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CHAPTER 1

INTRODUCTION

Section 1.

1-1.

This manual explains the field artillery Honest
John gunnery problem and presents a practical
solution to that problem. It is a guide for Honest
John unit commanders and members of their
staffs on field artillery rocket gunnery.

Purpose

1-2. Scope

a. This manual encompasses all aspects of the
gunnery problem from the time that the rocket is
issued from the special ammunition supply point
(SASP) until it is fired. The material presented
herein is applicable to both nuclear and nonnu-
clear warfare and agrees with the following in-
ternational stardardization agreements:

TITLE NATO STANAG ABCA QSTAG
Standard Ballistic Meteorolog-
ical Message __.__...______. 4061 (3d EQ) 120

A Standard Artillery Com-
puter Meteorological Mes-
SAge o elo__. 4082

Section Il.

1-5. General

The study of ballistics pertaining to cannon is
usually divided into internal and external ballis-
tics. In order to provide a background for under-
standing the complete Honest John gunnery
problem, the discussion of ballistics pertaining to
rockets is based on a similar division. The effects
on that portion of the flight prior to burnout of
the rocket motor are referred to as propulsion
ballistics. The effects on that portion of the flight
after burnout are referred to as free-flight
ballistics.

1-6. Propulsion Ballistics

Atmospheric conditions have considerable effect
on a rocket during powered flight.

GENERAL

b. The scope includes—
(1) Fundamentals of rocket ballistics.

- (2) Fire direction, including both manual
and computer (FADAC) procedures.

(3) Miscellaneous gunnery information.

1-3. Changes or Corrections

Users of this manual are encouraged to submit
recommended changes or comments to improve
the manual. Comments should be keyed to the
specific page, paragraph, and line of the text in
which a change is recommended. Reasons should
be provided for each comment to insure under-
standing and complete evaluation. Comments
should be forwarded direct to the Commandant,
US Army Field Artillery School, ATTN:
ATSFA-PL-FM, Fort Sill, Oklahoma 73503.

1-4. References

See appendix A for a list of references.

BALLISTICS

a. Variations in Thrust. Variations in rocket
motor thrust result from variations in surface
air pressure (atmospheric pressure at the firing
position), propellant weight, and propellant tem-
perature. The ranges and heights of burst rela-
tive to the launcher corresponding to the listed
firing table elevations are based on the following
standard values at the time of firing:

Standard value

Ballistic factor MGR-1A . MGR-IB
Surface air pressure ... 1,013 millibars 1,013 millibars
Propellant weight ._____ 2,050 pounds
Propellant weight

correction ___________ ____ _____._.__. 0.0 pounds

Propellant temperature _ 77° F m° F

(1) Since changes in air pressure affect the
thrust delivered by a rocket motor, variations in
thrust at different altitudes are to be expected.
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Since the atmospheric pressure decreases with
increasing altitudes, the thrust will increase
when the rocket is propelled to a higher altitude.
Therefore, if the surface air pressure (atmos-
pheric pressure) at the firing position is below
the standard value of 1,013 millibars, the thrust
delivered by the rocket will increase, causing the
rocket to exceed the firing table range.

(2) The velocity of a rocket at burnout in-
creases with propellant weight. Thus, a propel-
lant weight greater than the standard value for
the rocket will create increased velocity, causing
the rocket to attain a range greater than the fir-
ing table range.

(3) Experience has shown that propellant
temperature materially affects performance. A
given solid propellant will operate at a higher
thrust (F) on a hot day than on a cool day. The
firing duration (t) will be shorter, but the total
impulse (I) will not be changed significantly.
Therefore, using the formula F =%, a propellant
temperature that exceeds the standard value will
cause a decrease in the firing duration (t) and an
increase in thrust (F), which will cause the
rocket to attain a range greater than that shown
in the firing tables.

Note: Operational firing temperature limits of the
MGR-1B rocket motors (M66 and M66A1) are —30° F
and +120° F. Above 100° F, the performance reliability of
the M66 and M66A1 rocket motors can be expected to
decrease. At 120° F, the reliability is 91 percent with an
assurance of 90 percent.

b. Low-Level Wind Variations. Propulsion bal-
listics include the effects of low-level winds on
the rocket during the powered flight. Low-level
winds have a considerable effect on both the range
and deflection. Because of the location of the fins
in relation to the center of gravity, the rocket
turns into the wind after leaving the launcher
and maintains this attitude throughout its flight.
During powered flight, the thrust of the rocket
will cause it to be propelled in the direction in
which the nose is pointed. Since the nose is
turned into the wind, the rocket will follow a
path into the wind and away from the azimuth
on which it was fired (fig 1-1). The magnitude
of this deviation into the wind depends on the
force of the wind against the surface of the
rocket. Therefore, corrections based on low-level
wind velocity and direction must be applied
away from the wind to compensate for the low-
level wind effects during powered flight.

¢. Drift. When an MGR-1B rocket is to be

1-2

fired, a correction to deflection must be applied
to compensate for the effects of drift. During
the propulsion stage, an approximately constant
drift to the left occurs regardless of other factors
that affect the rocket. Drift corrections are found
in the appropriate firing table.

Note: This drift to the left differs from, and should not

be confused with, the concept of drift applicable to cannon
artillery fires.

1-7. Free-Flight Ballistics

Free-flight ballistics is the study of the motion
of the rocket and the factors affecting that mo-
tion after burnout. The factors to be considered
are the effects of meteorological conditions, rota-
tion of the earth, and rocket empty weight.

a. Meteorological Effects. The trajectory of a
free-flight rocket is influenced by the velocity
and direction of the wind and by the tempera-
ture and density of the air through which it
passes. The ICAO (International Civil Aviation
Organization) standard atmosphere has been
used as a basis for determining the standard tra-
jectory for the firing table data.

(1) The ballistic met message is a coded
tabulation of meteorological information. It is
divided into an introduction, which primarily
contains identifying information, and a body,
which contains meteorological data. The body of
the message consists of a sequence of lines, num-
bered from 00 to 15, with each line consisting of
two 6-digit groups. Each line furnishes informa-
tion of the ballistic wind (azimuth and velocity),
ballistic air temperature, and ballistic air den-
sity. Ballistic wind direction is measured to the
nearest 100 mils, ballistic wind speed to the near-
est knot, ballistic air temperature to the nearest
0.1 percent of standard, and ballistic air density
to the nearest 0.1 percent of standard.

(2) The computer met message is similar to
the ballistic met message except that the body
of the message consists of a sequence of lines,
numbered from 00 to 26, with each line consisting
of two 8-digit groups. Each line furnishes infor-
mation of the unweighted (not ballistic) wind
azimuth and speed, air temperature, and air pres-
sure. Wind direction is measured to the nearest
10 mils, wind speed to the nearest knot, tempera-
ture to the nearest 0.1 degree Kelvin, and air
pressure to the nearest millibar. -

(3) The MGR-1A firing tables (FTR’s 762—
A-2, -B-2, -C-1, -D-1, -E~1, and -F-1) were
constructed for use with the US ordnance stand-
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Figure 1-1. Low-level and ballistic wind effects.

ard met message, which was used prior to the
-advent of the NATO ballistic met message.
Therefore, when these tables are used with a
ballistic met message, data from the message
must be converted as shown in (a) through (c¢)
below before meteorological corrections can be
determined. (Only one line of the met message is
used in manual computations and, therefore, only
one line must be converted.)

