CHAPTER 11
GUNNERY

Section . INTRODUCTION

79. (U) General

a. This chapter is a guide for the Redstone group commander and
his staff on field artillery gunnery for the Redstone group. It pre-
scribes procedures [or fire direction, computation of firing dats, and
fire commands.

b. The primary characteristics of the Redstone are its long range
and nuclear firepower capabilities. To be effective, this fire must hit
the target at the right time. Field artillery doctrine demands delivery
of accurale fire within time limits imposed by the tactical situation.
Procedures must insure maximum reliability, flexibility, and timeliness
in the execution of nuclear fire missions.

¢. Much of the information contained in this chapter is based on
standard artillery doctrine; however, the information dealing speci-
fically with fire direction procedures and computation techniques is
based on data available at the time of publication of this manual.

80. (CM) Trajectory

6. Phase I From Liftoff to Cutoff. The missile is fired vertically
from point A, (fig. 15). The missile ascends initially at & rehm'eh'
low speed. Because of this low speed, httlcornoeontmlapronded
by the rudders. Carbon vanes, located in the jet exhaust of the pro-
pulsion unit, direct the expulsion of the hot gases and provide control
and stability during the initial stage of this phase of the flight. Also,
during this period, lateral deviations are detected by the lateral accel-
erometer and correction commands are sent to the control surface by
the guidance system. Although range guidance as such is not in
effect at this time, deviations in velocity and displacement are utilized
in the cutoff computer, which determines cutoff when preset conditions
are satisfied. The deviations that exist in range for the entire trajec-
tory and laterally after cutofl are accumulated in the range and lateral
computers and are fedto the control computer after reentry.

b. Phase IT From Culoff to Separation. At point A, (fig. 15), condi-
tions permit the cutoff equation to be satisfied, and the propulsion unit
is cut off. Cutoff is chosen so that the missile is traveling at a certain
velocity at a certain point in space, so as to follow a predetermined
ballistic trajectory in to the target. Between cutoff and separation
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Figure 15. (CM) Redstone standard trajectory.

of the thrust unit from the body, there is a delay of some 10 to 30
seconds. Up to point A;, the missile has been under & constantly
increasing acceleration. As a result, time must be provided for the
acceleration to fall to zero and the velocity to stabilize. This is called
thrust decay. The time between cutoff and separation has been
delayed in order to prevent the thrust unit from ecolliding with the
missile body during thrust decay. At point A, separation is com-
pleted, and the thrust umit follows closely behind the body. Because
of little atmospheric density at this altitude (approximately 175,000
to 275,000 feet), the air vanes on the body are ineffective, and jet
nozzles provide attitude control.

¢. Phase III From Separation to Reentry. During phase 1II, the
body follows a ballistic trajectory controlled in attitude by air jets.
From separation to reentry, the range and lateral computers continue
to accumulate deviations from the standard trajectory.

d. Phase IV From Reentry to Impact. Reentry (approximately 300
seconds from liftoff for minimum range to 340 seconds for maximum
range) i8 the point on the trajectory where the body unit of the missile
comes back into that portion of the earth’s atmosphere which is suffi-
ciently dense to activate a deceleration switch. Thisis a critical period,
since extreme heat and shock are generated as the body dives into
denser air. One of the primary reasons for separation is to improve
aerodynamic stability of the missile body during this phase. Also,
without separation, heavy construction of the thrust unit would be
required in order to withstand rapid deceleration and maneuver
accelerations. On reentry, the deceleration switch initiates the
following guidance and control changes:

(1) The control computer accepts signals from the lateral and
range computer. The guidance system gain is small at
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first, and then it gradually increases until the control servo
loop is operating at full gain. Possible destruction of the
missile would occur if corrections were enforeed too abruptly
at this high velocity,

(2) The attitude error signals are attenuated so that primary
consideration is given to guidance errors.

81. (CM) Standard Trajectories

a. The standard trajectories for the entire range of 93 to 324
kilometers nre obtained by using 2 different tilting programs during
the powered portion of the trujectory.  These tilting programs are
designated as short range and long mnge.  The range covered by
trajectories having the same tilting program is varied from maximuom
to mimmurm by cutting back the burning time.  Thus, the powered
portion of uny trajectory in a fumily of related trujectories is identical
exceplt for time of cutofl.

b. Fourteen tapes representing standard trajectories are used in
conjunction with the tilung programs. These tapes are carried in
the test station. The correct tape is determined during the compu-
tation of the firing commands.

e. From firing until impact, the attitude of the missile in the pitch
plane is controlled by the recorded program. This is done in order
to insure proper pitch attitude of the missile throughout its trajectory.

Section Il. THE GUNNERY PROBLEM
82. (CM) General

a. The Redstore missile gunuery problem is one of determining
equipment settings which will cause the missile to deliver its war-
head to the target. These equipment settings or presettings repre-
sent the fire commands which are sent to the firing position and placed
in the missile prior to firing.

b. These presettings cstablish a precalculated standard trajectory
in the missile guidance equipment. Missile performance is compared
with this standard trajectory to determine any corrective maneuver
necessary after reentry. Missile performance is messured by two
gyro accelerometers which measure secelerntions in the direction of
their sensitive axes.

¢. A knowledge of the guidance and control system is needed to
understand the theory of the firing tables and the purpose of the

presettings.

83. (CM) Firing Table Theory

a. The path or trajectory of the missile can be described by equa-
tions of motion which consider the forces affecting the missile through-
out its trajectory. Since these forces are vector quantities, a refer-
ence or coordinate system is established. The basic trajectories for
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the Redstone missile are calculated with reference to a space-fixed
Cartesian coordinate system (rectangular, three-dimensional). The
reference of this system is the earth’s center, with the Y axis going
through the lnuncher location. The X and Y axes are in the plane
of the trajectory, and the Z axis is perpendicular to the plane of the
trajectory (fig. 16). This space-fixod coordinate system is further
referenced to an earth-fixed coordinate system, which has its origin
at the lnuncher location. This is done to simplify the transformation
of equations of motion to the missile guidance coordinate system.
The ecarth-fixed coordinate system is o direction-fixed coordinate
system with a constant velocity equal to the velocity imparted to the
Inuncher location by the rotation of the earth.
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Figure 18. (CM) Redslone standard trajectory, X, Y, and Z and guidance
coordinales.

b. The missile guidance coordinate system establishes the measuring
axes as the range direction coordinate and lateral direction coordinate.
The values for missile presettings are determined along these two
measuring axes (fig. 16).

¢. Referencing of the space-fixed coordinate system to the launcher
location and the (ransposition to the missile guidance coordinate
system is not apparent in the fiving table solution of the gunnery
problem. ™

d. With the Redstone system, the standard and reference trajec-
tories must coincide at cutoff. Coincidence is accomplished by
selecting a program tape and approprinte missile guidance coordinate
directions. The tape is selected based on the computed range and
provides coarse range control. The guidance coordinate directions
were selected to provide optimum accurncy and simplicity in fabri-
eation of guidance equipment. The selections of the coordinate
direction and tape minimize errors due to time of flight variations
and result in a free flight path after cutoff.
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e. The range control generated by the tape causes the missile to
follow a path approximating the standard trajectory with minimum
angle of attack. When the guidance system is influenced by the pre-
settings, this path will theoretically coincide with the standard tra-
jectory at cutoff.

J. The guidance coordinates are referred to as range, lateral, and
impact. No measurements are made in the impact coordinate
direction since deviations in the impact direction result in only
second-order errors, which are negligible. The impact coordinate is
defined as the tangent to the trajectory at the point where those forces
parallel to the range coordinate are equal and opposite. The range
direction coordinate is defined as a line extending through the launcher
in the direction that the range accelerometer measures accelerations.
The range coordinate is perpendicular to the impact coordinate.
The lateral coordinate direction is perpendicular to the plane described
by the range and impact coordinates or is perpendicular to the plane
of the trajectory. The lateral accelerometer measures acceleration
of the missile with respect to this plane.

