z. When this occurs, the Powell
method(17) is used for obtaining the coefficients for a minimum of the
function:

[(erp)? - (B2 (8X/8V)? Je (PEQ? (8X/80)% + (PE()2 (aX/AC),
forcing (PEw)z and (?EC)2 to be positive,

b. Probable Error in Deflection. Probable error in deflection
is a function of both range and angle of departure. The least squares
solution of the following function is accepted for use in the computa=~

tion of the table,

PE. = a x/cos

D
where PED = probable error in deflection, in meters
a = a constant, different for each charge

X = range, in meters

¢© = angle of departure, in mils

44
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For each charge, all points are used that have been fired with standatd-
weight projectiles and standard-temperature propellant.
4. Fuze Data,

8. Fuze Setting. When the firing mission requires a time fuze,
a large proportion of modern artillery weapons use the M520 fuze. Some
years ago, an exhaustive study was made of all available data on this
fuze. It was found that fuze setting for a graze burst* was a function
of time of flight and spin. The following relationship holds for this
fuze, regardless of the shell on which it is flowm. '

FS = T + (0.00129442 + 0,00021137T) S

where FS = fuze setting

T

time of flight, in seconds

]

spin, revolutions per second = V /n d
Vo = muzzle velocity, in meters per second
Vnw= twist, in revolutions per caliber
d = diameter, in meters
The fuze setting for time fuzes other than the M520 1s assumed to be a
function of the time of flight of the particular projectile under consid-
eration. A least squares solution of the date is computed.
PS-TwoT=a +a T+a, T2
vhere FS = fuze setting
T = time of flight, in seconds

ao, al, a2 = conastants, different for ‘each charge.

¥Grase burst ia defined as burat on impaot.
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b, Probable Error in Time to Burst. Each time an angle is
computed to hit a given target, not only are the angle, range and heighi
of the target computed, but also:

iw = the horizontal component of velocity

§w = the vertical component of velocity

t = the computed time of flight.
From thease data we can compute true, or observed, time of flight, T
(page 41); probable error in time to burst, PETB; probable error in
range to burst, PERB; and probable error in height of burst, PEHB'

Because the ballistic coefficient has been determined from
impact data, not time data, the time of flight of the projectile hag
an associated probable error. When a time fuze is to be employed for
a graze burst, there is an associested probable error in fuze rumning
time. Thus the probable error in time to burst is a function of the
probable errors of both time uf flight and fuze running time.

From the same astudy discussed in connection with the fuze
setting for the M520 fuze, an expresaion for probable error in time to

burst was derived.

. 2 2%

PE_, [ (PED? + (PE) ]

where PETB = probasble error in time to burst
PET = probable error in time to impact
PEF = probable error in fuze running time

0.065 + 0.00220 (1 + l%‘l)r‘s
] r apin, &8 on page 45

FS = fuze setting
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For each charge, probable error in time to impact (PET) is fitted, by
least squares, so both a linear and a quadratic function of time of
flight,

PET =aT

PE_ = a T +a T2,

T 1 2
The better fit is used later in the computation of the table.
The probable error in time to burst for time fuzes other than
the M520 is computed by means of the same basic equation:
- 2 4+ (pe)23}

PE_. [(PET) (PE ) ]
For these fuzes, however, both PET and PEF are fitted as functions of
time to impact.

T
PEi =3
PE, »a_ T +a_ T°,
i 1 2
Again, the better fit for each parameter is used in the computation of
the table.
c. Probable Error in Height of Burst and Probable Error in

Range to Burst, By using the same parameters that were used for deter-
mining PETB’ probable error in height of burst (PEHB),,and probable

error in range to burst (PERB) can be determined.

2 2 :
PE,, = | (PED? + (PEY ]i j
- 2 273
P [(PET) + (PE) ] %
5. llluminating Projectile,
The main porticn of the average firing table is in two parts.

Data on the primary, or high explosive, projectile are in the first

part; data on the illuminating projectile are in the second. 3Because
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the mission of the laiier pivjectils s o L1lluminete a realatively large
area, preclsion firing 1s not as essential as for the primary projectile.
A less sophisticated technique provides adequate solution of the fire
problem. No computations are made for means and probable errors,
N~factor, change in velocity for a change in propellant temperature,
compensation for the rotation of the earth, jump, drift nor change in
range for a change in elevation, vaelocity or ballistic coefficlent. |
Unlike the primary (HE) rounds, which are grouped into points
of ten rounds each, the illuminating projectiles are handled round by
round. Although each projectile of the ten round group of illuminating
projectiles 1s fired with the same charge, elevation and fuze setting.
the heights of burst differ significantly. Hence, round by round,
rather than point, reduction of the data is necessary.

" . For the range firing program, standard-weight projectiles and
atanautd-éemberéture propellant are used for firing all angles of
elevation. Meteorological data are brogeased in the manner previously
described. All muzzle velocities for a given charge, with the
excuptidﬁ of unygobvious mavericks, are averaged., This average value
is established as the standard muzzle velocity for the given charge.

Ballistic coefficients are computed as previously described,
with two exceptions: the data are processed round by round, and the

jump computation is omitted. Whereas the terminal point of the basic

trajectories for the primary shell is on the target, the terminal point
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(buret point) of the trajectories for the illuminating shell is at
some optimum height above the target: usually 750 meters. Trajectories
are, however, computed to impact as well as to burst height.

Because illuminating projectiles are not fired at elevations
greater than 45°, and because, for a given charge, the ballistic coeffi-
cient is constant up to 45°, all individual values of the ballistic
coefficient for a given charge are averaged to establish the ballistic

coefficient for that charge,

Time corrections, for the difference between observed and
computed time, are determined in the same manner as for the primary

shell.
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VI. COMPUTATIONS FOR THE TABULAR FIRING TABLE

The tabular portion of an artillery firing table contains data
based on standard and nonstandard trajectories for a given weapon and
combination of projectile, fuze and propelling charge. This informa-
tion is essential to the successful firing of the projectile on the
target. The table also presents certain other information computed
from uncorrected firing data. The whole table is divided into smaller
tables, some of which are used in the preparation of fire, some of
which preeent information useful to the artilleryman in other phases
of his work., The basic parameter in the solution of the fire problem
is the range. As the artilleryman uses a firing table, he makes all
corrections (due to meteorological conditions, projectile weight and
propellant temperature) to range, not to quadrant elevation. Having
determined a hypothetical range, which under standard conditions would
correspond to the true range and height of the target under nonstandard
conditions, he then finds in the table the quadrant elevation necessary
to hit the target at that range._ Thus all computations for entries in
the firing table are made to enable the artilleryman to determine the
requisite hypothetical range.

Following is a detailed discussion of each of the individual tables.
In order to clarify the content of each table, some explaﬁétion must
occasionally be made of the method by which the artilleryman solves a
fire problem.

A. Table A: Line Number (page 93)

This table lists the line number of a meteorological message as a
function of the quadrant elavation of the weapon aystem. A line number,

50




which represents a preselected standard height (Table V), is related
to the maximum ordinate of the trajectory of the projectile in flight,
An understanding of the content and use of a meteorological message
will aid in an understanding of the necessity for most of the information
contained in a firing table. A NATO meteorological message is divided
into two parts: the introduction containing, primarily, identification
information; and the body of the message, containing meteorological in-
formatioﬁ. The lntroduction consists of two lines brok%n into four
groups of letters and numbers; the body of the message consists of a
sequence of up to sixteen lines, each broken into two groups of six
digit numbers. The various parts of a message are explained below.

SAMPLE METEOROLOGICAL MESSAGE

METS : 344983
Introduction
12144y 037013
002109 945071 )
012215 937079
~ o22318 933082
032419 926084 Body of Message
042620 941075
052822 949065
063123 . 960051 )

MET indicates that the tranemission is a meteorvlogical message. Tﬁe
S indicates that the message is applicable to surface fire; an A would
indicate that it was applicable to antiaircraft fire. The 3 indicates

by numerical code the weapon system to which the message is applicable.
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Number

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15

‘fable V.

- LA B o
hille Nulivese

52

Standard Height
(meters)

0
200
500

1000
1500
2000
3000
4000
5000
6000
8000
10000
12000
14000
16000

18000




The 1 indicates by numerical code the octant of the globe in which the
message 1s applicable., The sccond group indicates the latitude and
longitude of the center of the area of applicability. In this sample
message: latitude 34° 40', longitude 98° 30'. The third group indicates
the period of validity of the message. 1In this sample: the 12th day of
the month from 1400 to 1600 hours Greenwich mean time, The fourth group
indicates the altitude, in tens of meters, of the meteorological datum
plane (MDP) and the atmospheric pressure at the MDP. In this sample:
the MDP 1s 370 meters above mean sea level, the atmospheric pressure is
101.3 percent of standard atmospheric pressure at sea level,

All sixteen lines of the body of the message have the same form.
The initial line is identified by the first pair of digits (00) and deals
with surfuce meteorological conditions. Each subsequent line furnishes
information applicable to firings for which the maximum ordinate of the
trajectory 1s equal te the standard height associated with the first
pair of digits of the line (Tabla V)., Because all of the lines in the
body of the message have the‘aame form, an explanation of any one line
will serve. Assuma that the appropriate line number is 04. The full
line of the sample is: 042620 941075, The first group of numbers tells
that this is line 4 applicable to a trajectory whose maximum ordinate is
1500 meters, that the ballistic wind is blowing from 2600 mils (measurad
clocikwise from geographic North) at a speed of 20 knots. The second
group tells that the ballistic air temperature is 94.1 percent of
standard, and that the ballistic air density is 107.5 percent of

standard.
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Ae dindirared above. each line of the body vf the meteorological
message contains the ballistic wind, ballistic air temperature and
ballistic alr density at the indicated height, When this height is zero,
these quantities are the actual wind, air temperature and alr density at
the MDP. For other heights, there are certain effective mean values of
the actual atmospheric structure which are used in conjunction with the
data given in the firing table to determine the effects of the actual
atmospheric structure.' These mean values are computed, ai the meteor-
ological station, to apply to a trajectory having a maximum ordinate
exactly equal to a particular standard height. For firings vhere the
maximum ordinate is not equal to one of the standard heights, it has
been found to be sufficiently accurate to use the ballistic wind, tem-
perature and density computgd for that standard height which is nearest
to the maximum ordinate of the firing. A projectile following a tra~
jectory whose maximum ordinate is equal to some particular standard
height passes through layers of the atmosphere where winds are blowing
in various directions and at various speeds. The ballistic wind for
thies standard helight is that wind which is constant in speed and direc~-
tion and which produces the same effect on the range, height and deflec-
tion of the projectile as the actual wind(lw. Definitions of ballistic
air density and ballistic air temperature are essentially the ssme as
that of ballistic wind, but differ in that there are, in these cases,
no deflection effects.

Thus, if for a given firing, the quadrant elevation ia knqwn or can
be reasonably inferred, Table A is used to obtain the line number, hence
the ballistic atmosphere through which the projectile will fly, An
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exception should be noted, however. When a projectile impacts the
target on the ascending branch c¢f its trajectory, height ot target
rather than maximum ordinate must be used in obtaining line number.
(If neither quadrent elevation, nor height of target on an ascending
trajectory is known, line number can be obtained from Table B, as a
function of range and height of target.)

The entries for Table A are obtained from computing standard tra-
jectories at discreet intervals of quadrant elevation to obtain maximum
ordinates. In order to obtain the most accurate maximﬁm ordinates,
these trajectories are computed with the appropriate constant ballistic
qoefficient. not the fitted ballistic coefficient., Use of the fitted C
gives the most accurate resulta for the terminal values; use of the con-
stant C gives the most accurate results for the maximum ordinate. By
means of interpolation, quadrant elevation is then listed against exact
line number. For example, if the quadrant elevation for charge 7 for
the 105mm projectile M1 fired from the MLOB howitzer is 467#, the line
number ie 4(18).