(a) Convert the ballistic wind speed from
knots to miles per hour.

(b) Convert the air temperature from per-
cent of standard at the MDP (meteorological
datum plane) to degrees Fahrenheit.

(¢) If the surface pressure is obtained
from the heading of the message, convert the sur-
face pressure from percent of standard at the
MDP to millibars and correct for the difference
in altitude between the MDP and the firing point.
(Normally, the surface pressure is measured with

a barometer at the firing point and the reading is
therefore already in millibars.)

(4) The MGR-1B firing tables were designed
for use with the ballistic met message; therefore,
the only conversion of data required is the con-
version of surface air pressure from millibars to
percent of standard when the surface air pres-
sure is measured with a barometer at the firing
site.

(5) Corrections for meteorological condi-
tions are based on deviations from ICAO stand-
ard atmosphere which exist at the time of firing,
as denoted on DA Form 3675 for the ballistic
met message for manual computations and on
DA Form 3677 for the computer met message for
FADAC computations. (For additional informa-
tion on met messages, see section 1 chapter 21,
FM 6-40.)

b. Rotation of Earth. Corrections to compen-

1-3
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sate for the rofation of the earth must be ap-
plied to azimuth, elevation, and time of flight.
A full explanation is given in chapter 2, FM
6-40.

¢. Rocket Empty Weight. The rocket empty
weight is defined as the in-flight weight of the
rocket at the point on the trajectory at which
propellant burnout occurs. The standard empty
weight of the rocket (motor assembly and war-
head section) is given in paragraph 4 of the in-
troduction to the applicable firing tables. If the
rocket empty weight is less (more) than stand-
ard, the rocket motor thrust will propel the
rocket to a greater (lesser) range than the firing
table range. Corrections for empty weight varia-
tions are applied to elevation and time of flight
in the appropriate direction.

d. Ballistic Wind Velocity and Direction. After
motor burnout, the rocket assumes a ballistic
trajectory similar to that of a cannon projectile.
The rocket will remain alined into the wind;
however, since no thrust is being applied, it will
move with the wind in the same manner as the
cannon projectile. Therefore, corrections based
on upper ballistic wind velocity and direction
must be applied to the firing azimuth in the op-
posite direction to the wind to compensate for the
upper ballistic wind effects during free flight.

1-8. Noncorrectable Variables

Noncorrectable variables are those which cannot
be accurately predicted or measured by use of
present procedures and techniques.

a. Launcher Alinement Limitations. The
launcher rail provides the only means of guid:
ance for the Honest John rocket. The using unit
can measure the horizontal and vertical devia-
tions of the launching beam to determine service-
ability ; however, the unit has no means of correct-
ing an alinement error if one exists.

b. Thrust Malalinement. Spin is imparted to

14

the rocket by the spin rockets to reduce the ef-
fects of thrust malalinement caused by manu-
facturing imperfections, uneven burning, and
other factors that cause variations in thrust. The
spin imparted to the rocket is maintained by a
canted fin assembly during the flight.

¢. Cracking or Flowing of Propellant. Storing
a rocket at temperatures above the maximum

. limit or below the minimum limit may cause the

propellant to crack or flow. Dropping the rocket
motor or subjecting it to any shock may cause
the propellant to crack. Either cracking or flow-
ing of the propellant will cause unpredictable
thrust variations. If the rocket motor is exposed

to ambient temperatures in excess of storage

limits stenciled on the motor or is damaged by
rough handling, return the motor to the support
unit for disposition.

d. Aerodynamic Malalinements. The rocket
must be handled in a manner that will insure re-
tention of proper aerodynamic characteristics.
The rocket motor and warhead section must not
be dented, scratched, or otherwise damaged.
Screwheads must be flush with the skin surface.
The rocket should not be painted unless it is abso-
lutely necessary for maintenance purposes. If
painting becomes necessary, return the motor to
the support unit for disposition since complete
painting of rocket motors is performed at depot.
Painting of rocket components by organizational
personnel is limited to spot painting. Damage
criteria and spot painting instructions are con-
tained in TM 9-1340-202-12.

e. Variations in Specific Impulse. Lot-to-lot
variations in the propellant grains and variations
in propellant temperature cause variations in the
specific impulse delivered by the rocket motor.
Lot-to-lot variations cannot be corrected for but
variations due to changes in propellant tempera-
ture can be minimized if the rocket motor is
properly temperature conditioned prior to firing.
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CHAPTER 2

FIRE DIRECTION, GENERAL

Section I. FIRE DIRECTION ORGANIZATION

2-1. General

The battalion fire direction center (FDC) con-
sists of the fire direction and communications
personnel necessary to insure efficient fire direc-
tion. These personnel are responsible for the com-
putation of the gunnery problem and transmis-
sion of fire commands to the firing battery (or
section) when the battery is operating under the

control of the battalion. If the firing battery (or

section) is operating independentlvy (decentral-
ized), the battalion FDC will monitor fire mis-
sions from the division or corps fire support ele-
ment (FSE) and will provide a computation
check.

2-2. Personnel

a. The battalion FDC is composed of the fol-
lowing personnel :

(1) S3.

(2) Assistant S3.

(3) Operations sergeant.

(4) Chief fire direction computer.
(5) Fire direction computers.

(6) Radiotelephone operators.

(7) Switchboard
battalion).

b. The battery FDC is composed of the follow-
ing personnel:

(1) Battery executive officer.

operator (nondivisional

(2) Chief fire direction computer.

(3) Assistant chief fire direction computer.
(4) Fire direction computers.

(5) Radiotelephone operators.

2-3. Duties of Fire Direction Personnel

Duties pertaining to fire direction are identical
for personnel of the battery and battalion fire

direction centers. Personnel are assigned specific
duties, which they perform in a prescribed se-
quence and manner in order to eliminate confu-
sion and to facilitate speed and accuracy. The fol-
lowing prescribad duties are based on a battalion
organization; however, personnel in divisional
batteries perform essentially the same duties as
those performed by their counterparts of bat-
talion level:

a. S3. The 83 is responsible for the supervision
and operation of the fire direction center and the
fire direction team. His duties include—

(1) Supervising the operation of the FDC
and the training of FDC personnel.

(2) Selecting the battery (launcher(s)) to

fire. :
(8) Designating the firing positions for a

fire mission if not designated by higher head-

quarters. .

(4) Issuing fire orders.

(5) Maintaining a record of the readiness
condition and location of all weapons and com-
ponents.