84. (CM) Firing Tables

The firing tables contain tabulated data based on the performance
of & standard missile following standard trajectories under standard
conditions. The tabulated data are actually coefficients for the
equations used in computing the missile presettings. The tables will
also contain values to compensate for altitude variations and other
deviations from standard conditions. The tables contain coefficients
listed under the following parameters:

. Ry—argument to determine interpolation factor.

. R—range angle value used to compute time to enter other tables.
K—aiming azimuth.

. E—elevation angle for range accelerometer,

A—correction factor applied to velocity (Q).

B—correction factor applied to displacement (S).

. TT—total flight time.

. C—correction to T'T.

i. W, I, SI, ST—{actors to be used to compensate for variations in
liftoff weight, thrust, and specific impulse.

j- Q—velocity presetting.

k. S—displacement presetting.

i. T—cutoff equation constant.

m. N—cutoff equation constant.

85. (CM) Functions of the Missile Presettings

a. General. ;
(1) These presettings are placed in the missile or launcher prior
to firing. They provide the reference values for detecting

] O on

>



deviations of the missile from its precalculated standard
trajectory.

(¢) K—aiming azimuth.

() T—cutoff constant (set in by L).

(¢) N—cutoff constant (set in by M).

(d) E—elevation angle for range accelerometer (set in by P).

(¢) Q—velocity setting (set in by I).

(f) S—displacement setting (set in by J).

(2) The presettings serve as the intelligence for the missile
guidance and control systems. As the missile travels along
the trajectory, its position is determined relative to these
preset values. Variations in velocity and displacement are
determined by the range and lateral gyro accelerometers
along the respective measuring axes. The purpose of the
range and lateral components of the guidance system is to
guide the missile, so at the completion of terminal guidance
the trajectory passes through the target.

(3) The gyro accelerometer is constructed so that the output
presents a first integration value of acceleration with time.
This determines a value of velocity in meters per second.
This velocity is transmitted to a separate guidance com-
ponent which performs the second integration with time.
This determines a value of displacement.

(4) The values for velocity, displacement, two cutoff equation
constants, and the elevation angle E are determined so
that all integrator outputs aro zero or close to zero at the
start of terminal guidance. Terminal guidance is initiated
by a deceleration switch which measures the deceleration in
the direction of the longitudinal missile axis. At this time,
if integrator outputs are not zero, the remaining values are
cleared out and sent to the rudder servo system.

b. Ezplanation of Laying Azimuth K.

(1) Prior to the determination of the values of velocity, displace-
ment, two cutoff equation constants, and the elevation
angle E, it is necessary to determine a value for the laying,
or aiming azimuth K. In discussing the laying azimuth, it
is necessary to consider the relationship between the target
and launcher as the earth rotates.

(2) The relationship of the launcher location and the target with
the effect of the earth’s rotation on these points is shown in
figure 17, This illustration indicates & northwest firing
direction showing the earth’s velocity vector Vv for the full
time of flight applied at the firing location (FP,). The
length of this vector represents the distance FP, will move
(referenced to space) during the time from launch until
impact. i.e., to FP}. If the azimuth (KT) from FP| to T|
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Figure 17. (CM) The effect of the carth's rotation.

(Target Location at time of Launch) were used as the aiming
azimuth the missile would impact at point D. However,
Ty traveling at a lower velocity has only moved to T, during
the elapsed time causing a miss distance equivalent to the
vector shown between T, and Point D. To determine the
proper aiming azimuth, the velocity vector V is applied
opposite the earth’s rotation at the predicted target (Ts)
and u correction is applied to Ky producing aiming nzimuth
(K). Rotational effects and latitude differences also influ-
ence range computations. These factors are reflected in the
cutoff equation and in the range computations.

(3) One situation where the rotation of the earth does not affect

the trajectory is the case where the missile is fired at a
terrestrial target from the North Pole. Since the Pole has



no velocity due to the rotation of the earth, the trajectory
will be the same as one being fired from a nonrotating earth.
The target, on the other hand, has a velocity relative to
space, so that the missile which is fired to strike a target T3
actually hits a target T4, since the earth has rotated the
target position through an angle (angular velocity X time)
during the time of flight. The solution then is to assume
the target to be T4 and aim at target T3.

(4) Under actual conditions, time of flight variations up to 10
seconds, due to winds, thrust, ete., can be expected. The
error in hitting a target is equal to the velocity of the target
multiplied by the change in time of flight. For example, a
missile fired from the North Pole (o a target on the Equator
(velocity 460 meters per second (m/s)) would produce a
maximum error of 4,600 meters (10 sec X 460 m/s=4,600
melers).

c. Ezplanation of the Elevation Angle (E). The Redstone guidance
system is a two-component guidance system. One measuring direction
is the range direction coordinate, and the other measuring direction
is the lateral direction coordinate. Errors are expressed as a function
of flight time variation. The explanation of these errors and the
manner in which they are compensated for are explained as follows
(fig. 16):

(1) There are two types of forces that act upon a missile from
launcher to target:

(a) Imertial forces which are measurable.
() Gravitational anomalies.

(2) The total distance the missile travels from the launcher
location to impact, as measured along the Tange axis, is
shown in figure 16 as the distance from O to B. The dis-
tance the missile travels, due to inertinl forces, is represented
by the distance OA. The distance AB is due to the effect
of the gravitational field. The distance OB may be kept
constant by the guidance system since it can be precalculated.
The distance BA varies with the individual firings. A pos-
sible distance is represented by A’B with corresponding
impact error at T’. The problem of accounting for these
unmeasured accelerations is solved by precalculating these
accelerations for standard conditions of a given trajectory
and applying them to determine proper impact data.

(3) Since gravity accelerations depend on the actual position
occupied by the missile in the trajectory, nomstandard
conditions will not allow these gravity accelerations to co-
incide with precalculated accelerations. The nonstandard
conditions result in changes in the actual time of flight of
the missile which, in turn, changes the actual time of flight
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. as compared to the precalculated value. There is a close

- correlation between this change in time of flight and change

. in the gravity accelerations. This correlation of errors is

= - used as a basis to derive correction terms to compensate for
errors in range which would otherwise result from non-
standard conditions.

(4) The errors encountered in time of flight variations are divided
into first- and second-order errors. The first-order errors
are overcome by the proper selection of the elevation angle
E, velocity, and displacement preset values. The correction
for second-order errors is disregarded because of the small
effect of these errors. Tho elevation angle E is such that the
range measuring component of the drag effect is as small as
possible during terminal guidance.

d. Explanation of the Presettings Velocity (Q) and Displacement (S).
Q and S represent the velocity and displacement values the missile
should experience, along its trajectory on the range axis, from launch
until terminal guidance is initiated at reentry. They are calculated
so that the velocity at cutoff, when integrated with respect to time
over the period from cutoff to reentry, tends to cancel displacement,
resulting in & near zero output from the range computer. The char-
acteristics of the guidance hardware are such that velocity is preset
with a negative value and displacement is preset with a positive value.

e. Ezxplanation of Presettings T and N (Two Constants in the Cutoff
Equation Preset Through L and M).

(1) Before firing, both the anticipated points of terminal guidance
and cutoffl are only approximations, since they are deter-
mined by the peculiarities of the particular trajectory. The
exact point of cutoff is determined through solution of a
cutoff equation in the cutoff computer. The cutofl com-
puter is located in the range computer and is physically
geared to operate from the same signal sources.

(2) The cutoff equation is as follows:

48, 4Q+N=0

where AS=displacement value remaining in the cutoff
computers;

AQ=velocity value remaining in the cutoff computer;

T'=cutoff equation constant representing the time of

flight from standard cutoff to starting time of

standard terminal guidance (preset using L).

=cutoff equation constant representing correction

values for thrust, decay, separation, and drag.

These values are determined from standard

cutoff to starting time of standard terminal
guidance (preset using M).



(3) The preset values T and N are obtained by starting with
zero values at reentry and integrating the forces involved
with time back to the launcher location.

(@) T is obtained by determining the time between standard
cutoff and starting time of standard terminal guidance.
This time constant is sufficiently accurate to be set into
the cutoff computer.