B. able B: ‘omplementary Range and Line Number (pages 94~95)

As mentioned above, line number is given in Table B as a function
of range and height of the target. Primarily, however, this table lists
range corrections corresponding to the complementary angle of site, tabu-
lated as a function of range and height of the target above the gun,

In Figure 4, the angle to hit a range, x, on the ground
1s designated o ,. The angle of site to the target above the ground, T,

is indicated by the dotted line. The angle resulting from adding the
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angle of site to @, is insufficient to bring about impact ui ihe pru-—

jectile on the target, T, The relatively small angular correction

required to place the projectile on the target is called complementary

—r min

angle of site, CS.

Figure 4. Complementary site. Op =@, * 3 of Site + (S

The computations for complementary angle of site are based on two-

dimensional trajectories, computed using the equations of motion (with-
out the rotation terms) and the ballistic data corresponding to the
weapon system and charge., The basic equations are:
-pVKDx

C

v -DVKDY _
yo—-
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The uecessary ballisiic daia are.
C= £ "os K = £EM); T = £(t)
and the standard ICAO atmosphere (U.S.

Standard Atmosphere, 1962)

The computation of complementary angle of site is an iterative
process. Trajectories are computed with various angles until an angle
1ls found that will result in a trajectory whose terminal point 1is at a

given range and height. Trajectories are run to fifteen heights (from

=400 meters to +1000 meters, at 100-meter intervals) for each range
(at 100-meter intervals) up to maximum and back to the range at the
maximum elevation of the system. Thus for any given point in space,

Ty ¢y has been computed; ©, (for T at x , 0) has been computed; and

W

angle of site is known

(tan~! Yy ).

o

As explained earlietr, the fire problem is solved on the basis of
a hypothetical range., For this reason, complementary range, not comple-
mentary angle of site, is listed in the firing table. 1In order to com=
pute complementary range, complementary angle of site is added to ¢,
and a trajectory is run to y = O. :
The difference in range between the trajectory with an elevation
of wo + CS and that with an elevation of o, is the complementary range
(Figure 5), Thus, in Table B, the change in range to correct for the
complementary angle of site is tabulated as a function of range and

height of target above or below the gun.
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Figure §. Complementary range

C. Table C: Wind Components (page 96)

This table resolves a wind of one knot, blowing from any chart
direction, into its cross wind and range wind components. Chart direc-
tion is defined as the azimuth of the wind direction minus the azimuth
of the direction of fire. Chart direction is listed from 0 mils to
6400 mils by 100-mil intervals, The cross wind component is designated
right or left; the range wind, head or tail., The determivation of the
wind components is a simple trigonometric computation; it was done once
and does not need to be repeated. Table C is the same in all firing
tables.

D. Table D: Air Temperature and Density Corrections (page 97)

In this table are listed corrections which are to be added to the
ballistic air temperature and the ballistic air density, obtained from
the meteorological message, in order to compensate for the difference

58

]
3



in altitude between the firing battery and the meteorological station.
The computations for this table are based on the standard ICAQ0 atmos~-
phere; these computations were performed once and do not need to be

repeated., Table D is the same in all firing tables.

E. Table E: Propellant Temperature (page 97)

This table lists corrections to muzzle velocity as a function of
propellant temperature in degrees Fahrenheit and Centigrade. The func-
tion AV = £(T - 70°F), determined as described on page 31 is evaluated
for temperatures from ~50°F to 130°F, at 10° intervalg. Also listed
in this table ate the Centigrade equivalents, to the nearest 0.1°, of

the Fahrenheit temperatures.

F. Table F: Ground Data and Correction Factors (pages 98-99)

1, Ground Data (page 98). This portion of Table F is divided

into nine columns: range, elevation, change in elevation for 100 meters

change in range, fuze setting for graze burst (for a specific time fuze),

change in range for 1 mil change in elevation, fork (the change in the
angle ofAelevation neceasarylto produce a change in range, at the level
point, equivalent to four probable errors in range), time of flight,
and two columns for azimuth corrections: drift and a cross wind of 1
kuot. '

The first column lists range, by 100-meter intervals, from zero to
maximum range and back to the range for the maximum angle of elevation
of the weapon system. In order to obtain the entries for the remaining
columns, a series of trajectories is computed using the equations of

motion with the appropriate values determined according to the computa=-
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tions described in section V, above. <These trajectories are computed

to find the angle of elevation to hit each range (100, 200, 300 ...)
under standard conditions, From these trajectories we obtain range,
elevation and time of flight (columns 1, 2 and 7). Elevation is printed
in the table to the nearest 0.1 mil; time of flight, to the nearest 0.1
second. In order to compute the change 1In elevation for 100 meters
change in range, for a given range (xi -~ 100) is subtracted from that

of the succeeding range (xi + 100) and the result is divided by two:
@, = (0 4 100 Px, - 100 )/ = 4

The change in range for a one-mil change in elevation 1s derived di-
rectly from the above:

AX/Ap= 100/A = B
These two entries (columns 3 and 5) are computed before the elevation
is rounded to the nearest tenth of a mil. The change in elevation for
a 100-meter change in range is rounded toc the nearest tenth of a mil;
the change in range for a l-mil change in elevation is rounded to the
naarolt.wholo meter,

Fork (column 6) ia computed from the above value and from the pro-
bable error in range, determined according to the method of section V.

Fork = PER/B (above)

The fuze setting for a graze burst (column 4) is computed for the
time of flight listed in column 7, by uging the equations determined
according to the method of section V, above.

Drift entries (column 8) are obtained by evaluating the function

determined according to the method of section V at the angles of eleva-
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tion listed in column 2. Computations are made before the pertinent

parameters are rounded off.

*

1)
Azimuth corrections due to cross wind (column 9) are computed on

the basis of the following ﬁquations:

an

1017.87Wz'(Tw -x /%)

Zw %
w
where zw = deflection due to cross wind (mils)
wz = cross wind
Tw = time of flight
xw = range

¥ = range component of muzzle velocity

Cross wind is converted from meters to mils by the constant: 1017.87%

2, Correction Factors (page 99)., This portion of Table F lists,

as a function of range, the corrections to range which must be made to
account for nonstandard conditions of muzzie velocity, range wind, air
temperature and density, and projectile weight. Muzzle velocity cor-
rections are tabulated for a decrease (column 10) and an increase

(column 11) of one meter per second; range wind, for a decrease (column

12) and an increase (column 13) of one knot; air temperature for a

decrease (column 14) and an increase (column 15) of one percent; air

density for a decrease (column 16) and an increase (column 17) of one

6400

ST mile

A ,
Radians z

éggg-x (factor to convert tangent to angle = 101787

6l
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percent; and projectile weighi fvr a decrease {(volumn 18) and au fucrease
(column 19) of one nquare.*

A series of trajectories ig computed to find the elevation needed
to hit each range (100, 200, 300 ...) under each of the ten nonstandard
conditions. For these computations, the values of the nonstandard
conditions are: = 15 meters/second, = 50 knots, % 10% air temperature,
% 10% air density and =x one square (or some other appropriate weight
change).

Using the angles of elevation determined above, standard trajec-

tories are next computed, and the unit range correction then determined.

AR . x(standard) - xgnonstandard2

1 unit No. of units (nonstandard)
(nonstandard)

This unit range correction is listed against nonstandard range.
G. Table G: Supplementary Data (page 100)

This table lists probable error information and certain trajectory
elements as functions of range. These additional data are not necessary
to the solution of a given fire problem, but are useful to the artillery-
man in other aspects of his work. Range is in column 1, usually listed

at 1000-meter intervals.

e wetght of most artillery projectiles 18 indicated by the number of
squares (D) stamped on the body of the projectile., Standard weight is
usually represented by two, three or four squaree. This doss not mean,
houvever, one esquare of a standard three-square weight represents one-
third of the weight. For 106mm projectiles, one square represents 0.6
pounds. Thue, two equares being etandard (33.0 pounds), three squares
,denotea 33.6 pounds. For 175mm projectiles, one square representa 1.l
pounds. Thus, three squares being etandard (147.8 pounds), two squaree
denote 148.7 pounde. Occaatonally, the actual weight in pounde ie
atamped on the projeotile. For projectiles of thie type, firing tableas
are computed for pound, rather than square, inoreases and deoreuses.
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Column 2 lists the elevation necessary to achieve the range listed
in column 1, Columns 3 and 4 list, as functions of range, probable
error in range to impact and probable error in deflection at impact.

The method of computing these values was described on pages 43 through
45, Columns 5 through 7 1list as functions of range, probable errors

for a mechanical time fuze: probable error in height of burst, probable
error in time to burst and probable error in range to burst. The method
of computing these values was described on pages 46 and 47.

The angle of fall, w (column 8), the cotangent of the angle of fall,
Cot w (column 9), and terminal welocity, Vo (column 10) are coméuted
from the information obtained in standard ;tajectories.

. .

w = tan " §, /k,

Cot w = %, /¥,
» o 2
v, o[ G2t
Maximum ordinate, MO (column 11), is a function of ballistic co-
efficient, angle of departure and velocity. To determine this value,
a trajectory is computed with C, the given ¢ and Vo 3 maximum ordinate

is that height where the vertical component of the velocity (%) is zero.

MO = £(C, 0, V,, ¥ = 0)

Angle of fall, terminal velocity and maximum ordinate are standard out-
puts of all trajectory computations.

The last two columns in Table G (11 and 12) list the complementary
angle of site for an increase and a decrease of one mil angle of site.

The computationas for these values are made for an angle of site of 50
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mila  An angle. wo. is computed to hit a target (x , 0). Another angle

¢E. is computed to hit a target [xm. y = (tan 504) xm].

Since, ¢a = ¢° + CS + 3 of site,
@, -¢ - 50
then, +CS = —I-——-S—g*-"

To compute -CS, Oy 1s determined for a target [xw, y = - (tan 50#) xw].
@ - ¢L + 50
Then, -C§ = 50 )

Although the fire problem, in the field, 1is solved by determining
a hypothetical range, the complementary angles of site listed .in Table
G make it poassible to make corrections to angles. Assume the target
is at a distance of 8,000 meters and a helght of 500 meters. The angle
of site is, therefore, 63.6#. If FT 105~AS-2 is the firing table being
used, @, i8 336.3@; C8 = (.096)(63,6) = 6.1, Then:

@p = @O, + CS + X of site = 406

H. Table H: Rotation (Corrections to Range) (page 101)

Corrections to range, in meters, to compensate for tﬁe rotation
of the earth, are tabulated as functions of azimuth (in milsg) and range
(in meters) tc the target. The main body of the tabia is for latitude
0°. Below the main table are tabulated constants by which the correc-
tions are to be multiplied for latitudes from 10° to 70°, by 10° inter-
vals, These constants, cosine functions, were computed once, and do
not need to be recomputed; they are the same in all tables, for all

charges.
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ihe equations used to compute the corrections to compensate ior

rotation are:

e

#=-Ek - ) y

y=-Ey-g+) X

T, eI Wy pne e e

-—,o+ -_ »
2 E 2z Az X 13 y

where Al, Az and A% = values defined on page (32),

Thus for each charge, the appropriate muzzle velocity and ballistic co-
! efficient must be used in the computations. Al, Az and 13 are computed

; for each of the following conditions:

1, Assume L = 0°, o = 1600#

then A, =20, 4, = 0, A, =0

2. Assume L = 90°N, o

6400%

{% : then A, 0, A, =28, =0

- 3., Assume L = 0°, o= O _ i
then Al = 0, AZ w 0,2 =228

Trajcc:orion are then computed for each of the above three conditions®

; E for all of the following angles:

©,= 2, 4, 6, 8, 10, 15 ,..30, 40, 50, 75, 100, 125 ..,1275, 1300 mils.