(6) Determining final minimum quadrant
elevation.

b. Assistant S3. In the absence of the S3, the
assistant S8 assumes the responsibility for the
duties listed in a above. He is primarily respon-
sible, however, for the processing of fire missions.

¢. Operations Sergeant. The operations ser-
geant is the principal enlisted assistant to the S3.
His duties include—

(1) Maintaining the -situation and operation
maps.

(2) Preparing records and reports.

(8) Such other duties as may be assigned by
the S8 or assistant S3.

d. Chief Fire Direction Computer. The chief

2-1
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fire direction computer supervises the processing
of fire missions. His duties include—

(1) Verifying the computations - made by
computers.

(2) Distributing met data.

(83) Maintaining firing charts.

(4) Supervising the work of enlisted mem-
bers of the FDC.

(5) Assigning duties to enlisted members of
the FDC.

(6) Acting as operations sergeant in the lat-
ter’s absence.

e. Fire Direction Computers. The fire direction
computers convert calls for fire and fire orders
into fire commands for individual launchers.
FADAC is the primary means of determining fir-
ing data; firing data may also be computed man-
ually. Duties of the computers include—

(1) Recording the call for fire.

(2) Recording the fire order.

(3) Recording met messages.

(4) Recording the location of the firing posi-
tion. B

(5) Recording the firing platoon (section)
commander’s report.

(6) Computing the vertical interval, azimuth,
and range from the firing position to the target.

(7) Computing initial laying data.

(8) Computing corrections for nonstandard
conditions and announcing data to the firing sec-
tion personnel. i

(9) Obtaining and recording low-level wind
data.

(10) Computing low-level wind corrections

(unless they are computed at the firing section).

Section |I.

2-4. General

a. Definition. Fire direction is the tactical em-
ployment of firepower, the exercise of tactical
command of one or more units in the selection of
targets, the concentration or distribution of fire,
and the allocation of ammunition for each mis-
sion. Fire direction also includes the methods
and techniques used to convert fire missions into
appropriate fire commands.

b. Principles. The methods employed in fire
direction must insure—

(1) Continuous, accurate, and timely fire

2-2

(11) Recording the time the mission was
fired.

(12) Making appropriate entries on the am-
munition report for expended rounds.

(13) Recording surveillance information as
it is received.

f. Radiotelephone Operators. The radiotele-
phone operators must be trained in FDC commu-
nications procedures. Specific duties of the radio-
telephone operators include—

(1) Operating radio(s) or telephone(s) in
the fire direction center.
(2) Transmitting warning orders and firing

data to the battery (section) des1gnated in the
fire order.

(3) Reporting data received from the firing
section and completion of the mission.

(4) Making communications checks as di-
rected.

(5) Apply communications security (COM-

SEC) in operating his radio(s) or telephone(s).

9. Switchboard Operator. The switchboard op-
erator must also be trained in FDC communica-
tions. His duties include—

(1) Installing and operating the FDC switch-
board.

(2) Assisting in the installation of radio/
wire integration and local FDC circuits.

(3) Performing the necessary communica-
tions checks to insure that the FDC circuits op-
erate properly.

- (4) Be familiar with communications secur-
ity (COMSEC) procedures pertaining to wire
communications security.

FIRE DIRECTION PROCEDURES

support under all conditions of weather, visibility,
and terrain.

(2) Flexibility sufficient to engage all types

of targets over a wide area.

(3) Prompt massing of fires of all available
units in any area within range.

(4) Prompt distribution of fires simultane-
ously on numerous targets within range.

2-5. Call for Fire

The fire support element of the higher head-
quarters exercising tactical control over the fires



of the Honest John unit will order the mission to
be fired. The call for fire will include applicable
elements as follows:

Element Examnle

a. Identification _____ THIS IS FIREPOWER 3

b. Warning ________ FIRE MISSION

¢. Unit to fire . ______ LONG SHOT

d. Launcher(s) to ONE LAUNCHER
fire

e. Firing position FIRING POSITION
number NUMBER 1

f. Target number ___NA2129

g. Target grid -_.___ NP2526141419

h. Target altitude ___400 METERS

1. Type rocket ______ MGR-1B

J. Warhead ________. M144

k. Fuze/height of AIR/HIGH
burst *

l. Total number of ONE ROCKET
rockets

0530

‘ m. Time on target ._._TIME ON TARGET

TIME ON TARGET NO
LATER THAN 0550

n. Time on target,
no later than

0. Remarks

*See FM 6-40-1A.

2-6. Fire Order

a. Fire Order. The fire order consists of some
or all of the following elements and is announced
in the sequence indicated:

Element Ezxample

(1) Unit to fire .._LONG SHOT BRAVO

(2) Launcher LAUNCHER NUMBER
number 4

(3) Firing posi- FIRING POSITION
tion number NUMBER 1

(4) Target num- NAZ2129
ber

b. Launcher to Fire and Firing Position. Se-
lection of the launcher(s) to fire and firing posi-
tion(s) is based on the following considerations:

(1) State of readiness.
(2) Time available.

(3) Location of launchers..
(4) Location of the target.

FM 6-40-1

(5) Previous commitments.
(6) Availability of ammunition.

2-7. Sequence of Commands

Fire commands originate in the FDC and include
all data necessary for positioning, laying (point-
ing in a known direction), and firing the rocket.
Low-level wind corrections are applied by firing
section personnel just prior to firing. These cor-
rections may be determined at either the FDC or
the firing position. Fire commands are normally
sent to the firing section in four phases as shown
in @ through e below.

a. Warning Order. The first phase, the warn-
ing order to the firing section personnel, includes
the following elements:

Element Example
(1) Launcher to LAUNCHER NUM-
fire. BER 4
(2) Firing posi- FIRING POSITION
tion NUMBER 1

(8) Type rocket ._._MGR-1B
(4) Type warhead . _M144
(5) Fuze option * __AIR

(6) Height of burst HIGH

option *
(7 Method of fire .__ONE ROUND, AT MY
COMMAND
(8) Time of fire ____TIME ON TARGET
0530

*See FM 6-40-1A.
b. Initial Laying Data. The second phase, ini-
tial laying data, includes the following elements:

Element

(1) Azimuth of the AZIMUTH OF ORI-
orienting line ENTING LINE 1020

(2) Azimuth of AZIMUTH OF FIRE

Example

fire 4625

(8) Orienting ORIENTING ANGLE
angle 2795

(4) Trial quadrant QUADRANT 688
elevation

¢. Corrected Firing Data. The third phase, fir-
ing data corrected for nonstandard ammunition
and weather (met) conditions, includes the fol-
lowing elements:

Element Example
(1) Corrected deflec- DEFLECTION 1451
tion

2-3
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Element Exrmnle
(2) Fuze setting _____ TIME 84.1
(8) Corrected quad- QUADRANT 662.2
rant elevation '

d. Low-Level Wind Corrections. The fourth
phase, low-level wind corrections.are applied just
prior to firing. Elements of these corrections and
data fired are as follows:

_ Element Correction Ezxnmnle
(1) Deflection 124 DEFLECTION
fired 1475
"(2) Quadrant +144 QUADRANT
elevation 676.6
fired

2-8. Firing Data

a. The computation of firing data for Honest
John rockets consists of determining an accurate
firing azimuth (deflection), time of flight (fuze
setting), and quadrant elevation, without the
benefit of registration or adjustment. This is a
predicted fire technique in which corrections for
all measurable variations from established stand-
ard conditions are computed and applied to trial
data.