() N is obtained by determining the values for the following:

I. Decrease in volocity to compensate for thrust decay since
cutoffl is not instantaneous but requires a period of
spproximately 0.38 second.

2. Increase in velocity to compensate for losses due to drag
from cutoff to reentry.

3. Velocity value in the range-measuring direction due to
forces involved in separating the body unit from the
thrust unit.

(4) When standard conditions do not prevail, the cutoff equation
attempts to make the value of the displacement integrator
plus the displacement presctting equal to zero at terminal
guidance. Any displacement value present at reentry is
canceled by the manecuver during terminal guidance.

Section lll. GROUP FIRE DIRECTION
86. (U) General

@. The fire direction center is that element of the command post by
which the commander exercises fire direction control. It consists of
gunnery and communication personnel who nssist the commander in
the control and coordination of fires. The fire direction center per-
sonnel convert fire missions from higher headquarters into appropriate
fire commands for the firing batteries. The fire direction center
personnel control the execution of fire missions.

b. Accuracy, flexibility, and speed in executing fire missions depend
e

(1) Accurate and rapid preparation of firing data.

(2) Transmission of fire commands directly to the firing batteries
as soon as determined.

(3) The efficient assignment and division of duties among fire
direction personnel.

(4) The adherence to & standard technique.

(5) The efficient use of mechanical devices, such as the calcu-
lating machine.

(6) Fire direction personnel functioning as a team and operating
in a definite sequence.
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87. (U) Pesonnel

«. Personnel in the fire direction center include the §3, two assistant
S3', chiel fire direction computer, assistant chiel fire direction
computer, five fire direction computers, and such other members
of the operations and intelligence platoon a¢ may be required. The
S3 is the gunnery officer of the group. Other officers of the group
staff should be trained to relieve the S3 when necessary.

b. General duties of personnel in the fire direction center are as
follows:

(1) The S3 plans, coordinates, and supervises the activities of
the fire direction center and is responsible for training the
personnel.  On receipt of a fire mission, he alerts the firing
batteries. The assistant S3’s are the chiel assistants,
relief, and replacements for the S3.

(2) The assistant S3 in charge of the fire direction center super-
vises and trains the fire direction computers and actively
supervises the computation of fire mission data and its
transmission to the firing battery,

(3) The fire direction center personnel prepares and maintains
a fire capabilities chart.

(4) The chief fire direction computer supervises, checks, and
reconciles the computations of the fire direction computers
and supervises transmission of data to the firing batteries.

(5) Computers determine and read firing data based on informa-
tion contained in the fire mission and basic data.

88. (U) Fire Capabilities Chart

The fire capabilities chart is a 1:250,000 or smaller scale map
containing information similar to that on the fire capabilities chart
and situation map in other field artillery units. The chart is designed
to show the S3, at a glance, information necessary for fire orders and
safety. This chart shows locations of targets, zones of fire, bomb lines,
and no-fire lines, as well as the tactical situntions of both enemy and
friendly forces. Standard artillery symbols and colors are used.

89. (U) Basic Data

a. Basic data for computations are received at the fire direction
center from various sources. Computers record these data on the
fire direction center basic data record (fig. 18) and the fire command
sheet (fig. 19).

b. Survey personnel report survey data to the fire direction center
as data become available. The survey data consist of the universal
transverse mercator (UTM) grid zone on which the survey is based,
the grid coordinates and/or geographic coordinates and the height
(altitude) of each firing position, and the grid azimuth of orienting
line.
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90. (U) Status and Readiness Charts

At the completion of each major step of operation required in
preparing a missile to be fired, the firing battery commander will
render a report to fire direction center. This data will be recorded
on an appropriste chart (fig. 20). The chart enables the S3 to
determine the status of each firing battery in relation to each assigned
mission. A prearranged code can be used in transmitting this data,
but the code must be changed frequently enough to preclude compro-
mise

91. .(U) Fire Mission

A separato firo mission for each missile to be fired is received from
the army fire support coordination section. The fire mission should
contain the following elements: Warning, identification, concentra-
tion number, date and time to fire (or time on target), type of warhead,
height of burst, target location, altitude of target, and nature of
target. Items in a through i below pertain to elements of the fire
mission.

a. Warning—The army FSCS should send & warning order of an
impending fire mission to the group as early as possible prior to the
desired time to fire.

b. Identification—Designation of the higher artillery headquarters
ordering the fire mission.

¢. Concentration Number—Identification of mission by letter group
and number system.

d. Dale and Time to Fire—Qreenwich civil time, The army artillery
fire direction center must insure that the desired time to fire is within
the capabilities of the group, considering the state of readiness,

e. Type of Warhead—Depends on tactical situation.

J. Type of Bursi—Depends on tactical situation.

g. Target Location—Because of the range of the missile, the target
location must be a complete reference, including the universal trans-
verse mercator, grid zone designation, the 100,000 meter square iden-
tification, and the coordinates to the nearest meter. If the missile
firing data computer, Redstone, is to be used to determine firing data,
either UTM grid or geographic coordinates are acceptable.

h. Altitude of Target—Meters above mean sea level.

i. Nature of Target—This clement of the fire mission is not manda-
tory but is highly desirable. Informing personnel of the general na-
ture of the target of which they are firing is an important morale
factor.
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92. (U) Fire Control Procedures

A fire mission received from the army fire support coordination
ction is decoded, and personnel in the group fire direction center
perform the following operations in the sequence listed:

a. Computers enter all firing data directly obtainable from the fire
mission on the fire direction center basic duta record (fig. 18) and the
fire command sheet (fig. 19).

b. Simultaneously with action in ¢ sbove, the target location is
plotted on the fire capabilities chart,

c. The S3 determines which battery will fire by using the informa-
tion contained on the status and readiness chart in conjunction with
the group commander’s policy. The S3 immediately alerts the firing
battery(ies).

d. Computers determine firing data.

e. The S3 transmits firing data to the firing battery by messenger
or other communication channels. At times, it may be necessary to
encode certain fire commands by using a prearranged message code.
All personnel should be trained so that the use of such a code does
not delay the execution of a fire mission.

(1) If the missile programing data computer is used for deter-
mining firing data, all firing data is transmitted at once to
the firing battery.

(2) If the firing data are computed by the longhand method,
initial data may be transmitted to the firing battery in

fragmentary form.



Section IV. DETERMINATION OF FIRING DATA

93. (CM) General

Firing data may be computed by using the missile programing data
computer or by computers using the longhand computation method.
The longhand method requires approximately 2 to 3 hours. Since
the missile programing data computer requires approximately 10
minutes overall warmup, testing, and computation time, this method
will be used whenever possible. During cold weather, warmup time
might become considerable, causing an incresse in the 10 minute
overall time. To overcome this the computer van could be stored
in o heated shelter or n source of heat improvised in the van itself.
Fire direction personnel must, however, be proficient in the use of the
longhand method to provide for*situations in which the missile pro-
graming data computer is inoperable or not available.

94. (U) Computation of Firing Data Using Missile Programing
Data Computer

The missile programing data computer is n compact, transistorized,
general purpose, digital computer, which has been programed to solve
the Redstone gunnery problem. The following procedure is used:

a. The operator presses the “On” button and waits until the
“Ready’” light glows (approximately 40 seconds).

b. The operator presses the “Test” button, and the computer pro-
ceeds to solve a test problem, the parameters of which have been
included in the program. If the computer is operating correctly, the
typewriter will print the test problem solution with an extra line below
the last output item. If this extra line contains no digits other than
zero, the computer is operating satisfactorily.