Under condition 1, above, the range for a given angle,toi. is desig~
nated x1,. (zl; = 0, since \; = 0, A3 = 0 and A, does not affect z.)
Under condition 2, above, the range for a given angle, o, 18 desig-

nated x24; z is designated z24. [Since Al = 0, x34 - x4 (standard x).)

: * i c 8
3 The resulte of the aomputations under the third set of aconditions are ; E
; used for Table I, not Table H. ;
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Under condition 3, above, the range for a given angle,fﬁi, is desig-
nated xBi; z is designated Z31' [Since Al =0, x3i - X {standard x).]

Then Axi ls set equal to xzi - xli. Interpolations are then per-
formed in xli to determine the Axi for even intervals in range. This
interval is 1000 meters for 155mm weapons and larger, 500 meters for
weapons smaller than 15pmm. This Axi, Axli relationship gives the values
for the 1600# column in Table H, for latitude 0°, The value for any given
azimuth is computed as follows:

Ax = Axi (sin o).

The corrections are rounded to the nearest whole meter.
I. JIable I: Rotation (Corrections to Azimuth) (page 102)

Corrections to azimuth, in mils, to compensate for the rotation of
the earth, are tabulated as functions of azimuth (in mils) and range
(in meters) to the target. A separate table is given for each latitude
from 0° to 70°, by 10° intervals. The computations described in the
explanation of Table H are used for the entries in Table I,

Interpolations are performed in xzi and xBi (for 500- or 1000~
meter intervals) to determine the corresponding values of z21 and 231.
For a given xzi (standard range) the angular deflection is computed as
follows:

z = zZi (sin L) + 231 (cos L) (sin a)
Ao = tan”) (z/x)

If Ao is greater than zero, the angular deflection is from left to right;

if less than zero, from right to left.
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J. Table J: Fuze Setting Factors (page 103)

In this table are listed fuze setting changes, ac a Junction of

fuze setting, Lo compensate for the effects of the same nonstandard
conditions as are given in Table F, correction factors. Fuze setting
is listed, in whole numbers, from zero to the maximum setting of the
given fuze,

A series of trajectories is computed to find the elevation needed
to hit a given range (100, 200, 300 ...) under standard conditions.
These trajectories are computed with true, ot observed, time of flight
(n. '

T=t + At [At = £(t), see pages 41 and 42]

The time of flight corresponding to a given fuze setting, in whole
numbers, is computed‘by means of the equations given on page 45, Inter-
polations are then performed in the @ vs T data obtained from the stand-
ard trajectories to find the angle that corresponds to the time of
flight, Then, by iteration, the exact angle is determined. With this
exact angle, trajectorles are computed with each of the nonstandard
conditions. By meags of the fuze equation, the fuze setting correspond~

ing to the time of flight of these nonstandard trajectories is computed.

Thus the unit fuze setting change can be computed:

AFS = FS(nonstandard) - FS(standard)

1 unit No. of units (nonstandard)

This AFS 1is tabulated ageinst FS.

K. Table K: OR, AH (Elevation) (page 104)

In this table are listed the change in range (AR) and height (aH),

in meters, for an increase of 10 mils in elevation (Figure 6)., A given
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value, tabulated as a function of range and of height of the target above
the gun, is the difference in the terminal coordinates of two standard
trajectories having initial elevations 10 mils apart and terminating at

the same time of flight,

The angle,laT, to hit a given target, was determined in the compu- .

o

tation of Table B, ¢, is increased by ten mils and a second trajectory

T
1s computed which terminates with the same time of flight as the first,

Thus AR and AH are differences in the terminal values of the two tra-

jectories.

AR and AH are tabulated for every 500 or 1000 meters in range, from
zero to maximum range and back to the range for the maximum angle of
elevation of the weapon system, and for every 200 meters in height, from

=400 to +1000 meters.
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Pigure 6. Change in range and height for a
10-mil increase in elevation
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L. Table L: AR, AH (Time) {(page 105)

In this table are listed the change in range (AR) and height (AH),
in meters, for an increase of one second in time of flight. A givenb
value, tabulated as a function of range and of the height of the target
above the gun, is the difference in the terminal coordinates between
two points along a single standard trajectory at times of flight differ-
ing by one second (Figure 7).

The actual computation of this table is no more than an additivnel
print from the iteration trajectories,

AR = % and AH= § .
w w

Pigure 7. Change in range and height for a
l-gevond inorease in time of flight

kw and yw are the horizontal and vertical components, respectively,

of the velocity.
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M. Table M: Fuze Setting (page 106)

As previously described on pages 59 and 60, data on fuze setting
are included in Table F. The data given there are for the time fuze
most often used with the systems for which the firing table has
been produced. Most systems, however, are capable of functioning
equally well with an alternative fuze. Data on this alternate fuze
are given in Table M, which lists the amount to be added to or subtracted
from the time of flight (column 7, Table F) to obtain the correct fuze
setting. Corrections are listed, to the nearest 0.1 of a fuze setting
opposite the time span to which they are applicable, The fuzé setting=-
time relationship 1is computed as explained on page 45.

N. Illumipating Projectile (page 107)

Only one table per charge is printed for an illuminating projectile.
Elevation (column 2), in mils to the nearest 0.1, and fuze setting
(column 3), to the nearest 0.1 are tabulated as functions of range to
burst (column 1), These relgtionuhipl. which are for standard condi-
tions, are computed in the same manner as similar computations for the
primary shell.

Ranges are listed for 100-meter intervals. The shortest is that
range achieved by firing at an elevation of 45° to the optimum burst
helght on the ascending branch of the trajectory. The longest range
is that achieved by firing at an elevation of 45° to the optimum burst

height on the descending branch of the trajectory (Figure 8).




OPTIMUM BURST
HEIGHT

XM X max

Figure 8., Trajectories of illuminating projsotiles:
range-elevation relationship

Trajectories are computed to determine the minimum angle wmin) to
hit the optimum height. By an iteration process, angles are then com-
puted to hit the optimum height at even intervals of range up to an
nhglo of 800k, The first and last entries in the table are for those
angles nearest, hut not greater than, 800# which will hit an even hun-
dred meters in vrange. Similarly, the minimum elevation listed will be
the one nearest, but not less than, ‘Pmin which will hit an even hundred
meters in range. Times of flight, for the listed entry ranges, are
obtained from the same trajectory computationa. Corracted time is
determined as for the primary shell (page 41):

T= t 4+ At
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Fuze setting, as a functiou of time of flight, is computed from
observed data. This function is then evaluated for the appropriate
entriea in the table.

If for some reason an illuminating projectile fails to burst, it .
is of concern to the artilleryman to know the point of impact of the

projectile. Hence, in column 6 of this table, the range to impact is

listed as a function of the range to burst. These data are computed
by running the abtove trajectories beyond optimum burst height to zero
height. l

Column 4 in the table lists change in elevation for a SO-Qater
;ncrcale in height of burst; column 5, change in fuze setting for a 50-
meter incresse in height of burst. Computations for these data are made
in exactly the same way as those for columna 2 and 3 except that the
burst height is increased by 50 meters. The tabular entries are merely
differences: .

89 ™ Gyio ~ Py

A¥S = F8 "Fs'
H+50 H

Where H = optimum burst height
0. Irajectory Charts (page 108)

Following the main body of a firing table are appendices contain-
ing trajectory charts for the primary projectile for which the table
has been produced. In each of these appendices, trajectories are shown
for a given propelling chafgo. Altitude, in meters, is plotted against

range, in meters, for every 100 mils of elevation, up to maximum
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VII. PUBLICATION OF THE TABULAR FIRING TABLE

A program has been written for BRLESC to interpret the coding on
the output cards of the firing table computations, Thus, after the
computations have been spot checked, the cards are fed back into the
BRLESC. The computer spaces the numbers, pages, puts headings in the
proper columng et cetera. The output goes on the IBM 1401 which tabu-
lates the final manuscript. Transparent overlays are made for the
ruling on standard pages. Pages of nonstandard length are ruled by
hand. The trajectory charts described above are drawn by a Magnetic
Tape Dataplotter ;nto which are fed the output cards of the BRLESC
computations.

In addition, the final manuocriﬁt contains an introduction giving

" an explanation of the various tables, and sample fire problems and their

solutions. This introduction is punched on IBM cards, the BRLESC auto-
matically composes the mater1al(}9) and it is then printed in final
manusceript form on tha IBM 1401,

The completed manuscript is sent to the Government Printing Office

for publication and distribution.
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VIII. AODITIONAL AIMING DATA
A, Graphical Equipment

The tabular firing table, described in the preceding sections, is thé
basic source of firing data for a given weapon system. In the fleld,
however, the determination of aiming data 1s greatly simplified by the
use of "graphical" equipment: a graphical firing table (GFT), a graph-
ical site table (GST), and wind cards (Figure 9). The so~called graphical
tables are sticks similar in appearance and operation to & slide rule.
Wind cards, on the other hand, consiat of tabular information printed on
plastic cards.

Easentially, the same information 1s in these tables (in simplified
form) as 1is in the tabular tables. The information is, however, in a
somevhat different relaticnship. Hence, some additional computations are
necessary. Although the Ballistic Research Laboratories are responsible
for the preparation of the actual manuscript for the tabular fiving table
and the wind cards, they are not responsible for the design of the
graphical sticks, only for the computations., The necessary nurbers are
sent to Frankford Arsenal (the responsible agency) and to the Artillery
School, Fort Sill, for the design and manufacture of the equipment.

1, Graphical Fi Igble. The graphical firing table is used
principally for determining the elevarion corresponding to the range to
a target. Each table ;onsiutn of one or more rules and a cursor, with
a hairline, which slides on the rule. The range scale is the basic scale

on the rule, all othera being printed with reference to it. Above
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the range scale are a drift/deflection scale and a scale marked 100/R.
This scale (lUU/range), representing the tangent of the angle of site
for a target 100 meters above the gun, 1s associated with the angle-of-
elevation scale,

Beneath the range scale are three additional scales: elevation,
fork and fuze setting. These six scales are repeated, with the appro-
priate relationship, for each charge. One rule can have as many as
four charges printed on it: two on each side. In addition to these
eix scales, other information is shown on a graphical firing tgbla. A
segment of a line between the elevation and fork scales indicates the
normal range limits for the given charge. On this same line segment,
ﬁwo marks indicate the optimum rangé limits for computing meteorological
corrections. On & heavy line below the fork scale, the dividing line
between the data for two different charges, are two fuze setting gage
points, The one to the right indicates the fuze setting at which the
probable error in height of burst is 15 meters. The gage point to the
left indicatas the range at which the probable error in height of burst
for the next lower charge is 15 meters.

The rules described above are affixed to the stick on a slant, so
that the hairline of the cursor does not intersect the scales at a right
angle. The slope of the rules is determined at BRL.

The foregoing description applies to a graphical firing table for
low angle fire, The table for high angle fire differs somewhat. The
top scale is 100/R, with below this the range scale, A heavy dividing

line separates these two scales from the remainder of the rule, Below

13
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thia are araler for two or three different charges: elevation, 10 mil
site, drift and time of flight. (The Fork mcale is dropped, a 10 mil
site scale is sdded, snd time of flight substituted for fuze setting.)
The scales on thim stick are parallel to the edge of the stick,

Computations for the graphical firing table are five-point, reverse
interpolations of the data computed for the tabular firing table. For
low angle fire, drift is determined for each mil, at the half mil, and
the corresponding range printed; for high angle fire, each mil at the
whole mil. Similarly, interpolations are made for each 10 mi;s in ele~
vation, for each mil at the half mil for Fork, each whole number for
fuze setting, each whole second for time of flight and the nearest
whole number for fuze setting gage point. 100/R was computed once, for
each mil at the half mil, and does not need to be recomputed; it_is the
same, for a given range, on all graphical firing tables.