'b. The sample missions in chapter 8 illustrate
the detailed computational procedures. The start-
ing point in the determination of firing data is
the computation of .the bearing angle and the re-
sultant azimuth of fire, the launcher-target range,
and the height of target or burst with respect
to the launcher, based on the locations of the
launcher and.the selected target or. burst point.
Once these data have been determined, the ini-
tial laying data to include trial quadrant eleva-
tion and trial time of flight are computed. These
data would cause a burst to occur at the desired
point if all conditions ecualed the standards de-
fined in the appropriate firing tables. Corrections
to deflection, time of flight, and quadrant ele-
vation are computed and applied for nonstandard
ammunition and weather conditions, for the ef-
fects of the earth’s rotation, and for drift (MGR—
1B only). In addition, a correction to time of
.ﬂlght to obtain fuze setting is required with se-
lected fuzes. Corrections for the effects of low-
level winds are determined and applied to the
corrected deflection and quadrant elevation as

24

close to the time of fire as possible. The unit
FDC is responsible for the determination of all
data; however, the low-level wind corrections
may be determined by the firing section per-
sonnel.

¢. The computations involved are similar to
those used in other field artillery predicted fire
techniques. A principal difference is that site is
not used in the rocket gunnery problem. The fir-
ing tables are arranged in a two-dimensional
format and provide directly for horizontal range
and height combinations.
tion is the angle of elevation obtained by enter-
ing the tables with range and height with re-
spect to the launcher. Also, in the rocket firing
tables, the unit corrections for variations from
standard conditions are deseribed in m_lls and
seconds rather than in meters.

d. The unit corrections for variations from
standard conditions which are contained in Hon-
est John firing tables are displayed for all in-
stances where a correction for a nonstandard con-
dition may be made. However, there are cases
in which blank spaces appear in the unit cor-
rection factor columns. In these cases, the rocket
should not be fired because it would not be pos-
sible to predict behavior. Should the commander
desire to fire under these conditions, the unit cor-
rection factor should be taken from the last
listed figure in the same column, if the column
contains any entries at all, or from a previous
listed range, if the column is totally blank. In no
case should the rocket be fired without any cor-
rection for that particular nonstandard condi-
tion, since this would result in more error than
using the last listed value.

e. Computing fuze settings in the FDC con-
sists of finding the trial time of flight, correcting
it for nonstandard conditions, and applying any
fuze correction from the firing table. For the
M421 fuze, this value then becomes the fuze
setting placed on the fuze for the following war-
heads: M38, M144, M186, and M190. However,
for the M6 warhead which uses the M411 fuze,
an additional fuze correction is found packed
with each individual fuze. This value is alge-
braically added to the fuze setting computed in
the FDC and the result is then the fuze setting
placed on the fuze.

The quadrant eleva--.
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CHAPTER 3

MANUAL COMPUTATIONS

Section 1.

. 3-1., Computer's Record Data Correction Sheet
(Free Rocket) (DA Form 6-56)

a. The computer’s record data correction sheets
assist the fire direction computer in computing
and recording firing data. DA Form 6-56 (fig
3-10, 3-10, 340, 3-4®, 3-8®, and 3-8®) is
designed to be used with the ballistic met mes-
sage and all Honest John firing tables. The bal-
listic met message must be converted to the US
format for use with MGR-1A firing tables.

b. The procedure for using the computer’s rec-
ord is as follows:

(1) Record the call for fire from higher
headquarters.

(2) Record the fire order.

(3) Prepare the warning order and transmit
it to the proper firing section(s).

(4) Obtain the position data from records in
the FDC.

(5) Compute the initial laying data

(6) Transmlt the initial laying data to the
firing section.

(7) Compute corrected data (determine met
corrections and corrections for nonstandard am-
munition effects).

(8) Transmit the corrected data to the firing
section.

(9) Compute low-level wind corrections (if
they are not computed by the firing section).

(10) Transmit the final firing data, includ-
ing low-level wind corrections (unless low-level
wind corrections are computed by the firing sec-
tion), to the firing section.

(11) Record the fired data and the time the
mission was fired.

3-2. Meteorological Data

Among conditions that affect a rocket is the state
of the atmosphere through which it passes. The

COMPUTER'S RECORD AND WEIGHTS

atmospheric (met) effects that must be consid-
ered in the computation of corrections are wind,
temperature, density, and surface pressure.
Basically, the method of computing met correc-
tions for cannon artillery is applicable to rocket
artillery. However, in rocket artillery gunnery,
corrections are computed for and applied to
quadrant elevation and time of flight rather than
range. Since range, direction of fire, propellant
weight and temperature, rocket empty weight,
and other ballistic conditions vary from round
to round, separate corrections must be computed
for each rocket to be fired.

3-3. Computation of Weights

a. The weight of the MGR-1A and MGR-1B
rockets may vary as much as 200 pounds, depend-
ing on the variations in weight of the individual
components (motor assembly, warhead, propel-
lant, and fins). This deviation may be from any
one of four standard Honest John - computed
empty weights: the M3-series motor assembly
with the heavy warhead (3,850 pounds), the M3-
series motor assembly with the light warhead
(3,520 pounds), the M66-series motor assembly
with the heavy warhead (3,020 pounds), and
the M66—series motor assembly with the light
warhead (2,630 pounds). The M27, M47, and
M48 nuclear warheads and the M190 chemical
warhead are light warheads. The M6A1, M144,
and M186 high-explosive warheads and the M38
flash-smoke warhead are heavy warheads. Sev-
eral weights must be considered when computmg
the empty weight of the rocket.

(1) The motor assembly stenciled empty
weight.

(2) The motor assembly stenciled g'ross
weight.

(3) The stenciled propellant weight (MGR-
1A only).

(4) The stenciled propellant weight differ-
ential (MGR-1B only).

3-1
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(5) The stenciled warhead weight.

(6) The fin weight (not stenciled on the
fins).

b. The computed empty weight used in FDC
computations is the weight of the rocket at burn-
out and is the as-fired weight minus those com-
ponents consumed during burning (for ex-
ample, propellant, spin rocket propellant, and
wiring). The computed empty weight for the
MGR-1A rocket is the sum of the warhead
weight, the stenciled empty weight, and the fin
weight. The computed empty weight for the
MGR-1B rocket is the sum of the warhead
weight and the stenciled empty weight. (The
MGR-1B rocket stenciled empty weight includes
the weight of the fins). The stenciled weights
appearing on rocket components are to be used
in all empty weight computations. No additional
weights are added for other components (for ex-
ample, rear shoe adapters, closure plug, igniter,
and fuzes). For propellant weight computations,
an additional factor for motor age must be
added to the stenciled propellant weight differ-
ential when the MGR-1B rocket is fired with a
light warhead.