¢. The operator presses the “Setup” button. This operation con-
ditions the computer to accept the parameters for the particular
problem to be solved.

d. Using the keybonrd on the control panel, the operator enters
the parameters of the particular problem to be solved in accordance
with the formats shown in figure 21. The first parameter is either
a +.1 or a —.1 which indicates to the computer whether the locations
of target and firing position are in UTM (+.1) or geographic (—.1)
coordinates. The formats shown in figure 21 are required to permit
the computer to accept all possible parameters. The computer is
being reprogramed to compute the recent change in the gunnery solu-
tion. This will require lift-off weight, calibrated thrust, engine specific
impulse, and alcohol temperature as an input. No data is presently
available on this change.

e. As each digit is entered from the keyboard, a corresponding
neon “nixie” tube will light in the display portion of the control
panel, indicating the digit which has been entered. As soon as all
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MISSILE FINING DATA COMPUTER (AEDITONK) « INPUT FORMATS
Lnde Gesgraphic Coardinaies Sy- Indicziar Input Tarmat
i : N -1 1
r i =1 N0 P O 81 T 1) O N S0 55, 40,000 2
SI00.45.00.000 3
3 Latitude : XXX, XX, XX, X . une .
19040.00.00. 000 ¢
3 Langiruae : 0L XX xx X 270, 15.00.090 5
. T O b
o Alursde : X XxXx.x -
T ~ N G E T
. Latstade s XY XX, XX X
] Longiiude s XXX XX xx x
y Altitwde . X Xxx. x
UTM Grid Covrdinatan
| 1
¥ 1 r 1 NG P O s ! T!I Oownw
A Eanting . X XXX XXX X
» Nerthing : XX 00K XX, x .l 7]
*  JRY, 00 09
. Altitude s X Xxx.x ¢ 444aT8). 00 8
. 1250 &
12 eme . xx.x . “we 1
v Moo n
T A ] G 4 T . AAMTIL00 W0
e
"n Easting . X XXX XXX X . “o
oL W
e Merthlag . X XXX xxx. %
7 Altirede 5 X xXxx x
n Tone . A x
" Spheredd . ox
Splarnid Insicatare
Iate raatiomal 0.1
Clark 1004 0.2
Everest 0.2
Clarke 100 0.4
Betenl +0. 3

Figure 21. (CM) Exzample of inpul formal, missile firing dala compuler, Redatone.

digits in the parameter have been entered at the keyboard, the oper-
ator can check the nixie display to determine if the proper value has
been entered. If the operator has made an error, it can be corrected
by pressing the “Clear” key and reentering the parameter. When
the parameter is displayed correctly, the operator presses the ‘‘Par-
ameter” button. In a few seconds, the computer stores the param-
eter, provides another nixie display to show what has been stored,
and causes the typewriter to print a record of the parameter. After
checking the nixie display for correctness, the operator depresses
the “Clear” key, and the computer is ready to accept the next pa-
rameter. - If an error is discovered after the computer has stored the
parameter, the operator must press the “Setup’ button and start
the problem again.

f. After all the parameters have been stored in the computer,
the operator presses the ‘‘Parameter” button once more, and the
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computer starts computation of the problem. If UTM grid co-
ordinates have been used, the computer will display and print the
geographic coordinates of the firing position and the target and then
halt (fig. 22). These geographic coordinates are a by-product of the
UTM coordinate solution. To proceed with the computation of the
remainder of the problem, the operator once aganin presses the
“Parameter’” button.

ALSUILE FINING DATA COMPUTES (ACDSTONT) - INTERMEDIATE UTM CUTFUT
Cete lasarmediate Outpuat
1 Firsng Positien Latitude 7 1089 S 4T M0 2
3 Firing Pusition Loogitude S ALY, T )
. Target Latirste SN
s Target Langitude s X

Figure 22. (CM) Example of inlermediate UTM outpul, missile firing data
compuler, Redsione.

g. When the computer has completed the problem, it will display
and print the 19 items shown in figure 23. (A proposed change in
the computer program will provide the value of “C", the convergence
at the firing position, as an additional output. This is entered on
the basic data record (fig. 18) and used to convert the grid azimuth
of the orienting line to a geodetic azimuth, see paragraph 101¢(2).)
Each of these items is identified by a code number corresponding to
the numbers on the fire command sheet (fig. 19).

A. After computation of a particular problem, the operator again
presses the “Test” button to determine if the computer is still in
operating condition. If the last line of the test problem solution
contains no digits other than zero, it is assumed that the computer
operated satisfactorily throughout the computation of the actual
problem.

i. The key marked ‘“Enter” is never used during the solution of a
Redstone problem. If it is depressed inadvertently, the operator
should press the ‘Setup” button and sgain enter parameters.

95. (U) Determinafion of Firing Data Using the Longhand
Solution—General.

a. Computers obtain clements of firing datn from the firing mission,
firing tables, and basic data. Two computer teams check their
computations with each other st logical points. The chiel fire
direction computer checks and resolves differences in computations
to eliminate errors as quickly as possible.

b. All personnel in the fire direction center must know the arrange-
ment of the firing tables and how to use them. An explanation of the
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MISSILE FIRING DATA COMPUTER (REDSTONE) - OUTPUT FORMATS
Code Pnuuln! Onlgul Format

15 Tape Number ‘ 13 15
«DB4.51.24.742 16

16 K . 700.% 17
* 575.0 18

17 L . 474, 19
- 933 0

18 M . 750. 2t |

| . .2 22
T < . LI TIL 23

. LIB. 688 24

20 Y ‘ 118,737 2%
. D.4162 2%

21 z ' 0.5874 27
. D.2450 28

22 E ' 364 184 29
. 234.264 10

b4 ) F - 2208,.583 3l
. 168426, 2

24 Fs+.01 . 58.0 »

25 F-.0ol

2% M

27 H+.01

28 H-.01

=2 |

30 J

¥ Q

2 s

» P

Figure 23. (CM) Ezample of output format, misaile firing data compuler, Redstone.

use of the firing tables, together with sample problems, is contained
in the introduction to the firing tables. Fire direction personnel
must also know how to use the calculating machine.

96. (U) Composition of Firing Data

Firing data is composed of—

a. Basic data.

b. Preliminary presettings.

c. Conversion of presettings to missile settings and calibration
factors.

97. (U) Equipment

The following equipment is needed to compute firing data:

a. Trigonometrie functions, seven-place (argument in decimals or
degrees).

b. TM 5-241-2 (universal transverse mercator grid; zone to zone
transformation tables).
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¢. Tables for transformation of coordinates from grid to geographic
for the appropriate spheroid (TM 5-241-3/2, International; TM 5-
241-4/2, Clark 1866; TM 5-241-5/2, Bessel; TM 5-241-6/2, Clark
1880; TM 5-241-7/2, Everest).

Note. The publications in ¢ above are the new designations for the volumes
IT of Army Map Service Technical Manuals (AMSTM) 8. 7, 8, 9, and 11, respec-
tively.

d. Tables for radii vector for the appropriate spheroid, see firing
tables.

e. A calculating machine of at least 10 column eapacity.

98. (CM) Symbols and Abbreviations

The following symbols and abbreviations are use in computations:

a. A—Integrator presetting correction parameter. Used in cor-
recting integrator presetting Q. Action necessary because of the
rounding off of E, to E.

b. B—Integrator presctting correction parameter. Used in cor-
recting integrator presetting S. Action necessary because of the
round off of E, to E.

¢. d—Indicates difference when used as a prefix.

d. E—Angle of elevation of the range-measuring sccelerometer
rounded to the nearest 0.1°.

e. E,—Value of E corresponding to cutoff signal time t.

1. Ex—Easting of the launcher.

9. Ex—Easting of the target.

A. F—Time in seconds required for range accelerometer to achiove
a velocity output of 720 meters per second.

i. FS—Calibrated thrust in pounds from Thrust Unit log book.

J- hy—Altitude of launcher location.

k. hy—Altitude of target.

I. H—Velocity output of the lateral accelerometer at the end of
100 seconds.

m. I—The time set on the velocity timer for presetting Q in the
range computer.

n. J—The time set on the displacement timer for presetting S in
the range computer.

0. K+—Geodetic azimuth of & line from launcher to target.

p. K—Aiming or firing azimuth. (Difference between Ky and K
is due to the rotation of the earth.)

q. L—Dial setting for cutoff equation constant T.

r. M—Dial setting for cutoff equation constant N.