The 10 mil site computation is similar to that for complementary

_angle of site described on pages 63 and 64, A trajectory with a given

angle, ©,» will hit a target with coordinates (xw, o). A trajectory
with an angle Pis0° will h}t a target [x = X, ¥ = tan 50 (xw)]. Thus:

Prs50 = %

10 mil site = 5

where site = CS + ¥ of site
2. Grgphical Site Table. The graphical site table is used to
facilitate the computation of angle of site or of site®. It can also

be used to determine the vertical interval between the gun and the tar-

*By definition, site = angle of site + complamentary angle of site
(eee pages 55 and 56).
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gei {oi burst polin or vertical angla, and range are known.
The graphical site table consists of the hase, on which is printed the
D scale (site and vertical jinterval); the slide, on which is printed
yard and meter gage (index) points, the C scale (range, which can be
read in yards or meters), and site-range scales, for various charges,
in meters; and the cursox, with a vertical hairline. The C and D scales
are identical to those on any slide rule, and are used to determine
angles of site, or of site, of 100 mils or less, or to determine the

vertical interval when angle of site is known. (For angles of site

greater than 100 mils, the vertical angle must be determined by means

“of the tangent functions.)

For each charge there are two site-range scales on the slide: one
in black for a target above the gun (TAG) and one in red for a target
below the gun (TBG). The scales are 8o printed with raspect to the C
scale (range) that when the vertical interval (D scale) is divided by
the range on the site-range scale, complementary angle of site is in-

cluded in the result (site). The meter gage point (when the vertical

interval is in meters), or the yard gage point (when the vertical inter=-

val is in yards), rather than the mormal index point, is used for multi-

plication or division of the result by 1.0186 and, in effect expresses

the formula ¢ (mils) = 1.0186 y/x which 1s more precise than the formula

@ (mils) = y/x. This factor is 1,0186 rather than 1018.6 (6400/2n)
because the range is expressed in thousands of meters to the neareat

hundred meters; e.g., 4060 meters 1s expressed as 4.l.
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the output data of the double entry program used to compute Table B in
the tabular firing table., These output data conaist of the angles to
hit targets at given ranges and at given heights (vertical intervals)
below or above the gun.

Graphical site table computations are made for low-angle fire for
each 100-meter interval of range up to maximum range. Computations
begin with that range, at the level point, that can be reached by an
angle equal to, or greater than, 200 mils. Computations are made for
angles equal to, or less than, 800 mils.

The outputs of the computations are plot points: those values on
the C ~scale of the stick that align with the appropriate range on the
TBG (target below gun) or TAG (target above gun) scale. The computational
procedure is shown in the flow chart on page 8l1. Computations are iden=
tical, but made independently, for targets below and above the gun.

3, Wind Cards. Wind cards enable the artilleryman to transfer
fire, without lateral limitations, from one target to another., The
accuracy of lateral transfers is dependent on the rotation of the earth,
wind direction and wind speed. A correction for the rotation of the
earth is omitted from the graphical solution of chg fire problem. Wind
cards, however, provide a rapid means of determini;g corrections to de-
flection, fuze setting aud range when the chart directiom of the wind,
and the range and direction of the new target are knowm.

For a given firing table, there is one wind card for each charge:

one side of the card is designated Wind Card A; the other, Wind Card B.
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| Enter range and examine o, 5

| Is o, > 200 mils -

C:. i

Yes | No l ' i

lg ' Examine @, for each VI Continue to E

A Is @, < 800 mils next range

[ until a range
is found such

that
wo 2 200 mils

then continue

PP = 1.0186(VI) as on left

site
|

|
!
5
; Using PP for lowest VI _-'
|
|
x

Determine site (“H - ¢%) for each VI

: Compute individual plot points for each VI

Compute site (GST) for each VI
) Use only those
- 1.0186(VI
Site (GST) —FP—L—- wT's for VI'B
[ that satisfy

f Compute site, site (GST) and A8 for each VI the test and
q AS = gite - site (GST) continue as

} L on left i
i Sum AS's frem VI , ' to VI :
1 min max _
; I ;

Using PP for succeeding VI's by 100's to VI max, compute

site (GST) for each VI, thus repeating preceding 3 steps
. :
Select the plot point that results in a minimum sum AS
]
This is the plot point for this range

Add 100 mpters to this range and repest the above

procedure from stép 3 to the end
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The cards contain corrections for a one-knot wind, blowing from the
chart direction, divided into two components - the unit deflection
correction (Wind Card A) perpendicular to the line of fire, and the
unit range correction (Wind Card B) parallel to the line of fire.
Corrections to fuze setting are also included on Wind Card B. Correc-
tions to deflection and range are tabulated as functions of range and
wind direction; corrections to fuze setting are tabulated as functions
of fuze setting and wind direction, Line number is alsc listed on both
Wind Card A and Wind Card B, as a function of range, so that the artil-
leryman can select the appropriate line of the meteorological message
containing wind direction and speed.

Wind card data are computed by using the range; azimuth and fuze
setting corrections for wind from the tsbular firing table data and
applying appropriste trigonometric functions for the chart direction of
the yind. Given a wind speed, W, with some azimuth.@Dl, and an azimuth
of fire, a, (Figure 10) range, azimuth and fuze setting corrections for
the wind can be computed from the tabular firing table dgta. For a
given range, the correction to range for a one~knot head wind (Ax/wh),
the correction to range for a one-knot tail wind (Ax/wt) and the change
in azimuth per one-knot cross wind (Aa/Wz) are obtained. For & given
fuze setting, the correction to fuze setting for a one-knot head wind
(AFS/Wh) and the_correction,to fuze setting for a one-knot tail wind

(AFS/Wt) are obtained.
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Figure 10. Relation between arimuth of fire and asimuth of wind

The necessary computations are mede in the following sequenca:

1) @-'@1 -0

W.sin @

2) Wy=W.cos & W
bx X _ A%
3) Wy '5@’; We

-AE o e
4) Rc-wx.wx AC Wz'wz

Ao
-v-,-(w . 3in ®)

5) RC = 25 . cos @ AC =
X z
6) Rc-NC%’-E.coa@> Ac-k(;‘jﬁ.unQD
X 2

2y 878 o g(AES _ aFs
W W W

8) Fsc w28 |y
Wx X
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9) FSC = &S(W . cos &
Wy

10) FSC = W(-A-F—s « COB 9)
Wy

The following are those numbers which are tabulated on the wind cards:
11) 4% | oo ©
wx

12) %‘:. sin ©

13) A-‘l-;-s‘- . cos @
x

where 6 = 0, 200, 400,,.6400,
For the definition of terms, see Table of Symbols and Abbreviations,
pages 7-9,

4, Graphical Equipment for Illuminating Projectiles. The graph-

jical firing table for the llluminating shell is a stick with a cursor
and hairline, one rule per charge. (Figure 11), As on the GFT for HE
projectiles, the bagic scale is the range., Above this is the 100/R
scals. Below the range acale, and on the same base line, are angles
of elevation for impact at any given range on the range scale. This
combination scale serves the same purpose as column 6 (Range to
Impact) in the tabular firing table. It is essentially zero height
of burst on the descending branch of the trajectory.

The major portion of the rule consists of nine horizontal scales,
representing heights of burst from 600 meters to 1000 meters at 50
meter intervals. On each horizontal scale, angles of elevation are
marked off up to 800 mils. At the bottom of the rule is fuze setting,
in whole numbers. From each fuze setting, & curved line is printed to
intersect the nine horizontal scales at the appropriate elevation.
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Figure 11. Graphical firing table for illuminating projectile

For each of the heights of burst (600, 650, 700...1000 meters),
trajectories are computed for quadrant elevations, at l0-mil intervals,
from 800 mils down to the lowest elevation that will hit the desired
height of burst (800, 790, 780 ...). For each angle of elevation, a
range and fuze setting are printed, for the given height, on both the

ascending and descending branch of the trajectory (Figure 12).

HEIGHT OF
BURST

3 RANGE AND FUZE SETTING:
ASCENDING

RANGE AND FUZE SETTING :
ODESCENDING

Pigure 18, Trajeatories of illuminating projeatiles:
range=-fuse relationship
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From these data, a fuze setting is interpolated for each whole
number and printed with its corresponding range to burst. When an 1il-
luminating projectile is to be fired in the field, the lowesl possible
charge 18 used in order to reduce the possibility of ripping the para-
chute when the flare 18 ejected from the shell. Consequently, when
the scales are printed for the illuminating projectile, the values for
the ascending branch of the trajectory, for the high charges, are
omitted. This is because the same range and height can be reached by
a lower charge on the descending branch of the trajectory.

For zero height of burst data (range to impact), trajectories are
computed to y, = 0 for quadrant elevations up to 800 mils by 10-mil
intcrvall.

B. Data t

A ballistic reticle is a direct-fira aiming device, incorporated
into a telescops which is mougted as an integral unit with the gun
(Figure 13).

A line, approximataly vertical, on the raticle represents the
azimuth of fire. The slight deviation from the vertical is a
correction for drift. Horizontal lines on the reticle represent
distances to the target in meters or yards. In use, the weapon
is traversed, and elevated or depressed so that the vertical line
and the appropriate range line are on the target.

As in the case of the graphical firing table and the graphical
‘site table, BRL is responsible only for the computalion of the data
for reticles, not for their design. Thus the data computed for the

tabular firing table is all that is required. Range (at 50=meter
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; intervals), elevation and drift values (up to a range designated
3 by Frankford Arsenal) are sent to Frankford Arsenal (the agency.
I responsible for the design and manufacture of reticles).
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Reticles are graduated for use with a particular weapon and ammuni-
tion. Compensation must be made for differences in other projectiles
fired from the same weapon. Hence, an aiming data chart is provided
for making the necessary corrections. On an aiming data chart may be
ligted two or more projectiles which can be fired from the given weapon.
Listed under each projectile are a series of ranges. Also listed are
the ranges etchéd on the reticle. In use, the gunner finds the type of
ammunition to be fired, reads down the column to the range at which he
will fire, moves across to the reticle column to find the corresponding
standard setting. This point in the telescope is used to aim the weapon
on the target.

Aiming data charts (Figure l4) are provided by BRL in final
manuscript form. For each range and mid-range (hnlf—way between
range marks) on the reticle there is a corresponding elavatign.
Trajectories are computed at these elevations for all of the pro-

jectiles to be included in the alming data chart. The resdlting rgnges
ars rounded to the nearest 100 meters and listed opposite a range orf

mid-range point of the reticle.
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TANK, 90MM GUN, M48 SERIES AP-T, M318Al and ADC 90-Y-1

WICANMON, MA1 AND HEAT, T200ESS IN METERS
‘ TELESCOPE, M105 . ON RETICLE
% HE, M318A1 HE-T, CAL.0.30 M318A1 ELEV.
é M71 RETICLE M71A1 MACHINE RETICLE  MILS
: PATTERN GUN PATTERN
WP, Wp,
M313 M313C
2 1 1 1.2
. YRS 3 c S N 2.5
5 4 4 3.7
7=-=== 8 ===« 5§ -=-==- 8 === 5,1
B 7 5 6.4
10 - = = = =« = = = = = 8 f ===~ 7.8
12 9 9.3
13 - =« w16 = ===11 7====16 === 10.8
15 12 12.3
17 --------- 13 8 --------- 1309
; 19 15 15.6
; 20 = = == 24 ===~ 16 9 == w =24 =a==17,3
; 22 18 19.1
g == == - 19 10 =« = = = = = = = = 20.9
26 21 22.8
27 = = = = 32 = ==~ 22 11 = = =« = 32 = =« 24,8
29 24 26,8
) 25 - wm-.--a 28.9
33 27 12 1.1
35 = = = = 40 = === 29 --- =40 === 33.4
; 37 30 13 35.8
39 ---------- 32 --------- 3804

The reticle pattern for Cartridge, AP-T, M318Al1 may also be used
to fire Cartridge, TP-T, M353,

Numbers and lines under the reticle column are those which appear
on the reticle for Cartridge, AP-T, M318Al

To use chart: (1) Find the type of ammunition to be fired.
(2) Read down to the range at which you will fire.
(3) Move left (or right) and find the corresponding
sight setting under the reticle column.
i i (4) Use this point in the telescope to lay and fire.