¢. Certain M3-series rocket motor assemblies
have been purposely stenciled in error (RAD
lots 1-23, 1-24, and 1-28 through 1-38). The
propellant weights stenciled on these rocket mo-
tors are to be used by the unit to compensate for
a low-impulse propellant. To deviate from the
motor stenciled propellant weights is not per-
missible.

d. There are two types of fins in use with the
MGR-1A rocket. The weight for the appropriate

fins must be allowed in all computations—166

pounds for the set of four M136A2 fins and 172
pounds for the set of four MI136A2B1 fins.
Weight used in FDC computations for firing the
MGR-1A rocket may be obtained in one of two
ways, depending on what weights are stenciled
on the rocket. The procedure is as follows:

(1) If the empty weight of the motor is
given, add to it the weight of the warhead sec-
tion and the weight of the fins to obtain the total
empty weight.

Ezxample:
Motor empty weight 2,025
Plus warhead section weight +1,634
Plus fin weight (M136A2B1) + 172
Equals total empty weight =3,831

3-2

Data t(; be used in computations:
Empty weight.
Propellant weight (as stenciled)

3,831
2,051

(2) If the motor empty weight is not given,
add the spin rocket propellant weight to the pro-
pellant weight and subtract the sum from the
gross motor weight. This is the equivalent of the
stenciled motor empty weight. Then add the war-
head section weight and fin weight to obtain the
empty weight.

Ezample:

Propellant weight 2,049

Plus spin rocket propellant weight + 13.7
Sum of propellant weight and

spin rocket propellant weight =2,062.7
Gross motor weight 4,100

Minus sum of propellant weight
and spin rocket propellant weight —2,062.7

Equals empty motor weight =2,037.3

Plus warhead section weight +1,240

Plus fin weight (M136A2) + 166

Equals total empty weight =3,443.3
Data to be used in computations:

Empty weight 3,443

Propellant weight (as stenciled) 2,049

Note: For all MGR-1A weight calculations, the weight
difference between rear shoe adapters and rear shoe plates
may be ignored.

e. Two weights are stenciled on the M66—series
motor assembly of the MGR-1B rocket: the
empty weight and the propellant weight differ-
ential. The stenciled empty weight is used un-
altered in determining the computed empty
weight. This stenciled empty weight includes the
weight of the fins.

(1) When a heavy warhead is fired, the pro-
pellant weight differential is used unaltered.

Ezxzample (heavy warhead) :

Motor empty weight 1,380
Plus warhead weight +1,630
Equals computed empty weight =3,010
Data to be used in computations:
Computed empty weight 3,010
Propellant weight differential (as
stenciled) —b5.6

(2) When a light warhead is fired with the
MGR-~1B rocket, an additional propellant cor-
rection factor must be added to compensate for
the age of the M66-series motors. The addi-
tional correction factor is determined from a



special table included in change 1 to the light
warhead firing tables (FTR’s 762-G-1, 762-1-1,
and 762-K-1). -

Ezample (light warhead) :

Motor empty weight 1,380
Plus warhead weight +1,235
Equals computed empty weight =2,615
Propellant weight differential (as
stenciled) -b5.6

Section Il.

3-4. Computation of Firing Data

In determining the procedure to be followed for
computing firing data for the Honest John rocket,
several factors must be considered. For example:
The requirements of the mission dictate what
type of warhead will be fired; the type of war-
head determines the firing table to be used; the
ambient temperature determines the method to be
used to obtain unit corrections for nonstandard
propellant temperature; and the conditions
(NIGHTTIME or ALL OTHER THAN NIGHT-
TIME) existing at the time the round is to be
fired determine which wind table will be used
to determine corrections for low-level winds.

3-5. Sample Mission 1: MGR-1B Rocket With .

M38 Warhead

In this sample mission an MGR-1B rocket with
M38 flash-smoke warhead is to be fired from an
M386 launcher. This combination requires the
use of FTR 762-H-1 for manual firing data com-
putations. The propellant temperature is in the
range 20° F to 77° F, the low-level wind is meas-
ured with an AN/PMQ-6 windset, the conditions
are NIGHTTIME, and the surface pressure is
measured with a barometer at the firing site.

a. The following call for fire is received at
the FDC:

THIS IS FIREPOWER 3
FIRE MISSION

LONG SHOT

ONE LAUNCHER

TARGET NUMBER NA2122
TARGET GRID NP2337035505
TARGET ALTITUDE 857
ROCKET MGR-1B
WARHEAD M38

FUZE TIME/HEIGHT OF BURST +200
ONE ROCKET

TIME ON TARGET 0530

FM 6—40-1

Date motor loaded May 1963
Date fired June 1966
Age of motor 37 months
Additional correction from change 1

of the FTR -223

Total propellant weight correction -27.9
Data to be used in computations:

Computed empty weight 2,615

Total propellant weight correction —27.9

SAMPLE MISSIONS—NORMAL CONDITIONS

b. The S8 issues the following fire order:
LONG SHOT ALFA
LAUNCHER NUMBER 2
FIRING POSITION NUMBER 2
TARGET NUMBER NA2122

¢. The following warning order, based on the
call for fire and the S3’s fire order, is sent to the
firing section:

LAUNCHER NUMBER 2

FIRING POSITION NUMBER 2
ROCKET MGR-1B

WARHEAD M38

FUZE TIME

ONE ROUND, AT MY COMMAND
TIME ON TARGET 0530

d. All known values are entered on the Com-
puter’s Record Data Correction Sheet, DA Form
6-56, (fig 3-1») and @).

(1) Target coordinates NP2337035505.
(2) Target altitude 357 meters.

(8) Height of burst relative to target +200
meters.

(4) Launcher coordinates NP4841035893.
(5) Launcher altitude 446 meters.
(6) Azimuth of orienting line 285 mils.
(7) Empty weight 3,010 pounds.
(8) Propellant weight correction + 1.0 pound.
(9) Propellant temperature 49° F.
(10) Latitude of launcher 34° N.

(11) Surface air pressure (barometer) 965
millibars.

(12) Launcher aiming point deflection 1,443
mils.

33
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COMPUTER'’S RECORD DATA CORRECTION SHEET (FREE ROCKET)

For use of this form, see FM 6-40-1; the proponent ogency is U.S. Continental Army Command.