8. N—One of two cutoff equation constants.

t. Ny—Northing of the launcher.

u. Ny—Northing of the target.

v. P—Calibration value for presetting E in the missile.

w. Q—Missile’s velocity presetting.
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z. Ry,—Effective range angle. Used in determining argument R,
for firing table entry and in computing the interpolation factor.

- Ry—An adjusted R,, used only for firing table entry in computing
the interpolation factor and times t, and t,.

2. R—Range angle determined by position of launcher and target.

aa. S—Missile displacement presetting.

ab. SI—Required specific impulse.

ac. SI0—Calibrated specific impulse from thrust unit log book.

ad. SIP—Change in specific impulse due to standard missile
conditions.

ae. T—One of two cutoff equations.

af. t—Standard cutoff signal time corresponding to effective range
angle R..

ag. TA—Alcohol temperature required.

ah. TB—Desired burning time.

ai, TC—Cutoff signal time.

aj. TT—Total computed flight time.

ak. TAO—Initial alcohol temperature.

al. TBM—Maximum burning time.

am. WL—Liftoff weight in pounds.

an. X—Alinement amplifier bias setting. Used to offset the effect
of the component of the earth’s rotation in the X axis.

@o. Y—Alinement amplifier bias setting. Used to offset the effect
of the component of the earth’s rotation in the Y axis.

ap. Z—Alinement amplifier bias setting. Used to offset the effect
of the component of the earth’s rotation in the Z axis,

ag. By—Geodetic Intitude of the launcher location.

ar. $r—Geodetic latitude of the target.

99. (CM) Determination of Basic Data

a. General.

(1) When the Inuncher and the target are not in the same universal
transverse mercator grid zones (TM 5-241), the universal
transverse mercator grid coordinates of one zone must be
transformed into corresponding coordinates of the other
zone before computing range angle, target azimuth, and
launcher latitude.

(2) Target and launcher locations for distance and azimuth
computations will normally be furnished the Redstone units
in terms of universal transverse mercator grid coordinates.
If locations are given in geographic coordinates only, the
universal transverse grid coordinates can be computed by
using volume I of the universal transverse mercator grid
tables for the proper spheroid. Conversely, if locations are
given in terms of universal transverse mercator grid coordi-
nates, they may be transformed by using volume IT of the
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universal transverse mercator grid tables for the proper
spheroid.

(3) For distance and azimuth computations, universal transverse
mercator grid coordinates must be based on the same uni-
versal transverse mereator zone. Zone to zone transforma-
tion of universal transverse mereator grid coordinates for
the target may be performed by using the formulas and tables
in TM 5-241-2.

b. Basic Data Obtained From Worksheets 1, 2, 3, and 4.

(1) The purposc of worksheet (WS) 1, which is applicable only
after the coordinates of both firing position and target have
heen transformed to the same UTM zone, is to determine
basic data which is used in subsequent computations. This
counsists of Lhe geodetie latitude of the launcher location, the
geodetic azimuth of the target, and the range angle. The
range angle is a central angle between the launcher location
and target, with its vertex at the center of the earth, and
represents an equivalent range. This angle (corrected for
launcher and target altitudes) is used in worksheet 4 to
determine two cutofl timo values which are used as argu-
ments for entering the firing tables for all other parameters.
Also, the range angle is used to determine a time interpolation
factor which is applied to all subsequent parameter caleula-
tions. The target azimuth and latitude of launcher are
used in worksheet 2.

(2) The purpose of worksheet 2 is to compute and assemble data
which is used in subsequent computations.

(8) The purpose of workshect 3 is to apply corrections to firing
table values when the target or launcher or botlh are at other
than sea level altitude. This is accomplished by calenlating
a value Ry, which is used as the argument for determining the
interpolation factor IF. This value R, is expressed as a
function of the range angle R. 1t is based upon the launcher
location, target location, the altitudes Hy and H+ of the
Inuncher and target respectively, the target azimuth K+,
and the latitude @, of the launcher.

(4) The computations on worksheet 4 have three functions:

(@) Determination of two values of t, t, and s, from among
those values of t tabulated in the R section of the firing
tables.

(b) Determination of two range angles R, and Ry, correspond-
ing to the two values of t, t, and t, respectively.

(¢) Determination of an interpolation factor (IF) using range
angles R, and R,. This interpolation factor is used in
subsequent computations.



c. Worksheet 1 (fig. 24).

(1) Delermination of basic data. The purpose of Worksheet 1,
which is applicable only after the coordinates of both firing
position and target have been transformed to the same UTM
zone, is to determine basic data which is used in subsequent
computations. This consists of the geodetic latitude of the
launcher location, the geodetic azimuth of the target, and

the range angle.
(@) Lines 1, 2, 5, 6

Line 3
Line 7

Known data consisting of northing10-*
and (easting —500,000) X 10~* of launcher
and

Determination of dN.

Determination of dE.

(6) Both of these values (lines 3 and 7) are used in determining
direction (grid bearing) (line 11) and grid distance (line 13).

Lines 4,8, 9

These values are used in subsequent
operstions.

Note. Trigonometric tables to be used will have tabulated dsta
for angles in degrees and decimal fractions of a degree instead of
degrees, minutes, and seconds.

(¢) Line 14

Lines 15, 16, 17

Line 18

The value @ is the geodetic latitude of

the foot of the perpendicular fram the
launcher to the central meridian of the

zone.

@.=0,—(VII) qi, where q=0.000001E,.
@, is obtained from the appropriate TM
5-241-( ) series using N, as the argument
for entering the tables of function (1) if
the launcher is in the Northern Hemi-
sphere. IT the launcher is in the Southern
Hemisphere, use (10,000,000—N,) ns the
argument. Inverse interpolation is
required.

Tables (VI1), (XV), and (XV1) of appro-
priate volume IT of TM 5-241-( ) series
using the argument #;.

Table (XVIII) is entered by using the
argument of aversge northing (line 4).
This table is located in the back of the
technical manuals listed in paragraph
97c.

(2) The range of the missile is determined by using the precise
angular relationship between two points on the sea-level
surface of the earth with the vertex at the center of the earth.
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The process of converting the UT'M coordinates to the range

angle is as follows:

(@) Determine the scale factor K by solving the equation
K=ko [1--(XVIITq?* where ko=.0096 is the scale factor
at the central meridian. These computations are per-
formed on lines 19, 20, and 21.  (Because of long distances,
the q* value in the above equation is replaced by an
average q? denoted by q7%)

q-,=qi+ Quqr-+q7 (lino 19)
3

(6) Determine the mean radius vector by using the Radius

Vector Table,
Line 23

Line 24

Line 25

Line 26

Represents a correction value in distance
necessitated by the curvature of latitude
for points not located at the central
meridian.

The average northing minus the Iatitude
curvature correction provides the argu-
ment for entering the Radius Vector
Tables.

The (line 13) grid range is corrected by
the scale factor K to obtain the sea level
distance.

The constant, degrees per radian. times
the sea level distance divided by the
mean radius vector equals the range
angle in degrees.

(3) The geodetic azimuth or K+ value is determined by using the

DE

following procedure: Case I: tan t=3rrr

(@) Step 1

(8) Step 2

(c) Step 3

(d) Line 11

DN
Case IT: cot t+D—g
(where t is the grid azimuth)
('T—1t) correction due to curvature of long
nzimuth lines.
(C) correction for angle between grid

north and true north.
Determines the bearing angle on %

This value, when vsed with chart at bot-
tom of the page (note 1), determines the
grid azimuth of the target (line 35).

(¢) (T—t) correction is applied by solving the equation
(T—1t)=L(Ny—N.) where T=projected geodetic azimuth
and [.=6.8755<10"% (XVIIl) (2E.+E;). These com-
putations are performed on lines 9, 31, 32, and 33.



(f) Convergence (C) is applied by solving the equation C=
(XV)q,—(XVI)q;. These computations are performed
on lines 27, 28, 29, and 30.

Note. In this equation, q; must be considered as positive only.