Flgure 14, Aiming data ohart

89




[T

REFERENCES

1. 8. Gorn and M. L. Juncesa. Qpn the Computational Procedures
for Firing and Bombing Tables. Ballistic Research Laboratories, .

Aberdeen Proving Ground, Maryland BRL R889, 1954.

TR RO PRIV YNNI i -

2. Robert F. Lieske and Robert L. McCoy. Equations of Motion of
a Rigid Projectile. Ballistic Research Laboratories, Aberdeen
Proving Ground, Maryland., BRL R1244, 1964,

3. Robert F. Lieske and Mary L. Reiter. Equations of Motion for
a Modified Point Mass Trajectory. Ballistic Research Labora-

tories, Aberdeen Proving Ground, Maryland. BRL R1314, 1966,

4. Walter F. Braum, e h c g. Ballistic
Research Laboratories, Aberdeen Proving Ground, Maryland.

BRL R1048, 1938.

5. WValter K. Rogers. TIhe Trangonic Free Flight Range. Ballistic
Research Laboratories, Aﬁerdeen Proving Ground, Maryland.

BRL R1044, 19538,

6. Elizabath R. Dickinson and Donald H. McCoy. [The Zero-Yaw Drag
Coefficient for Proiectile, 175mm, HE, M437, Ballistic Research
Laboratories, Aberdeen Proving Ground, Maryland. BRL MR1568,
1964,

7. L. E. Schmidt and C. H. Murphy. Effect of Spin on Aerodynamic
Properties of Bodies of Revolution. Ballistic Research Labora-

tories, Aberdeen Proving Ground, Maryland. BRL MR715, 1953,

90

"T
e B s S i o et et )
s TR R R T S T

*

i g




T e T AT ey memmT T mmmm—m—me

8.

9.

lo.

11.

12,

13,

C. H. Murphy and L. E. Schmidt. ZThe Effect of Length on the
Aerodynamic Characteristics of Bodies of Revolution in Super-
sonic Flight. Ballistic Research Laboratories, Aberdeen Prov-
ing Ground, Maryland. BRL R876, 1953.

L. E. Schmidt and C. H. Murphy. The Aerodynamic Properties

of the 7=-Caliber Army~Navy Spinner Rocket in Transonic Flight.

Ballistic Research Laboratories, Aberieen Proving Ground,
Maryland. BRL MR775, 1954.

Elizabeth R. Dickinson. Some Aerodynamic Effects of Head
Shape Variation at Mach Number 2.44., Ballistic Research Lab-

oratories, Aberdeen Proving Ground, Maryland., BRL MR838, .354.

Elizabeth R. Dickinson. The Effect ..f Boattailing on the Drag
Coefficient of Cone-Cylinder Projectiles at Supersonic Veloci~

ties. Ballistic Research Laboratories, Aberdeen Proving Ground,

Maryland. BRL MR842, 1954.

Elizabeth R. Dickinson. The Effects of Annular Rings and
Grooves, and of Body Undercuts on the Aerodynamic Properties

of a Cone-Cylinder Projectile at M*1,72, Ballistic Research
Laboratories, Aberdeen Proving Ground, Maryland. BRL MR1284,

1960, ,

Elizabeth R. Dickinson. Some dyna Effects of Bluntin

a Projectile Nose. Ballistic Research Laboratories, Aberdeen
Proving Ground, Maryland. BRL QR1596. 1964,

Elizabeth R. Dickinson. Some Aerodynamic Effects of Varving

the Body Length and Head Length of a Spinning Projectile.

Ballistlc Research Laboratories, Aberdeen Proving Ground,
Maryland. BRL MR1664, 1965,
91




e b 1

TR - il MRS SRR o

S L

PRI s

S
{
.
%

TR g

R

gt

T

w

15,
16.

17.

18.
19,

Artillery Meteorology. Department of the Army FM6~15, 1962.
Charles T. Odom. The Derivation of Range Dishersion Parameters

from Raunge Firing Data. Ballistic Research Laboratories,

Aberdeen Proving Ground, Maryland. BRL MR1169, 1958.

'

M. J. D. Powell. "An Efficient Method for Finding the Minimum
of a Function of Several Variables without Ca%cdlating Deriva~-

tives." The Computer Journal, Vol. 7 No. 2, July.1964.

T _105-A8-2, Department of the Army, 1967.

Robert F. Lieske and Muriel Ewing. BRLESC Program for Compu-
terized Composition of Firing Table Texts. Ballistic Research

Laboratories, Aberdeen Proving Ground, Marylaind. BRL TN1646,

1967.

92




APPENDIX

The following sample pages are from FT 105=A8-2, charee 7.

FT 105«A8-2 TABLE A CH:RGE

CTGy HEe N1 " LINE NUMBER
FULE, PDy M537

LINE NUMBERS OF METEOROLOGICAL MESSAGE

QUADRANT - LINE
ELEVATION © NUMBER
MILS

0.0- i00.1

10042~ 201.i1
201.2- 313.0
313,.1- 423.5
423046~ 51845

51846~ 646.0

646.1- 803.4
g03.5= 959.7
95948=1131.2
1131.3-1333.0

coNo w PWN (=]

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 XXVI TO DETERMINE LEINE NUMBER.
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CHARGE TABLE B FT 105-AS-2
4
COMPLEMENTARY RANGE CTGy HE, M1
LIND NUBGER ruzo, oo, M387
CHANGE IN RANGE, [N METERS,
TO CORRECT FOR COMPLEMENTARY ANGLE OF SITE

LINE NUMBERS OF METECROLOGICAL MESSAGE .

LINE | RANGE HEIGHT OF TARGET ABOVE GUN ~ METERS
No. | METERS| -400 -300 -200 -100 0 100 200 200
g 10500 | -128 | =99 | -e1 | -24 0 36 s | 11e
. 4 [Tocoo | =195 [ =toz | —10 | -2 0 38 78 | 121
: et 16 | 2 | T 0 39 82 | 127
= ~110 | ~76 | -39 0 a1 85
10900 | ~169 | 115 | =79 | -a 0 43 90
11000 | ~155 | =120 | -82 | -43 0 a5 | 94 | 147
A 11100 | =162 | 125 [ ~es | -48 48 | 100 | 157
- 8 11200 | -170 | =131 | =90 Lo 51 107 169
- 1300 | =178 | =138 Lo - 0 s¢ | 116
f. 11400 | =187 | <146 ™= -53 0 59 | 131
: 11500

LALLE L4 T 11N L

11530 =442 1 =318 | 202

y 7 - 11400 =464 | =336 | =218 | ~-103
11300 -484 | =352 | =226 | =109

- a =237 | -114
—--HB%- - - -247 | =120
11000 | =339 | =398 | -236 | -124

10900 «586 | -408 | =265 | ~139
10800 =573 | =420 | =274 | =134
10700 «589 | =433 | -282 | =138
10600 =606 | ~445 | -291 | =142

10500 =622 | =457 | <299 | ~146

10400 =638 | =469 | ~307 | ~150
8 10300 «653 | =481 | =315 | -134
10200 -669 | =493 | ~323 | ~158
12100 -684 | =308 | ~331 | ~le62

10000 «700 | «516 | =339 | ~lé6
9900 =71% | =528 | =346 | ~170
9800 =730 | =840 | ~-3%4 | =174
9700 “746 | =551 | -362 | ~176
9600 =761 | -%63 | =370 | -182
9500 «777 | -578 | ~378 | ~l8&

9400 792 | =586 | -283 | ~-190
9300 ~806 | ~598 | =393 | -194

91 163
9% 186 253
106 201 284
111 214 aos

1 28 324
341

131 255
138 264 385

140 273 398

L44 281 411
148 289 424
182 298 436
156 306 449

160 314 461

164 322 473
168 330 485
172 338 497
176 366 510 ¢

180 354 522

184 362 533 !
188 370 545
192 378 557
196 386 569

200. 394 L] H

ofocoojojoooojojlooococlo]l 0c0o0O0OgoO] OO0OO0O | O

- 1 9 9000

S
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FT 105~A8=2 TABLE 8 CH;RGE
x CT6y 60y M1 COMPLEMENTARY RAMCE
: FUZE, PDy MS557 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
400 500 600 700 800 900 1000 METERS| NO.
159 206 255 309 366 429 499 10500 '
167 268 324 387 456 534 10600 6
282 343 411 489 ——
238 298 365 442 538 ‘
193 253 319 395 488 10900
206 270 346 441 11000
221 11100
11200
11300
11400
11500
TSI TTIT L LY DITRL P EATR Dby DI A DAL 0 ) ELS R LD L] LA Ll hy Lyl bl
11500 7
11400
11300
349 366 11200
385 447 416 11100
412 487 546 576 11000
436 521 592 647 678 10900
g e | )t | | e
42 80 10700
497 181 854 913 956 10600
516 628 726 817 898 967 1022 10800
534 648 754 851 939 1015 'aaga
5351 670 782 884 97 1061




T i ramene .

CHARGE TABLE C FT 105=AS=2
{
WIND COMPONENTS CTGs HEs M1
FUZE, PDy N357
CORRECTION 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 H1.00 3200 0 71.00
100 R«10 He 99 3300 Lal0 T.99
200 Re20 He 98 3400 Le 20 Te98
300 Re29 He 96 3500 Le29 T.96
400 R.38 He92 3600 Le38 T.92
300 Re? He 88 3700 Le4? T.88
600 Re56 He 83 3800 Le36 T.83
700 Re63 He 77 3900 Lebd T 77
800 ReT HaTl 4000 LT T.71
900 ReT7 He b3 4100 Le?7 T.63
1000 R.83 He 56 4200 L.83 T.56
1100 R.88 He 7 4300 LeBM Tea?
1200 Re92 He 38 4400 Le92 T.38
1300 Re9é He29 4500 Lo 96 Te29
1400 Re98 He 20 4600 Le98 T.20
1500 Re99 He 10 4700 Le99 T.10
1600 R1.00 0 4800 L1.00 0
1700 Re99 Te10 4500 Le99 He 10
1800 Re98 T.20 5000 Le98 He20
1900 ° Re96 T.29 3100 L.9¢ He29
2000 Re92 Y.38 5200 Le92 He38
2100 Re8B Ted? 5300 L.88 Hed?
2200 R.83 TeS8 8400 L+83 HeB6
2300 ReTT Teb3 5500 LT He3
2400 RaTl TeT1 5600 LeT) He 71
2500 Re63 T.77 5700 Leb3 He 77
2600 Re56 f.83 5800 Le88 Ho 83
2700 Raé? T.88 5900 LedT He 88
2800 R.38 T.92 6000 Ls+38 He 92
2900 Re29 Te96 6100 L.29 He96
2000 Re20 Te98 6200 L.20 He 98
3100 R.10 T+99 6300 L.10 He 99
3200 0 TL.00 6400 0 M1.00
NOTE - FOR A COMPLETE EXPLANATION OF THE USE OF THIS TABLE, SEE PAGE