UNIT Lehr Lat ime ond Date Fired Min FPC /B5 d[Tatnr NA 2]25-
3/2 34 °slo530 28 AUGTOQRE FDC 2 4.2 o |RktMir SN 3 | 3D
COMPUTATION OF RANGE ANDBEARING|  ge — dE +
S Bwe| 23370 35505 | 400 | O
Coord g 640
FIREPO wEL 3 | FM, L::: 0 -Bearing | +Bearing
:JmFt" W /2 %cl:_:r(e) Coord 4’84‘/0 35893 dE—- gE+
o Fir / , to Fire N—
FP Nr_____ Tgt N(NA 2122, d€S25040|4"& 388 00 3200
Tgt Grid NP TSNP 2% 3370 25505, ST + Bearing| - Bearing
6R~ -
LghtdAltZ_S_Zm;‘;r/y:;BRktM_ls Ton gﬁ 4. 3{ ii E4 AZIMUTH
TotaINrRkts__ | ) tﬁ, Tan 2. SAZ8S 3200
. ToT.O530 TOT NLT________, Beoring .80 2 €400 3200
Remarke Bearing (584.2 Beoring (@ /594 o
: RANGE Az of
FIRE ORDER § dE Grz,%;h°&?4 Fizr: 4784 o
Unit Logd . HOB REL TO LCHR
Jto Fireﬂm, Lehr Ne_2 - [[CogSinB |- 9,999948 Taot Alf LT ;57,“ X
FPNr_2 _,Tgt NrNA2)22.[Lo9 Re 4.398686 08 rel
' Ronge - ?%%7’“ toTgt %% | ¥ 200 m
reater than
WARNING ORDER 1,?. NTYL — = Alt of 557 m
Lchr Nr. _ s/iLogCosB|— __—
U — ;; OB—, Log Rg 1 . e |~ 446 m
- L) HOB rel |
TOT:,IE"%M e "B i1l m
1| Computation HOB rel
Rkts perLchr_________.lIRange (IOm)_Z_i_OALm to Lehr (IOm)_'tl_LQ_m

ADDENDUM COMPUTATIONS

Alt Tgt m|(Hg m{Rg(Triol) m
Alt Lehr - m| N (1m) Met CorrtoRg |+ m
T — - Um) |- m
Ht of Tgtrel '!m)|= miuoB _ Rg(Corr)
Lcm—HT(IOm) - m|| above Tgt - m (lom) |- m
Line Nr wWind Az | Wind vel | Temperature Density wWind Az (100m) m
j [ ] +6400 (if nec) |+ o
Alt Tgt m Density Correction R Sum 2 of
Alt MODP | — m Az of Fire 1000f) | — o
Alt Diff m|  Corrected Volue Chort Dir of Wind |= P
CROSS L L L _
WIND R X =R X =R ] Computations :
Comp Vel Unit Corr Df Corr
RANGE H H
WIND T. X =T Knots
Comp Vel
BALLISTIC Variotion Rg Corr
FACTORS Std |Known | from Std | Unit Corr +/=
Density 100% DI
Range Wind O Kn HT
Met Corr to Rg (Triol) +

%*See FM 6-40-1A

D A FORM 6 - 5 6 REPLACES EOITION OF 1 JUL 61, ANO DA FORM 2256-1-R, 1 JAN 62, WHICH ARE OBSOLETE.
| FEB 69

Figure 3—-1@. Computer’s record data correction sheet (Free Rocket), DA Form 6-56 (front) (sample mission 1).
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Fiing Tobie Eniey rengs o) s o vy Retanrof sorst tomy - ]
‘ Ceher #4b _ mlFwer 4284  o|len 053 30 Yllssemt o
tnitiol Laying Dato ™ Camputatians (QE(Triol), TF(Trial), ond Surfoce Pressure):
*Az of OL 285d| QE.
) + 6300 Uf nec) |+ 6700 || #46.7 + (“Y00)(3.L) = 446.70r-0.36= #47.04
Sum s GLB5y|| 16706+ (Vo) (312) = 44700+ 128 = #L8.94 = #48.3
*Az of Fire —47840| I£
- Difference z 190/ || 5645 + ("Aoc) (-0.04) = 56.450-0.004256. 44
—3200 Gf nec) |= Z|| 56. 4464 (¥Yod (0.38) =~56.486+0.152 = 56,596 256.60
*QOrienting Angle (= J2O/ of
i ¥QE (Trial) U oA 48 || Surfoce Pressure =___ 765 mb=___925.2 %
A1t Lehr (IOm) #50ml| Met Stotion Use |Type|j Oct Lotitude Longitude
Alt MDP (I0m) |- 340 m [T |B|s]i[s]4]+]9]8]2
. Lehr obove oPl+ 90m Doy B. Time | E.Time | Altitude MDP | Sur. Press. (MDP) |
Selow [ & [oc|o]o|lo sk |a & |3
Az of Win'd(IOOm') 38004 Line Nr Wind Az | Wind Vel Temperature Density
+6400 (if nec) [+ H¥OO o o7 |3 [8lol3|ol3[5al#]
Sum 2102004 Density-Temperoture Carr - o] 2 — o] Q
Az of Fire (I00m) |- 4800w
Chart Dir of Wind |= 5400 Corrected Volues /|03 3|9 |3 |2
e Ra3x03R2 v.528 | 4WNSER5s v 03 @ 2 ajmpn
Comp Vel Unit Carr Comp Vel
BALLISTIC ] + _ [ unit Corr [ Voriotion [Unit Corr + —
FACTORS Std Known to QE_ Jfrom Std] to TF
‘ Propelont  Decreose %% Y ////////// 7%
Temperoture 77°F 491 8.12 +0.29 D1 28 [+.0/9 [0.532
_ Propeliont Weigh |+ 1.0 058| -0.58 |o® /.0| - .0¥4 0.044|
SurfocePressurdi00%|IQ) 95.2 250|-0.5201 4.8 |-.039 0.187
Density 100% | 93.2 30.12| -4 . 431 46.8|-.433 2.944
Air Temperature[|00%(592F/03. 3] .32 +7.3] o 3.3+ .097 {©0.820
Empty Weight (30201b[30/0 l.bol- 0.1 D1 /O |- .009 0.090
Ronge Wind  [OKn |Q H2 | 108 + 0. 5491 2 .063 |0.72b
DEFLECTION L R —— /3?%/////////// //O 578 g%;g
) Df Corr {Adden) 2128 @;t//S/o"//to/QE 2 2.287
Crass Wind Corr |} QUAD ELEV FUZE SETTING
Rotation Corr 2 + - + - .
Orift Carr b 2/ 3 Met Correction 2.29
3 & 2.b Rotatian Correction 0.00
3
Tatol Df Carr 3 /8.7 | Total QE 8 TF Correction 2.29
LLW | CROSS. L L RANGE @ ®
) CoRR| (D) @D _x_ 4/ :®_32 | E) T~ x 153 : - 2.2
Vel Unit Corr LLW VeI Unit Corr LLWw
N Aiming Point Df 1443 [[QE (Tria)(0.1nf) #b68.3 || TF(Trio) (0.0 5b. Lo
Df Correction |L® 3 ||QE Correction |& /8.7 ||TF Correction 2.29
Df (Corrected) 1440 |[QE (Corrected) $49.& | TF (Correctedl.i} 54, 3
Low Level Wind L@ 37 |Low Level Wind (D 9. 2 |[Fuze Carr & o.2
. Of FIRED /403 QE FIRED 45858 FS FIRED 54.5

FM 6-40-1

Figure $-1@. Computer's record data correction sheet (Free Rocket), DA Form 6-56 (reverse) (sample misston 1).
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e. The FDC receives the following ballistic met
message:

METB31 344982
281000 036963
002804 987976
013809 999964
024512 019951
034614 028942
044508 034941
054803 034940
064001 034939
073803 035941
084006 039939
094307 037943
140707 037949

f. Initial data to lay the launcher are com-
puted and recorded on the computer’s record data
correction sheet.