(9) Convergence (C) is converted to degrees, minutes, and
seconds, so that it may be applied to the grid azimuth of
the orienting line on the FDC basic data record.

(4) Lines 38, 39, 40 solve the equation §,=@; —(VII qai.)

d. Worksheet 2 (fig. 25).

(1) Section I is used to compute and tabulate the trigonometric
coefficients sin i, sin 2 @, cos §;, cos 2@, sin K, cos K4,
sin 2 K+, cos 2 Ky, and certain of their products as listed on
the worksheet. It is also used to determine the force of
gravity at the launcher (lines 22, 25 through 29) and certain
trigonometric values which are used in the target azimuth
oquation (lines 19 through 21, 30 through 32). The value of
cach hr on line 4 must include the altitude of the target plus
the height of burst of the warhead above the target.

(2) Section 1I is used to determine the proper sign of the sine and
cosine of the angles used in section I. The symbol « (alphs)
represents the angle used to enter the trigonometric tables.
For example, if the angle is 200°, alpha would equal 20°,
and the sine of 200° would be the minus value of the sine of
20°, and the cosine of 200° would be the minus value of the
cosine of 20°.

(3) Section III is used to tabulate values determined and used in
subsequent operations.

e. Worksheet 3 (fig. 26).

(1) Computetions on worksheet 3 are performed as follows:

(a) Step 1—From worksheets 1 and 2, record on lines 1
through 5 the indicated values. Perform the computation
indicated on lines 6 through 8.

(6) Step 2—Enter the firing tables and locate the appropriate
Ry section. Record all values of R,(1) to R,(12) on
worksheet 3 in the appropriate blocks, 9 through 20.

(¢) Step 3—Perform the indicated computation, lines 21
through 32 to determine values for R, and R,.

(2) The parameter R, is an adjusted R, whose only function is
as an argument for entry into the R section of the firing tables
to determine the time interval within which the required
range angle R must lie. Once R, has served this function,
it i3 never used again.

7. Worksheet 4 (fiz. 27). Computations on worksheet 4 are per-
formed as follows:

(1) Step 1—Using the value R, (from worksheet 3) ns the argu-
ment, enter the R section of the firing tables.
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Figure 26. (CM) Erample of worksheet 3.

(2) Step 2—Compare the R, value with those values in the R(1)
column of the R section of the firing tables.

(3) Step 3—Select the R(1) value closest to the R, value. Extract
the corresponding value of t and record this value in the t
block of column (1).

(4) Step 4—Extract tabulated data for R(1), R(2), R(3), R(4),
R(5), and R(6) opposite the t value determined in step 3.
Record in column (1).

(5) Step 5—Extract approprinte values from worksheet 2 and
record in column (2).

(6) Step 6—Cumulatively multiply column (1) by column (2)
and record the cumulative total in column (4).

(7) This value is compared to the R, value. If the total in
column (4) is smaller than the R, value, this column becomes
R, and t becomes t,. If larger, it becomes R, and t becomes

s

N
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Figure 27. (CM) Example of worksheet 4.
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100. (CM) Determination of Presetting Data

a. General. Worksheets 5 through 15 are used for the determina-
tion of presetting data. The same basic pattern established in work-
sheet 4 is used for these 11 worksheets. Differences from the besic
pattern are discussed in detail.

b. Worksheet 5 (fig. 28). Worksheet 5 is used to solve the formula
K=K;+K(1) Sin #,+K(2) Sin 2f;, Sin K;++EK(3) Cos #. Cos K.
+K(4) Sin 2K.+K(5) Cos 28, Sin 2K.+[[(K(6) Sin §.+K(7)
Cos ﬂg, Cos K-r]llg,“*‘[(K(B) Cos 0, Cos l{-r]hg_h-rx 10-'+[K(9) Sin
#,+K(10) Cos #;, Cos Ky]hy]X10"%. The value of K is the aiming
or firing azimuth that will ba transmitted to the launcher. The
difference between Ky, the target azimuth, and K, the firing azimuth,
is the correction for rotation of the earth.

(1) Step 1—Transfer the value of K; from WS 1 and record

it in the appropriate blocks under columns a and b.

(2) Step 2—Enter the firing tables, using arguments t, and
ty previously determined on worksheet 4, in the K section
and extract tabulated data for K(1), K(2), K(3), K(4),
K(5), K(6), K(7), K(8), K(9), and K(10).

(3) Step 3—Record firing table data in column (1).

(4) Step 4—Record data from worksheet 2 in appropriate blocks
of column (2). i

(5) Step 5—Cumulatively multiply the items in column (1) by
those in column (2) and record the total products in columns
a and b.

(6) Step 6—Apply interpolation factor and determine value for
K. Convert K to degrees, minutes, and seconds.

c. Worksheet 6 (fig. 29).

(1) The purpose of worksheet 6 is to facilitate the solution of
the formulas given below.

(a) Chart I.
1. X=500 (1—Cos i, Cos K).
2. Y=>500 (Sin @,+1).
3. Z=500 (Cos f, Sin K+1).
(5) Chart I1. E=E(1)+E(2) Cos §, Sin K.

(2) Chart I computations determine the alinement amplifier
bias settings X, Y, and Z. "These settings are necessary
to offset the effects of the earth’s rotation on the stable
platform in the X, Y, and Z axes.

(3) Chart II is a procedure to determine the range acceler-
ometer elevation angle above the local horizon. The set-
ting or E value is rounded off to the nearest 0.1°. This is
necessary because of setting limitations in the guidance
equipment. The difference (E—E,) is applied as & cor-
rection to the parameters for velocity (Q) and displacement
(S).
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Figure 28. (CM) Erample of workaheet 5.



(4) Step 1—Complete Chart I.
(¢) Line 1. Determine Sin value of azimuth K (from work-

sheet 5).

(8) Line 2. Determine Cos value of azimuth K (from work-
sheet 5).

(¢) Lines 3 and 4. Record trigonometric coefficients from
worksheet 2.

(d) Lines 5 through 9. Complete the indicated computations.

(5) Step 2—Complete Chart IT.

(a) Enter firing tables in E section (arguments t, and t,)
and extract data for E(1) and E(2). Values for E(1)
and E(2) are recorded in column (1).

() Extract data from Chart I (above), line 8 and record
in column (2).

(¢) Cumulatively multiply column (1) by column (2) and de-
termine total for columns (a) and (b). Complete indi-
cated computations.

(d) Apply interpolation factor. Determine value for E,.

{(¢) Round off E to nearest 0.1°; this value is used on work-
sheet 14,

(f) Determine the difference (E—E,) and apply to work-
sheets 11 and 12.

(7) Determine the calibration setting P for presestting E in
the missile.

d. Worksheet 7 (fig. 30).

(1) Worksheet 7 facilitates the solution of the formulas:

(@) A=A(1)+A(2) Cos 8, Sin K.

(5) B=B(1)+B(2) Cos f, Sin K.

(2) The value A is a correction applied to the presetting Q
(velocity). The value B is a correction applied to the pre-
setting S (displacement). These corrections are necessary
because of the rounding of E to the nearest 0.1°.

(3) The procedure outlined below is used for both A and B.

(a) Step 1—Using the argument t,, enter the A and B sections

, of the firing tables and extract data for A(1), A(2), B(1),
and B(2). The a values of A(1), A(2), B(1), and B(2)
are recorded in column (1).

(b) Step 2—Extract from worksheet 2, the appropriate data
and record in column (2).

(¢) Step 3—Cumulatively multiply column (1) by column
(2) and record the total product in appropnnle blocks in
column (3).

(d) Step 5—Round off to two decimal places arid transfer
the A value to worksheet 11 and the B value to worksheet
12,
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Figure 29. (CM) Example of worksheel 8.
e. Worksheet 8 (fig. 31).

=TT(1)+TT(2) Cos 26, +TT(3) Cos §. Sin K.
_TT+C(1) h+0(2) hr

TT=TFCE) b +C@) br

TC:(‘.— k;m-i-k_lrﬁ

(1) This worksheet facilitates the solution of the formulas T

The value TT is the total time of flight of the missile from

firing to impact.