Lvil.
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FT 105~AS=2
CTGy HE. M}

- - - e
ULy PUy M2D

GORRECY

TABLE D CHARGE
7
TEMPERATURE AND DENSITY CORRECTIONS

IONS TO TEMPERATURE (DT) AND DENSITY (DD)ys IN PERCENT,
TO COMPENSATE FOR THE DIFFERENCE IN ALTITUDE,
IN METERS, BETWEEN THE BATTERY AND THE HOP

DH 0 +10= 420 430= #40= +50= +60- +70= +80~ ¢90~
0 07| 0«0 0.0 0¢0 |=0el®|=0el®|=0sl®|=0u0l¢|=0s2¢|-0s2¢+|~0.3¢
DD 0.0 =0el#| =042+ |=0.3%| =004+ ~0e8+)|=0e6+|=0.7+|-0.8¢ “0.9¢
+100- OT[-0.24[-0,24{-0,2¢|-0.3+|-0.34[<0.3¢{~0.3¢[~0.4+|~0.44|-0.4+
DD|=1e0%| =lel®|=10e2¢|=1a34|=Llatet|=leS4|=1eb#|=1,T+|~leB¢+|~1.9+
+200~ OT{~0e54]| =0u5+|«0a54|=0eb+|=0,6%|=0.6+|=0,6+|~0.7+ Qa7+ ~0.7¢
DO[=2e0#| =241l |=2,2¢ 2,34 | =24%]| =2,5+|~2,6+|=2:T+ |=2.8+|=2.9¢+
4300= DT|{=0,74|=0474[=0s74|=0:s84][=0s8%|=0e84|=0e8%|=0s94|=0.9+|=0:9+
DD|=340%| =3e¢l¥|=3,2¢4 23,34 |=3,44|=3,54]=3,84|=3,74|=3.84[|=3.9¢

NOTES = Lo DH IS BATTERY HEIGHT ABOVE OR BELOW THE MODP.

3.

IF ABOVE THE MDP, USE THE SIGN BEFORE THE NUMBER.
IF BELOW THE MOPs USE THE SIGN AFTER THE NUMBER.

TABLE E
PROPELLANT TEMPERATURE

VARIATIONS IN MUZZLE VELOCITY ODUE TO PROPELLANT TEMPERATURE

TEMPERATURE VARIATION TEMPERATURE
OF IN OF
PROPELLANT VELOCITY PROPELLANT
DEGREES F M/S DBGREES C
=40 “13.1 -40.0
=30 =1l1l.6 -34.4
=20 =10.2 =289
=10 =849 =23.3

0 =T«7 -17.8
10 =beb =-12.2
20 =545 =be?
20 whob =lel
40 =34 bet
50 243 10.0
60 ~1.2 15.6
70 - Q.0 211
80 le2 26e7
90 2.6 32.2

100 bol 37.8
110 5.7 4343
120 T4 4849
130 94 LT




CHARGE TABLE F FT 105-A5-2

T .
AAGTC DNATA CTGy HE, Ml
FUZE, PDy MHB/
1 2 3 4 5 6 7 8 9
R E D ELEV | FS FOR| ©OR F | vime AZIMUTH )
A L PER GRAZE| PER 0 oF CORRECTIONS
N £ 100 M | BursT|1 MiL | R | FLIGHT
G v DR 0 ELEV| K ORIFT | W
£ FUZE (CORR |  OF
MS64 T0 L |1 KNOY
M MIL MIL FS M MIL]  sEC MIL MIL
10800 548.2 | 11.7 | 40.0 9 8 | 38.8 | 1440 | 0.70
10600 560.1 | 12.2 | 0.8 8 9| 39,5 | 14.5 | 0.71
10700 872.6 | 12.8 | 41.8 8 9| 40.2 [ 15.0 | 0.72
10800 585.8 | 13.6 | 2.3 7 | 10| 1.0 | 13.3 | 0.72
10900 599.9 | 14.6 | 43,1 7 | 10| 41.8 | 16.1 | 0.73
11000 615.0 | 15.7 | 44.0 6 |11 | 42.6 | 1648 | 0.7¢
11100 631.3 | 17.3 | 48,0 6 | 13| e3.6 | 175 | o0.18
11200 649.8 | 19,4 | 46,0 5 |14 | e4c6 | 18.3 | 0.77
11300 670.1 | 22.7 | 47.2 & {17 | 5.7 | 19.3 | o.78
11400 694,9 | 29.1 | 8.8 3 |22 ] 1.1 | 20.6 | .80

11500 T28.4 3045 48.9 22.4 0.82

tltttitil#it“tt‘i‘t!ﬁlt‘%tt###i‘vit‘#tti#l!iitt!iillq!n!t#tti#ttt**t

11800 8580.9 57.1 85.2 20.2 0.94
11400 881.1 2642 88,7 4 22 5648 3246 0.98
11300 903.3 20.3 59.8 L] 17 87.9 3444 1.00
11200 921.7 17.2 60.7 & 14 58.7 3640 1.03
11100 937.8 18.3 6le4 4 13 59.5 37.5 1.06
11000 952.3 13.9 62.1 7 11 60,1 8.9 1,08
10900 96545 12.8 62.7 8 10 60.7 4042 lel0
10800 977.9 lL.9 63,3 8 10 61.3 41.% l.12
10700 989.4 11.3 63.8 9 9 61.8 42.8 1.15
10600 1000.4 10.7 6463 9 L] 62.2 4440 .17
10800 l010.8 10.2 6447 10 L] 62.7 48.2 1.19
10400 1020.7 9.8 68.2 10 8 63.1 46.4 l.21
10300 1030.3 L1 6846 11 7 63.5 4Teé 1l.23
L0200 1039.58 9.0 69.9 11 14 63.8 4848 1.25
10100 1048.4 8e7 66.3 11 1 6442 49.9 l.27
10000 1087.0 8.5 8.6 12 ) 645 51.1 1.29
[ ]
9900 1063.3 8e2 67.0 12 ] 64.8 52.3 1e32
9800 1073.4 8.0 67.3 12 6 6.1 53.4 Le 34
9700 1081l.4 T.8 7.6 13 6 654 5446 le 36
9600 1089.1 Teb 67.9 13 6 657 55.8 1.38 »
9500 1096.6 Te8 68,2 13 ] 6.0 57.0 140
98
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FT 105-A5-2 TABLE F cn;aGE ;
CTGy HEy ML CORRECTION FACTORS 3
FUZE, PDy M557
! 1 o [ u [ s [ [1s [ae Jar fue Jus | |
: ; A RANGE CORRECTIONS FOR | i
i , N MUZZLE RANGE AIR AIR PROJ WT ‘
| ; 6 VELOCITY WIND TEMP DENSITY of 1 $Q
g : E 1 N/S 1 KNOT 1 PCT 1 PCT 2 5Q ST
; oec | tnc |wWEAD [rarL | oec | INc | Dec | Inc [ DEC |ENc {
} ,
5 ] M M M M M M M M o oM :
’ 10500 18.2] -17.9| 18.9 [-15.1| 26.3|-26.2|-36.6[37.0[ 23 |-19
a : 10600 18.3 | -18,0 “15¢3 | 2646|2645 [ =371 | 37.7| 23 [-19 ,
! : 10700| 18.4 | =18.1 “18.6 | 26.8[|-26.8 [ -37.6|38.4| 24 (=20
i 10800| 18.6 | =18.2 ~15.8 | 27.1(-27.0|-238,2 | 39.2 25 |=-21
! - 10900| 18.7 | -18.3 ~1640 | 27.3|-27.3 [ -38.8 | 40.0| 26 [-22
l 5 11000 18.8 | ~18.4 “1642 | 27.5[-27.5|~39.3 | 40,9 | 27 [-23
: 11100] 18.9 | ~18.6 “1644 | 27.6(=27.8 [ =40.0] #2.0 28 |=-2¢
11200| 19.1 | ~18.7 “1646 | 2747|2840 | =4046 29 | =26
‘ 11300 19.3 | =18.8 -16.9 | 27.5|-28.2 | -41.2 31 |-26
11400 ~18.9 -17.1 “28.4 | ~41.9 32 | =27
11500 -19.0 -17.3 -2846 | =4246 33 |-28

LA I TT Ll Ntl‘iltﬁl‘l!lﬁl!ll!“#!l!ﬂ A0 0 S o o o O e

i ;
; 10700 18.5| ~18.0 “18¢4 | 2B41|=2541 | =45.8 | 43.4] 37 | =33 i
i

10500 1842 | =1746 | 1948 | =1843 | 2606 |w24.7 | ~43.1 ] 4340} 37 |-32

. 10400 1800 | =1Teé | 19,8 | =1842 | 24.4[=24.5 | ~44,8] 42.7 36 | =32 o
: 10300 17.8 | =17.3 19,8 | =1841 | 24¢1[=2402 | =4b.4 | 4244 36 =32
10200 177 ] =17l 1947 | =180 | 23.9|=2440 | ~4b,1 | 42.1 86| -2
10100 175 | =169 197 | =18.0 | 23.7(|~23.8 | ~43.7] 41.9 36 | ~232 i

; 11500 -19.2 -19.0 -27.2 | =48.2 36 | -32
: 11400 =191 -1849 «26.9 | =479 37 | =32
| 11300] 19.4 | =18.9 ~18.9 | 27.4|-26.6 | ~47.8 37 | -33
; 11200 19.3 =18.8 =l8.8 26.8|=26.4 =474 3' ‘33
! 11100 19.2 | ~18.6 —18.7 | 26.4|=26.1 | -a7.1 | 43,6 | 37 | -2 |
11000| 19.0 | ~18.4 ~18.6 | 26,0]=25.9 | =46.8| 43.8| 37 | =2 :
10900 18.9 [ =18.3 ~18.6 | 25.7(-28.6 | 46,5 43.7] 37 [ -3 1
10800| 1847 | =184l <188 | 25.4[=25.4 | ~46e1 | 436 37|32 1
10600| 18.4 | -17.8 -18.3 | 26.9|-24.9 | -48.8 | 43.2] a7 |-%2 ,
*-

10000 17.3 | =16.8 19.6 | =L7.9 | 23.4[=23.6| =4344] 4148 36| =32

t
9900 171 | =1&46 196 | =178 | 2342|=23.4 | =43.0] 4l.2 16 | -31 i
9800 17.0 ] =16.4 19.5 | ~17.8 23.0|=23.1 | =42.6 | 40.9 35 | -3l I3
9700 16.8 | =18.2 194 | =17.7 22.7|=2249 | =4243 | 4046 35 | =31 !
9600 16.6 | =16.0 19:4 | ~1748 22,5227 | ~4149| 40,2 35 | -3 |

i 9500 164 ] =159 1943 =17.6 | 22.3({-22.5] =41.5| 39.,9| 35| =31

|
|
|
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CHARGE TABLE G FT L0%-AS~-2
7