(1) Bearing. In the COMPUTATION OF
RANGE AND BEARING block, enter the co-
ordinates of the launcher and target. In this
example, since the easting and northing coordi-
nates of the launcher are larger than those of the
target, it is easily determined that the launcher
is northeast of the target and that the direction
of fire will be southwest. For convenience in
remembering the direction of fire, draw an arrow
in the third quadrant of the ‘“Bearing” block in
the upper right-hand corner of the form. (This
corresponds to a —dE and —dN.) Obtain the
logarithmic values of dE and dN from the
logarithmic tables (TM 6-280). Enter the values
in the BEARING block and determine the dif-
ference. This difference is the log tangent of the
bearing, and the antilog of the difference is the
bearing (1,584.2mils).

(2) Azimuth of fire. Enter the bearing ob-
tained ((1) above) to the nearest mil (1,584 mils)
in the appropriate space in the AZIMUTH block
at the right-hand side of DA Form 6-56. Since the
bearing is in the third quadrant, add 3,200 mils
to the bearing to obtain the azimuth of fire
(4,784 mils).

(3) Launcher-target range. First, determine
which is the greater, dE or dN, and enter the
values obtained from the log table on the ap-
propriate lines of the RANGE block. Compute
the range (25,043 meters) and enter this value
to the nearest 10 meters (25,040 meters) in-the
Computation Range space.

(4) Height of burst relative to launcher. In
the HOB REL TO LCHR block, enter the target
altitude (357 meters) and the HOB relative to
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the target (200 meters). This information is
obtained from the FIRE MISSION block. Add
these two values to obtain the altitude of the
burst (557 meters) ; subtract the altitude of the
launcher (446 meters) to obtain the height of
burst relative to the launcher (+111 meters).
Record this value to the nearest 10 meters (+110
meters) in the space provided.

(5) Second trajectory (ADDENDUM) com-
putations. This sample mission does not include
second trajectory computations; therefore, all
subsequent computations are made on the reverse
side of DA Form 6-56. At the top of the form,
enter the following values that were computed
on the front side of the form:

Firing table entry range
(computation range)

Firing table entry height of
burst

25,040 meters

+110 meters

Altitude of launcher 446 meters
Azimuth of fire 4,784 mils
Latitude of launcher

(nearest 10°) 30° N

(6) In the INITIAL LAYING DATA block,
enter the azimuth of the orienting line (285 mils),
add 6,400 mils, subtract the azimuth of fire
(4,784 mils), and obtain the value of the orienting
angle (1,901 mils).

Note: The blank space on the reverse side of DA Form

6-56 may be used for computing the trial QE, trial TF,
and surface pressure (g, h, and j below).

g. The trial QE is determined by entering
table G of FTR 762-H-1 with the range to the
nearest 200 meters and obtaining the elevation
from column E2 corresponding to the firing table
entry height of burst (HOB relative to the
launcher) in column E1.

Note: Since some free rocket firing tables list entry
ranges in 200-meter intervals, it may be necessary in some
cases to examine the exact computed launcher-target range
(before expression) to determine the proper entry range.
For conformity in entering the firing tables, the following
example is furnished as a guide: For launcher-target
ranges of 24,900 to 25,099 meters inclusive, the entry range
is 25,000 meters; for launcher-target ranges of 25,100 to
25,299 meters inclusive, the entry range is 25,200 meters.

(1) In this example, to obtain the elevation
(colm E2) corresponding to the launcher-target
range of 25,040 meters, enter table G at range
25,000 meters and HOB + 100 meters (colm E1).
The elevation for an HOB of +100 meters is
466.7 mils. To find t}le elevation for an HOB of
+110 meters, interpolate between +100 meters

" and +200 meters as follows:



HOB EL
200 4703
100| 110 ? ]3.6
10 X
100-:| |:466.7

10 —l(—or X = 36(10) = +0.36

100

Therefore, the elevation coiresponding to HOB
+110 meters and range 25,000 meters = 466.70
+ 0.36 = 467.06 mils.

Note: Interpolation begins at the elevation correspond-
ing to the lower listed.value for HOB relative to the
launcher. For conformity in entering the firing tables, the
following example is furnished as a guide: For HOB's
relative to the launcher of +100 meters to +199 meters
inclusive, interpolation will begin at the elevation cor-
responding to HOB +100; for HOB's relative to the
launcher of +200 meters to +299 meters inclusive,
interpolation will begin at the elevation corresponding to
HOB +200.

(2) Since the elevation was obtained at an
entry range of 25,000-meters, an elevation change
must be computed for the additional 40 meters
of range beyond 25,000 meters. This is accom-
plished by use of the c factor in column E3 of
table G. Enter the table at the nearest 100-meter
HOB (+100) and obtain the corresponding c
factor (+38.2). This factor represents the num-
ber of mils in elevation necessary to change the
range 100 meters. Compute elevation change
corresponding to the .additional 40 meters in
range as follows: 40/100 X 3.2 = 1.28 mils. Add
this value to the elevation already computed for
range 25,000 meters and HOB +110 meters
(467.06) and obtain the trial QE of 468.3 mils
(467.06 + 1.28 = 468.34 or 468.3 mils). Enter
this value to the nearest mil in the QE (Trial)
space of the Initial Laying Data block and to the
nearest tenth mil in the QE (Trial) space at the
bottom center of the form.

Note: In some cases it may be necessary to examine the
exact computed HOB relative to the launcher (before
expression) to determine the proper entry HOB for
obtaining the ¢ factor. For conformity in entering the
firing tables, the following example is furnished as a
guide: For HOB’s relative to the launcher of +50 meters
to +149 meters inclusive, the ¢ factor is the listed value
corresponding to HOB +100; for HOB’s relative to the
launcher of +150 meters to +249 meters inclusive, the ¢
factor is the listed value corresponding to HOB +200.

(8) Transmit the initial laying data to the
firing section:
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(¢) Azimuth of the orienting 285 mils
line

(b) Azimuth of fire 4,784 mils

(¢) Orienting angle 1,901 mils

(d) Trial QE 468 mils

Note: Each element of the initial laying data is trans-
mitted to the firing section as soon as it is obtained to
preclude any delay at the firing section.

h. The trial time of flight (TF) is determined
in the same manner as the trial QE.