The standard launch time for a missile
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Figure 80. (CM) Erample of workaheet 7.

fired from & zero firing altitude to:zero impact altitude is

computed, then corrected, for firing position, and impact

altitude effects. The value TT is used in worksheet 10 for
computing displacement presetting variations. The value

TC is the cutoff signal time. This value is used in computing

the minimum required alcohol temperature.

(2) The following procedure is used for worksheet 8:
(a) Step 1—Complete chart I.

1. Using t, and ty as arguments, enter the firing tables in the
TTseetion. Extractdata for T'T(1), T'T(2), and TT(3).
Record those values in column 1.

2. From worksheet 2, extract the appropriate values and
record in column (2).

SAI441 O - 40 - 7 97




3. Cumulatively multiply column (1) by column (2) and
record the total product in the appropriate a and b
column. Complete the indicated computations.

4. Apply interpolation factor. Complete computations to
determine TT.

(6) Step 2—Complete chart II.

1. Enter TT from chart I in line (1).

2. From worksheet 2, extract the appropriate values and
record.

3. Enter the firing tables in the C section and extract data
for C(1), C(2), C(3), and C(4). Record those values in
lines (4) through (7).

4. Perform the indicated computations in lines (8) through
(14) to determine total time of flight (T'T).

(¢) Step 3—Complete chart II1.

1. From worksheet 4, extract the appropriate values and
record in lines (1) through (3).

2. Perform the indicated computations in line (4),

3. Enter the value TO for the appropriate range in line (5).

4. Perform the indicated computations to obtain the cutoff
signal time (TC).

J. Worksheet 9 (fig. 32).

(1) This worksheet facilitates the computation of the required
minimum alcohol temperature to which the alcohol must be
heated in order to obtain the required burning time.

(2) The following procedure is used for worksheet 9:

(@) Step 1—From the FDC basic data record, extract the
appropriate values and record in chart I lines 1 through 5.
For computation of planned missions when alcohol tem-
perature is not available, a standard alcohol temperature
of 40° F. will be used.

(6) Step 2—Complete the indicated computations for lines 6
through 17.

(¢) Step 3—If the value of line 17 is greater than the value in
line 11, complete chart II. If lino 17 is equal to or less
than line 11, complete chart I11.

9. Worksheet 10 (fig. 33).

(1) Chart I of this worksheet facilitates the solution of the
equation dQl=—[W(1)4+W(2)R+W(3)hy] dWL+[F(1)+
F(2)R+F(3)hy) dFS—[SI(1)+SI(2)R+SI(3)hy] dSI. This
value is the first velocity presetting change (dQ1) which will
be applied to the value Q to compensate for variations in
standard missile lift-off weight, thrust, and specific impulse.

(2) The following procedure is used for chart I:

(a) Step 1—Extract from worksheet 9 the appropriate data
and enter in lines 1 through 4.
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(6) Step 2—Complete the indicated computations for line 4.

(e) Step 3—Extract from worksheet 1 the value R and enter

~in line 6. ‘

(d) Step 4—Enter the firing tables in the W section and extract
data for W(1), W(2), and W(3). Record in the appro-
priate blocks lines 7 through 9.

(e) Step 5—Enter the firing tables in the F section and extract
data for F(1); F(2), and F(3). Record in the appropriate
blocks lines 10 through 12,

(f) Step 6—Enter the firing tables in the SI section and extract
data for SI(1), SI(2), and SI(3). Record in the nppro-
priate blocks lines 13 through 15.

(g) Step 7—Complete the indicated computations for lines 18
through 28 to obtain the first velocity presetting change
(dQ1).

(3) Chart II of this worksheet facilitates the solution of the
equation dQ2=ST(1)3-ST(2)h,+[ST(3)+-ST@)h] R. This
velue is the second velocity presetting change (dQ2) which
will be applied to the value Q to compensate for variations
in standard missile lift-off weight, thrust, and specific
impulse.

(4) The following procedure is used for chart IT:

(@) Step 1—Extract from chart I the values R and hy and
enter in the appropriate block lines 1 and 2.

(b) Step 2—Enter the firing tables in the ST section and ex-
tract data for ST(1), ST(2), ST(3), and ST(4). Record
in the appropriate blocks lines 3 through 6.

(¢) Step 3—Complete the indicated computations for lines 7

=~ through 11 to obtain the second velocity presetting change
(dQ2). :
| (5) Chart VI of this worksheet facilitates the solution of the
: equation dS=—(dQ14dQ2) TT—0.008544 dWL-+R
| [—0.026045 dWL —1.9838 dSI+0.016651 dFS); The solu-
tion of this equation will provide dQ the total velocity pre-
setting change and dS the total displacement presetting
changes due to variations in standard missile lift-off weight,
thrust, and specific impulse.
(6) The following procedure is used for chart ITI.
(@) Step 1—Extract from chart I the values dWL, dFS, dSI,
and R, and enter in the appropriate blocks lines 1 through
4.
’ (b) Step 2—Extract from worksheet 8 the value TT and enter
in line 5.
(¢) Step 3—Compute the indicated eomputations for lines 6
’ through 15 to obtain dQ. Enter dQ in the box at the end
of chart III.
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(d) Step 4—Compute the indicated computations for lines 18
and 17 to obtain dS. Enter dS in the box at the end of
chart III.

(¢) Step 5—Enter the value dQ into worksheet 11. Enter the
value dS into worksheet 12,

Worksheet 11 (fig. 34).

(1) Worksheet 11 facilitates the solution of the formula
Q=Q(1)+Q(2) Cos 8 Sin K;+Q(3) Cos 26, +Q(4) Cos
2K+4Q(5) Cos 28, Cos 2K +Q(6) Sin 2f; Cos K;+Chy
+dQ. (For 1,257, C,=0.0134. For t, <57, C,=0.0126.)
The value Q is the missile velocity presetting. Three
corrections have been applied—one to compensate for
altitudes other than sen level, one to compensate for the
rounding of E to the nearest 0.1°, and one to compensate
for variations in standard missile lift-off weight, thrust,
and specific impulse. The value Q is used in workshect
14 to compute & time in seconds.

(2) The following procedure is used for worksheet 11:

(@) Step 1—Using t, and 1, as arguments, enter the firing
tables in the Q section. Extract data for Q(1), Q(2),
Q@), Q4), Q(5), and Q(6). Record wvalues for Q(1),
Q(2), Q(3), Q(#), Q(5), and Q(6) in the appropriate
blocks under column (1).

(b) Step 2—From worksheet 2, extract the appropriate values
and record in column (2).

(¢) Step 3—Cumnlatively multiply column (1) by column (2)
and record the total product in the appropriate a and
b columns. Complete the indicated computations.

(d) Step 4—Apply the interpolation factor and determine a
value for Q.

(¢) Step 5—Apply the correction factor necessitated by the
rounding of E to the nearest 0.1°. Use values (E—E,)
from worksheet 6 and A from worksheet 7. Deotermine
& value for Q.

(f) Step 6—Enter dQ from worksheet 10 and add to @ to
obtain Q. This value is transferred to worksheet 14.

Worksheet 12 (fig. 35).

(1) This worksheet facilitates the solution of the formula
S=85(1)+5(2) Cos f. Sin K;+S(3) Cos 2p.+S(4) Cos
2K,+8(5) Cos 28, Cos 2K,+S(6) Sin 28, Cos K.-+C;h,
+dS. (For t,>57, Cs=—2.25. For t,<57, C;=—1.67.)

(2) The value S is the missile displacement presetting. Three
corrections have been applied; one to compensate for
altitudes other than sea level, one to compensate for the
rounding of I to the nearest 0.1° and one to compensate
for variations in standard missile weight, thrust, and specific
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impulse. The value S is used in worksheet 14 to compute
a time in seconds. This time is used to preset S in the missile.