SUPDLEMENTAGY NATA CTG. HE. Ml
FUZEs PDy M557

|
1 2 316 |8]6 1 8 9 10 11 12 13
R E PROBABLE ERRORS ANGLE] COT | TML| MO COMP SITE
A L OF JANGLE} VEL FOR .
N E FULE M564 | FALL)] OF
G v FALL +1 MIL|=~1 MIL
€ R | O [HB] TB | RB SITE SITE
M MIL | 4 | M | M SEC| M | MIL M/S| M MIL MIL
0 0.0( LO| O} 0[0.05]| 25 0 494 G| 0.000| 0.000
1000| 22.4| 9| O] 1{0.06| 24 24| 64leB| 433 6| 0,001 0.000
2000] 49.3 81 0] 1]0.06] 24 89| 17.3| 378] 26| 0.002|~0.002
3000 B2.0] 9| O] 3]0.07| 24 107| 9.5 333| 69] 0.006|-0.005
4000| 121.3] 9] 1 4]0.08] 26 166 6.1] 312] 142] 0.012}=0.010
5000 166.6| 10] 1] 6]0.09| 28 231| 4.3 300| 251| 0.021|«0.,017
6000| 217.2| 11 1] 9]oell} 30| 301 3.3 | 292 400| 0.034|=0.028
T000] 273.4] 13] 1] 12)0.12] 21 377 2.8 285) 595] 0.057(-0.047
8000 336.3) 14) 2] l6]0.13] 33| 459 2.,1| 28L) 847| 0.098|=0.079
9000} 408.4{ 13| 2] 21{0.15| 35| 3550 L.7| 2781176 0.169|~0.136
10000] «958.1| 16] 2] 27]|0.16] 37| &%) 1.3 279}1622| 04331|-0.251
11000| 615.,0| 18] 3§ 3710.19| 38 783 1.0] 2832311 1.101|=0.587
L1500 728.4) 50| 4| 446|0.21} 38] 899 0.8] 2889|3018 =k 432

.‘#*‘W‘t#“*(li‘ﬁ‘l!lllt*llliﬁQ#QT##‘*¥1#!‘#*1***‘T#“*“ill‘lih.t‘#ll

5610.23] 37] 1011] 0.7 296]3807 2. 448
6% {0424 35| 1098 0.5 3014456 (-2,135]| 1,687

. T2]0026] 31] 1185 Q.4 | 305|5087|~1.402] 1.327

TT|0e27] 28] 124%] O.4| 306)5505]|~1.234] 1,208
0s27] 28 L2985 | 0.3 306(8824{~14182| l.137
82]0.28] 21 ] 1338 0.3| 305)|6081[|~1¢102| 1,094
83]0.28] 18] 1379 0.2] 304]6291|~1.068] 1,064

83[0.28( 15| 1417 o.2( 302[6s63|~1. e8] 1,042

11800 8%50.9| 3¢
11000| 952.3] 20

10000]1057.0} 19
9000 (1132.2] 17
8000119844 L&
7000|1251.9| 14
6000 |1304,2| 12

5000 [13584.0| 10O

~l NN O I L
[ d
o
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FT 105«A8=-2

Lty HEy ML
FUZE, PD, M557

CORRECTIONS TO RANGE,
' FOR THE ROTATION OF THE EARTH

IN METERS,

TO COMPENSATE

CHARGE
7

AZIMUTH OF TARGET = MILS
RANGE 0 200 400 600 800 L1000 1200 1400 1600
METERS | 3200 3000 2800 2600 2400 2200 2000 1800 1600
1000 0 -1+ -2+ -4+ -5+ “5+ ~Hh+ -bt -6+
2000 0 -2+ -4+ -6 -8+ -9+ -10+ =11+ -l1+
3000 0 -3+ ~&+ ~8+ =10+ =12+ -13+ ~144+ =15+
4000 0 -3+ -T+ -10+ -12+ =14+ -16+ -17+ -17+
5000 0 -4+ =8+ | ~lle | =~lée | =17+ -19+ =20+ | =20+
6000 0 -4+ «9¢ | =134 | =16¢ | =19+ | =214 =23+ | =23+
7000 0 -8+ | =10+ | =~l4+ | ~18¢ | =214+ “24% =28¢ | =26+
8000 0 84 | alle | =154 | =204 | =23+ | =26+ | =27+ | =28+
9000 0 =6+ [ =11+ | =184 | =214 | ~24¢ | =27+ | =20+ | -29+
10000 0 =b¢ | =11+ | =1&+ | =21+ | =25+ -27+ -29¢ | =30+
11000 0 8¢ | =L+ | =18+ | =20+ | =23+ =264 -27+ =20+
11500 (o] -5+ 94+ | =13+ | =17¢ | =20+ =22+ «23% | =24¢
tmtmnntmn:nttp-tt:t-i-m-nmm 00000 U 10 N o 0 o o o o o
11500 0 -3+ -6 =8+ | =11+ | =13+ =14 =15¢ | =15+
11000 0 -1+ =3+ -4t -5+ =b¢ =T+ =T+ “T¢
10000 0 0 - +l= 2= +2- 2= |, +2~ *2m
9000 0 *2= 3= [ T o= +8= +8= Y-8 9=
8000 0 3= b= 8= *10= | +1l2= | +l3= *lé= | +)8=
7000 0 ‘o= 7= *ll= *13= | ¢16= | +18=- *19= | +19=
6000 0 ‘= 9= +13- +l6~ | +19=- +21=- 22~ *23=-
5000 0 ¢5= | +10= +lh- +18= | +21~ +23~ +25= | +28-
3200 3400 3600 3800 4000 <200 4400 4600 4000
6400 6200 6000 8800 8600 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, CORREGTIONS ARE FOR 0 DEGREES LATITUDE.

MULTIPLY CORRECTIONS BY THE FACTOR GIVEN BELOW.

FOR OTHER LATITUDES

| LATITUDE (D

EG)

10

20

30

40

50

&0

70

I MULTIPLY BY

+98

94

<87

17

b4

«50

3

101
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FT 105-AS~2 TABLE I CHARGE
7
Liby HEy M3 KUTATLUN ~ ALIMUIN
FUZEy PDy MS357
CORRECTIONS TO AZIMUTHy IN MILSy TO COMPENSATE
FOR THE ROTATION OF THE EARTH
30 DEGREES NORTH LATITUODE
AZIMUTH OF TARGET - MILS
RANGE 0 400 800 1200 1600 2000 2400 2800 3200
METERS| 6400 6000 5600 5200 4800 4400 4000 3600 3200
1000 | LOLIR| LOsLR| LOCIR| LOIR| LOLIR| LOGIR| LOCIR| LOLAIR| LOLLR
2000 | LOJ2R| LOC2R| LO2R| LO.2R| LOC2R| LO.2R| LOL2R| LOL2R| LO.2R
3000 | LOJ2R| LOs2R] LOW3R| LOW3R| LOBR| LO«3R| LO3R| LOL43IR] LO3R
4000 | LOC3R| LO3R] LO3R| LO4R| LOG4R| LOL4R| LOJ4R| LO4R| LOW4R
5000 | LO4R| LO«4R| LO4R| LOJER| LOBR| LO3R; LOGSR| LOSR| LOGSR
6000 | LOJSR| LOSR| LOBR| LOOR| LOOR| LOOR| LO«6R| LO«TR]| LOs7R
7000 | LO6R| LOOR| LOOR| LOJ7R]| LOSTR| LOLBR] LO.BR| LO.BR| LO.BR
8000 | LOJTR| LOTR]| LOSTR| LOJBR) LOWOR| LO9R| L1e0R} L1.0R| L1.OR
9000 | LO.BR] LOJBR| LOGBR] LOWOR{ LL.OR| LLesLlR| LLe2R| LLe2R| LLle3R
10000 | LOGBR| LO«9R| LOOR| L1LR| L142R| L1e3R| LLASR| L1sBR| L1e6R
11000 | LO9R| LO«9R| L1aOR| L142R| Lle4R| L1eTR| L148R| L2.0R| L240R
11800 | LOSBR| LOOR| LLeLR| LLeBR| L1eTR| L24OR| L2+2R| L244R| L245R |
15000000 0 O I R R R e
11800 | LOTR| LO«BR| L1eOR| L144R| L1+9R| L243R| L2+.7TR| L3.OR| L34OR
11000 | LOSR| LOOR| LOGIR| LL«4R| L24OR| L266R| L3<LR| L345R} L3aéR
10000 | LOJIR| LOs2R| LOSTR| L144R| L2.2R[ L34O0R| L3.6R| L4.1R]| L4a3R
900U | RDeIL| ROGLIL| LOW4R| L1e3R| L242R[ L32R| LAelR| L4sbR| L4W8R
8000 | ROJBL| ROs6L| LOGIR| LLLR| L243R| L3aBR| LéeBSR| LE52R{ LBedR
7000 | Rleé4h| RLoLL| ROWIL| LOHR| L2.BR{ L3.BR] LB.OR| LB.BR| Lb.1R
6000 | R2.1L| R1e8BL| ROeBL| LOGOR| L2.4R| L4alR| LB.BSR| L6.5R| L6W9R
5000 | R3eLL| R2e7L| RLeBL| LOIR| L2+AR| L4aBR| LO2R| LTs4R| L7«
3200 2800 2400 2000 1600 1200 800 400 "]
3200 3600 4000 4400 4800 5200 5600 6000 46400
ALIMUTH OF TARGET = MILS
30 DEGREES SOUTH LATITUDE
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. R DENOTES CORRECTION TO THE RIGHTy L TO THE LEFT.
4, ALIMUTH IS MEASURED CLOCKWISE FROM THE NORTHe
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F7 105-A5-2 TABLE J CHARGE

3
CTG, HE, M1 FUZE SETTING FACTORS
FUZE, MTSQy M5
t 2 3 4 s 6 7 8 9 10| 1
FS IFUZE SETTING CHANGES FOR :
; MUZZLE RARGE AIR ALR PROJ WT ‘
g VELOCITY WIND TE P DENSITY OF L SQ
: LM/ 1 KNOT 1pCT 1 eCr 2 50 sTo

DEC INC HEAD | TAIL DEC INC DEC INC DEC INC

35 =¢039 [ 039 | -.011 | 012 4026 | «033 «052 [-e 047 «007]|-.012

36 -+ 040 «040 | ~a 011 «013| ~,028 «035 +054 |-, 049 « 006 |=4011
¥ 37 =+041 [ 041 [ =eOLl2 | 4014 | ~4030 | «036 «056 |-, 051 «004 |-« 010
¥ . 38 | =4Q42 [ 4042 | =o01l2 | <014 | -.032 | 038 «058 [~ 0%2 =003 |+-4009
i : 39 | -.042 | 042 | =013 | 015} =.033 ‘.040 «059 |=.054 «002|~e008

40 ~e043 «043 | =-,013 «015] ~.035 «Oh2 +« 041 |=4 035 « 000 |~ 006

L3} =044 «044 | =014 «015 -0037 +043 +063 [, 057 | =a001|~. 008
42 -e044 o044 | =014 016 -,039 045 0065 -, 059 =4002|=¢004
»i ' 43 =e0645 «045 | =018 W016] =,040 «047 « 067 |=4 060 -+004]|=-4003
‘ 44 | =eQ46 | o046 | =o015 | 4017 | =042 | 4048 069 |-4062 | =4 005|-.001

45 | «e047 | «047 | o016 | <017 | =.064 | 4050 o071 |~a0b4 | =4 00T7| «0C00

46 | =a047 | o047 | =o016 | (018 | =045 | 4052 «073 =066 | -4 008| 0OL
47 | =¢048 | 4048 | =401l6| 4018| =,047 ] 4053 078 |=.067 | =a010]| 002
i 48 | =e049 | 4049 | =o0LT7 | «0L8 | «.049 | 4055 077 [=e069 | =011 004
: 49 | =+050 | «050 | =<0L17| 019 | =080 ] .O87 2079 |- 072 | =o 013 2008

] %0 -,051 «081 | = 018 019} ~.052 |-.058 ¢081 [~e 074 | =a014| «006
'}

E 31 [ =052 | +0%2 | =-.018] .0L9| ~.084 | +060 0084 1=4076 | =4 016! 4008

i

|

52 -.053 «054 | =,018 «020| -,055 062 «086|~e 078 | =a0L7? « 009
53 | =¢055 | «085 | «4019 ] «020] «.057 ] 4063 2089 =080 | «,019| 010 i
B4 | =056 | 058 | =4019 | 020 ~.058 | 0685 2092 [=.083 | =,021| <0L12 :

; : 55 ~a057 «087 | =, 019 021 =, 060 + 067 «095 |-, 085 ‘0022 «013

'i : 56 -4 058 «059 | =4020 «021 -, 061 «Q68 «098 [~ 0088 ~e024 «015 i
: 87 | =060 | «060 | =020 (021 -4063 ] .070 o101 |=.091 | =0 025] .0L16&
' : 58 | ~.061 ) 4061 ) =4020| 4021 =065 ) 4072 «1041=,093 | ~.027| <018 :
: 59 ~e062 | 4063 [ =¢020| 4021 =066 | «074 ¢107|~e 0986 | =4029) 020

i 60 | =066 | +086 | =021 ] o021 | ~.068 | «075 | <110[=2099 | ~.032] .021

61 --065 0066 '0021 «022 ~+070 Q77 «113}=4102 ~e0364 ¢°23 ;
b2 - 067 «067 | -4021 022 -.072 079 «l17 (=105 | =4037 «02%
63 | ~.06B | 4069 | ~,021| 022 =-,073 | .081 #120(=<108 | «,039] L027 i
b4 =070 070 | =-4021 022] -,075 «084 ol24|=4112 | =.042 «029 .