(3) The following procedure is used for worksheet 12:

(a) Step 1—Using t, and t, as arguments, enter the firing
tables in the S section. Extract data for S(1), S(2),
8(3), 8(4), S(5), and S(6). Record values for S(1),
S(2), S(3), S(4), S(5), and S(6) in the appropriate boxes
under column (1).

(b) Step 2—From worksheet 2, extract the appropriate values
and record in column (2).

(¢) Step3—Cumulstively multiply column (1) by column (2) and
record total product in the appropriate a and b columns.
Complete the indicated computations.

(d) Step 4—Apply the interpolation factor and determine a
value for 5.

(e) Step 5—Apply the correction factor necessitated by the
rounding of E to the nearest 0.1°. Use the values
(E—E,) from worksheet 6 and B from worksheet 7.
Determine & value for S.

(/) Step 6—Enter dS from worksheet 10 and add to S to
obtain S. This value is transferred to worksheet 14.

7. Worksheet 13 (fig. 36).

(1) Chart I of this worksheet facilitates the solution of the
equation T=T(1)+T(2) Cos 8, Sin K.+T(3) Cos 28,
-+Cshy. (For t,257, C;=0.00285. For t,<57, Cy=0.00275).
This value is the first of two cutoff equation constants
which are preset into the missile. The value T must be
converted into another numerical value for dial setting.

Thls 35 doiie by syalying tha formuls L=[2.75—48,11;25:| 10°

to the value T. This value is called L. It represents T
as & dial setting to the value T. This value is called L.
It represents T as a dial setting in seconds.

(2) The following procedure is used for chart I:

(a) Step 1-—Using arguments t, and t,, enter the firing tables
in the T section and extract data for T'(1), T(2), and T'(3).
The values of T(1), T(2), and T(3) are recorded in the
appropriate blocks in column (1).

(b) Step 2—Extract from worksheet 2 the appropriate data
and record in column (2).

(¢) Step 3—Cumulatively multiply column (1) by column (2)
and record the total products in the appropriate blocks in
columns & and b.

(d) Step 4—Apply interpolation factor and determine value
for T.
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(e) Step 5—Apply calibration factor to determine L, the dial
setting. Round off to nearest whole number.

(3) Chart IT of this worksheet facilitates the solution of the
equation N=N(1)4+N(2) Cos #, Sin K;+N(3) Cos
2&+C‘bb. (For t?. 57, C.=0.0004000. For (-.<57, C‘=
0.000458) This value is the second of two cutoff equation
constants which are preset into the missile. The value N
in meters per second must be converted into a numerical
value for dial setting. This is accomplished by multiplying
N by 33.333. This product is called M and it represents N
as a dial setting.

(4) The following procedure is used for chart II:

(a) Step 1—Using arguments t, and t,, enter the firing tables
in the N section and extract data for N(1), N(2), and N (3).
The values of N(1), N(2), and N(3) are recorded in the
appropriate blocks in column (1).

(b) Step 2—Extract from worksheet 2 the appropriate data
and record in column (2).

(c) Step 3—Cumulatively multiply column (1) by column (2)
and record the total products in the appropriate blocks in
columns a and b.

(d) Step 5—Apply interpolation factor. Determine value for
N

(e) Step 6—Multiply N by 33.333 to determine M, the missile
dial setting. Round off to the nearest whole number.
k. Worksheet 14 (fig. 37).
(1) The purpose to worksheet 14 is to facilitate the solution of

720 - =Q = /_2‘;__
where F is the value for calibrating the range accelerometer,

I is the time required for presetting the velocity presetting
Q, and J is the time required for presetting the displacement
presetting 8. A,=g. Sin E and g is the value of gravity at
the launcher. A,=—0.00834 (Cos K Cos E Cos &, -+Sin 8,
Sin E). This is the magnitude of the apparent acceleration
in the range measuring direction due to the rotation of the
earth.

(2) The following procedure is used for worksheet 14:
(a) Step 1—From worksheets 2, 6, 11, and 12 extract the

appropriate’ values and record on worksheet 14, lines 1
through 6.

(b) Step 2—Complete the indicated computations for lines 7
through 29.

(¢) Step 3—Determine values for F; F40.01 sec; F—0.01 sec;
I;and J. Round off to three decimals.
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Figure 37. (CM) Exgmple of worksheet 14.

m o Warkaheot 14
F1,J
1w wsa |@ JUWJI: un | o 0n 0 mz‘j:_
| an ws 2 9. 8/537° 120} | (3 (14) 0 0352820
m | m Y | oot an | @mm L0699/ -
M | = @.’ T @n | @an L.orzsy 2
™ |o wsi | 22837 | |an| won Lokgse *
’m s ws it | sLee7y 2 (24) | - 0oam ["' o ""’ ‘0-”9‘7‘2
m | me.ot 3827 * sy | -.o0am [tim « e —ow¢7‘2
m [ a-.0 789 2 @6 | -o0m [2ore 0] | -zooung?
19) | sinte) 0, LI8 ¥ose 27| 21+ (24 b.oks1S =
(o) | s lo. LB SEEE 29 | @i+ @9) b.0be¥9 ~
(1 | staem berszr2? an | @neas ¢.0L380 2
(12) | Cee19) ]0 7”&“'.’. oa| 2. an g | 778 T/ 2
1) | Ceem [, 73:;”7! BNy e 2n '.;u See | /78 £ 8T 2
(10 | Coe b 72s9cvs G} 10 0% isec| 8. 737
us | mm 3-3;,,’/! (39) |-15)« a7) 1 | 34t 5752
us | oo aszs2es7 | | P9] 22w an Sy9er 2
un | man La,-,_fm} o8| /ToN ) | 234 pup2?
um | o o 202527
ety A~ e



l. Worksheet 15 (fig. 38).

(1) The purpose of worksheet 15 is to facilitate the solution of
the formula H=100 (L,+-L,), where H is the velocity out-
put of the lateral accelerometer at the end of 100 seconds
due to the rotation of the earth at the launcher location.
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Ly=g. Sin d
L,=0.00834 (Cos 8 Sin K Cos d—Sin @ Sind). Thisis
the magnitude of the apparent acceleration in the lateral
direction.
(2) The following procedure is used for worksheet 15:
(a) Step 1—Extract from worksheets 2 and 6 the appropriste
values and record on worksheet 13, lines 1 through 3.
(8) Step 2—Complete the indicated computation for lines 4
through 13.
(¢) Step 3—Determine values for H; H+0.01; and H—0.01,
lines 14 through 16. Round off to three decimals.

101. (CM) Azimuth of Orienting Line

a. The aiming azimuth (K) as determined in worksheet 5 (fig. 28)
is a geodetic azimuth adjusted for rotation of the earth. To orient
properly the lateral accelerometer, the azimuth of the orienting line
must be expressed in compatible terms. -

b. Geodetic azimuth is obtained from grid azimuth by applying
the convergence factor C to the grid azimuth. In many cases this
factor will be virtually the same for a point on the orienting line as
for the firing position. However, particularly at the higher latitudes,
there msy be a significant difference between these two values of C.
Therefore, FDC should always receive and record the grid azimuth
of the orienting line and apply to it the value of C determined for the
firing position. ;

¢. The computation for determining the geodetic azimuth of the
orienting line is performed on the FDC basic data record (fig. 18) in
the following manner:

(1) Survey personnel report the grid azimuth of the orienting
line. This value is entered on the FDC basic data record.

(2) After completion of worksheet 1 (fig. 24), the value of con-
vergence from line 34, worksheet 1, is entered on the FDC
basic data record. Note 4 on worksheet 1 provides for con-
verting this value to degrees, minutes, and seconds for re-
cording on the FDC basic data record. (A proposed change
for the missile programing data computer, Redstone, will
provide this value of C the convergence as an additional
output.)

(3) Using the proper sign, the value of C is applied to the grid
azimuth of the orienting line, converting it to n geodetic
azimuth (this is not actually n true geodetic azimuth, since
it includes the value of convergence for the firing position
rather than the orienting line). The geodetic azimuth of the
orienting line is then recorded on the fire command sheet

. 19).
el Go to Page 113
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