65 4071 072 -.021 «021 =077 «086 0128 |=e 115 | =o044 032

66 ~e073 «073 '-021 0021 '0079 088 0[32 -.118 - 047 « 034
67 ~e074 078 | =-4021 021 ~.082 «090 «l36{=~sl22 -.0%0 «037 '
' 68 | =e076 | «076| =021 ] 4021} ~40B4 | ,093 el4l|~e126 | =.054| 041
69 | ~e077 | «078| =021 2020} ~.086 | « 096 145 (=4130 | ~,0599( <044

i 70| =409 | 079 ] «.020| +019] ~.089 | 4099 [ <150|=e134| ~c063| <049
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CHARGE TABLE K FT 105-AS=2
[ 4
DRy GH (ELEVATION) CYGy HE, M)
FUZE, PD, M557.
_ CHANGE IN RANGE (DA) AND HEIGHT (DH), I[N METERSe
FOR AN INCREASE OF TEM WILS IN ELEVATION
L nance HEIGHT OF TARGET ABOVE GUN - METERS
METERS -%00  ~200 0 200 400 600 800 1000
7560 GR| -B.1| =~10.4| -12.8] -15.2] =17.v) =20.2] -22.8| <25.%
OH| 73.8| 7ect! 744 Thes|{ Tes9| T5.2] T8.5| 1547
8000 OR| =i0e6 -l3el ~15e8) =18al) =20.6] ~23.3 -26.0 -28.9
vH| 78.9{ 79.2] 79.8| 79.8] 80.1| @0.4| 80.7] e1.0
850& DR} =13.6 ~l6a2 *l8e8] =2leb)| ~24.2] =2T.1 =30.0 -33,0
OH| 8acl| 8%e6[ B84e8! 85.1] 85.4| B5.7( B86.L| 8hed
9000 OR| -17.2] -19.9| -22.7| -25.8] -28.8| ~31.8] -24.8] -38.1
DM 89.3| 89.7( 90.0| 90.4; 90.7| si.i| 9l.e| 9128
9500 DR[| -21.5| ~24.5| <27.4] ~30.5) -33.8| ~37.2| -40.9| -ss.sl
DH{ 94.8] 94.9] 985.3] 95.7| 96.1| 96.85] 96.9| 97.2
10000 DR| =26,8| ~3040] =33.3] =36.9] =40.0] ~4hes| =49.0] =538
oH| 9.9| 100:.3| 100.7| 101.1| 101.6| 102.0( 102.4| 102.8
10500 OR| =23.4| ~37.1| <41.0| ~48.3| =50.0 ~85.2] ~60.8] =677
OH| 105.2] 103.7] 106.2| 106.7| 107.1| 107.6| 108.1] 138a6
11000 OR| =42.4| =47.0[ =52.2| =88.0] -64.9| <741 ‘
, oH| 1107 111.2] 111.8] 112.2] 112.8] 113.4
11500 DR| =56.4| =63.7| <7440 .
okl 11ee2| 19| nTesl
EXTT LTI RIYN IR LT Y "‘f“*i‘!.“‘-’“-#*“.‘ JILIZTVITIIVI ALY L ‘#I*‘.li
11500 OR|=120.9] ~113.9| =103e5] '
OH| 113.0| 114e4] 118.2
11000 CR{-129.9] ~135.9| -131.3|-126.¢]-119.5]|-110.4
: oH| 104e6| 105.7! 106.8| 108.1| 109.4] 111.1
10590 OR|=153.4| =150.2| =146.8 =143, 1{-139.1]-134.5] -129.2] ~122.7
oH| 96.5| 97.6] 98.7( 99.7| 100.7| 101.9] 103.1] 10%.e
L0600 DR |-164el] ~15145] ~158.5|-155.5|-182,3]|~148.9] -145.1| =14Ce9
oH| 88.6] ©89.5| 90.6| 91.6| 92.6| 93.85| 94.s| 95.7
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z
FT 105-A$-2 TABLE L CHARGE ]
7 :
CTGy HEy M1 DRy OH (TIME) | »
FUZE( PD, M357 I i
CHANGE IN RANGE (DR) AND HEIGHT (DH), N METERSy b
: FOR AN INCREASE OF ONE SECOND IN TIME OF FLIGHT _i .
ﬁ : RANGE HEIGHT OF TARGEY ABOVE GUN = METERS 'g '
o METERS -400 =200 0 200 400  6U0 800 1000 ! p
7500 OR| 259.3| 259.5| 259.3! 258.4} 258.0] 256.9| 255.4| 25346 i L
OH|=125.0| =118.7| =112.5(-106.5{=100.6]| =95.0| <-89.6| =84.5 i :
8000 DR| 253.0| 253.0| 252.7| 25241 251.2| 250.0] 248.4| 2465 ad
OH|=133¢3| =127.7| =122¢3(=117.0{=111.9(=107.0| =102.4| =9840] 'f?
8500 DR| 206.5| 2646.3| 2645.9| 245.2] 244.1| 2642.8| 261.1]| 22942 L
} DH|[~142.0| =137l =132,4{=127.8)=123.5|-119.3| =115.5] =111.9 | 4
ﬁ 9000 ODR| 239.8| 239.5| 238.9| 237.9{ 236.7| 235.2| 233.4f 231.3] Hf?b
ﬁ _ DH[=151e3 | =14741] ~14341({~13¢,2{=135.6(<132.2] ~129.2| ~12644 Lo
1 o B Aty B/
5 9500 OR| 232.8| 232.2| <2%1.4| 230.3] 228.8| 227.1) 225.0( =222.% ERE
¥ OH|=161e3 | =187.7| ~154.4(=151,3{=148.5|-145.9| =143.8| ~142.0 .3
3 . B . Ve : ! . N
| _ - ¥
! 10000 OR| 225.3] 224.8( 223.3] 221.9| 220.1] 217.9(  215.2| 21240 §
f! DHi=172.0} =169.3 "166‘7 = 164e8]«162:5(=161.0| =160¢0| =L59e8] - E,
g — 3
’ : . ) )
¢ 10500 OR| 217.0| 21%2.8} 214.2] 212.2] 209.7| 206.8| 202.86| 197.%
;i DH|=184.0| ~1824+1| =180.%|=17943|~178.7(«178.7! =179.8( ~182.3
] . .
| 11000 OR| 207.4| 208.4| 202.9| 159.6] 195.1 18845 ik
| DH{=197.7| =197.0! =197.0(~197.8]~199.9|-204.7 b
¢ " ;
4 11500 DOR| 194.5| 190.3; 183.5 Y
. OM |=218.4 | ~21T746] ~223.0 ! &
‘ ) Ao s oot ol ok o oo e ol ol e ool o uumunuuﬂ l‘l"‘lll*lh ERIS I T RIS PR T it ] 1 -
[ 11500 OR| 147.5| 153.5) 16l.8 ' k.
1 OH [~267,2| ~259.2| -248.1 . [ 3
3| : A N
. 11000 DR| 13441 138.1| 142.%| 147,2| 153.0] 160.4 1
. DH [~277e2 | =271e7| ~26%¢64(-25842{-749,6|~23843 5
R 10500 OR| 12348 12741 130.5] 13401 138.0] 142.2| 167.1| 15249 b4
3 DH [~2B3.5 | ~279.0| ~273.9|-268.2]|-262,0]-254,9| -246.8| =237.2 R
Y
R L
. 10000 BR| 115.1] 117.9] 120.8| 123.8] 126.9]| 130.3| 133.9] 137.7 ? "
DH[-288.2) -2840L| -27947|-274.8|-269.5(-263.6| -257.2| -25040
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FV 108-A5-2 TABLE M CH#RGE
CTGe HE. ML FUZE SETYING
FUZE, MTSQe M520A)

CORRECTIONS ¥O FUZE SETTING OF FUZS, MTSQ, MS&4 FOR
FUZEy MTSQy M320A1

TR IR KB TR T e R e -

A PUZE SETTING ;
;.2- FUZE MSb4 CORRECTIONS
. FROM T0
? 2,0 2.4 0.4
2,5 7.3 0.5
7.4 12.1 Oeb
1242 17.0 0.7
17.1 2.8 0.8
21,9 2647 0.9
26.4 N8 1.0
3.6 3644 led
36,9 4l.2 ~ 1.2
41.3 hbol 1.3
46,2 . 50.9 - L6
51,0 - 55.3 1.5
85.9 656 1.6
. 80T - 65‘.5 lo7
68,4 0.4 1.8
" 705 73.8 *le9
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CHARGE FT 105-A§-2
1
CTGy ILLUNINATINGs M314A2EL
EUZEy MTy M543
1 2 3 I 5 6
RANGE E ES CHANGE IN RANGE
10 L FOR ELEV FS 10
BURST E FUZE FOR 50 M INCREASE IN INPACT
v M565 HEIGHT OF BURST FOR
FULE, M565
M MIL FS MIL FS M
800 78842 2.6 33.0
900 73145 2.8 32.6
1000 682.2 3.0 22.0
1100 639.2 3.3 3.1
1200 601.7 3.5 30.1
1300 568.8 a7 29.1
1400 53949 4,0 28.0
1500 51448 43 27.0
1600 49240 4.8 26.0
1700 47241 4e8 25.0
1800 48445 S.1 24e1
1900 438.8 Yedp 23.2
2000 42540 5.7 22.4
2100 41246 6.0 21.6
2200 40146 6.3 20.8
2300 291.9 6.6 20.1
2400 383023 6.9 19.5
2500 - 378,68 7.2 18.8
2600 368.9 7.8 18.2
2700 343.0 7.8 17.7
2800 357.8 8.2 17.2
2900 383,23 B8 16.7
3000 349.4 8.8 1642
3100 346,1 9.2 15.7
3200 3434 9.5 15.3
3300 3411 9.9 14.9
3400 339.3 10.2 14.5
3500 337.9 10.¢ 14,2
3600 337.0 10.9 13.8
3700 33644 11.3 13.5
3800 33641 1.7 13.2
3940 336.3 12.0 12.9
4000 33647 12.4 12.6
4100 337.4 12.8 12.4
4200 338.4 13.2 12.1
4300 339,7 13.6 11.9
4400 341.3 13,9 11.6
4500 34341 14.3 11.4
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