(1) Enter table H of the firing table with
the same range (25,000) and HOB (+100).
Determine the time of flight corresponding to
range 25,000 meters and HOB +110 meters by
interpolation as follows:

TF
200 56.41
100| 110 ? ~0.04
[ X[ :]
100 56.45
100 = _0_04 or X = —0.04 - = —0.004

Therefore, the time of flight corresponding to
HOB +110 meters and range 25,000 meters is
56.446 seconds (56.450 — 0.0044 — 56.446 sec-
onds).

(2) As with the trial QE, a time of flight
change must be computed for the additional 40
meters of range beyond 25,000 meters. This is
accomplished by use of the t factor in column T3
of table H. Enter the table at the nearest 100-
meter HOB (+100) and obtain the corresponding
t factor (.38). Compute the time of flight change
corresponding to the additional 40 meters as
follows: 40/100 x 0.38 = 0.152 second. Add this
value to the time of flight computed in (1) above
(66.446 + 0.152 = 56.598 or 56.60 seconds).
Enter this value in the TF (Trial) space in the
lower right-hand corner of the form.

Note: The trial time of flight is not sent to the firing
section.

2. The date from the met message must be
reduced to a form that can be used in computing
corrections to the trial QE, trial TF, and deflec-
tion to compensate for nonstandard meteorologl-
cal conditions.

(1) Enter the data from the heading of the
met message in the appropriate spaces on the
form.

(2) Enter table A with the trial QE of 468
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mils and find the line number applicable to this
particular fire mission (07).

(3) The data from line 07 (uncorrected for
the difference in altitudes between the launcher
and the MDP are 07 38 03 103.5 94.1. Enter
these data in the appropriate spaces on the form.

(4) Since temperature and density vary ap-
preciably with altitude, corrections must be ap-
plied to compensate for the difference in altitude
between the launcher and the MDP. First, deter-
mine the difference in altitude between the
launcher and the MDP, using the spaces on the
left side of the form directly beneath the QE
(Trial) space.

Altitude of launcher (446) to

nearest 10 meters

Minus altitude of MDP

Difference (Launcher above
MDP) = + 90 meters

Next, enter table B at the height of the launcher
with reference to the MDP (+90 meters) to
obtain a correction to air temperature of —.2
percent and a correction to air density of —.9
percent. Apply these corrections to the air tem-
perature and density recorded from line 07 of the
met message.

450 meters
—360 meters

Temperature Density

103.5 94.1

- 02 - 0.9

Corrected 103.3" 93.2

Record the corrected data in the appropriate
spaces on the form.

J. Surface air pressure measured with a baro-
meter at the firing position (965 millibars) must
now be converted to a percent of standard air
pressure. Enter table C with 965 millibars to
obtain 95.2 percent.

Note: If the surface air pressure measured with a
barometer is unavailable, the surface air pressure from
the heading of the met message may be used. This method

of determining surface air pressure is outlined in para-
graph 3-8.

k. The met message is now applicable to the
firing problem being solved; but, before actual
corrections can be determined for existing mete-
orological conditions, the ballistic wind data must
be reduced to cross wind and range wind com-
ponents.

(1) Determine the chart direction of the bal-
listic wind by subtracting the azimuth of fire
from the azimuth of the ballistic wind, adding
6,400 mils if necessary.

3-8

Azimuth of ballistic wind 3,800 mils
+ 6,400 mils
10,200 mils

Azimuth of fire (4784 to
nearest 100 mils) — 4,800 mils

Chart direction of ballistic wind 5,400 mils

(2) Using this chart direction, enter the
“Correction” Components of a Unit Wind table
(table E, page 14) to obtain—

Cross wind correction component = L.83
Range wind correction component = H.56

The ballistic cross and range winds are the
products of the wind velocity from line 07 of the
met message (3 knots) and the correction com-
ponents just determined. Hence,

Ballistic cross wind = L.83 X 3 = L2 knots
Ballistic range wind = H.56 x 3 = H2 knots

(3) A correction to deflection must be ap-
plied to compensate for the ballistic cross wind.
Enter table F (range = 25,000 meters) and
determine the unit correction factor for a bal-
listic cross wind of 1 knot (colm 11) to be 0.52
mil. The correction for a cross wind of L2 is L2 x
0.52 = L1 mil.

l. Corrections to QE and TF must be applied
to compensate for nonstandard conditions of ma-
teriel and weather.

(1) First, compute variations from standard
of all met and ammunition data and enter the
variations from standard in the variation from
standard column of the BALLISTIC FACTORS
block of the form as shown in figure 3-2.

Note: For MGR-1A rocket motors, use the propellant
weight. For MGR-1B rocket motors, use a propellant
weight correction.

(2) Next, determine the unit corrections to
QE and TF by entering tables G and H at range
25,000 meters and height +100 meters. The
column chosen to obtain a unit correction for a
variation from standard conditions depends on
whether the variation is an increase or a decrease.
Record each unit correction in the appropriate
column of the BALLISTIC FACTORS block.

Note: In some cases it may be necessary to examine the
exact computed HOB relative to the launcher (before
expression) to determine the proper entry HOB for
obtaining the unit correction factors. For conformity in
entering the firing tables, the following example is
furnished as a guide: For HOB'’s relative to the launcher
of +50 meters to +149 meters inclusive, the unit cor-
rection factors are those listed values corresponding to
HOB +100; for HOB’s relative to the launcher of +150
meters to +249 meters inclusive, the unit correction
factors are those listed values corresponding to HOB + 200.
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BALLISTIC Variation
FACTORS Std Known | from Std
Propellant _° Decrease
Temperature 77°F
{Propeiiant weight b
ISurfoce Pressure| 00%I0
Density 100%
Air Temperature || 00%|59°
Empty Weight | 3020 |b
Range Wind OKn

Figure 3~2. Ballistic factors and variations from standard ( sample misgion 1).

(3) Finally, multiply each unit correction
factor ((2) above) by the corresponding variation
from standard ((1) -above) and record each
product in the appropriate column (+ or —) of
the BALLISTIC FACTORS block. Algebraically
sum the products to determine the total met
corrections to QE and TF. Sample computations
are shown in figure 3-3.

(4) Record the QE correction (—21.28) to
the nearest tenth mil (—21.8) in the appropriate
column of the QUAD ELEV block and the TF
correction (—2.287) to the nearest hundredth
second (—2.29) in the FUZE SETTING block.

m. Corrections to deflection must be applied

to compensate for rotation of the earth and drift
of the rocket during the burning phase.

(1) Enter table I with the latitude to the
nearest 10° (80° N), azimuth of fire to the near-
est 400 mils (4,800 mils), and range to the near-
est 2,000 meters (26,000 meters). The correction
for rotation of the earth is L2 mils.

(2) Enter table J with the range to the
nearest 1,000 meters (25,000 meters) and pro-
pellant temperature to the nearest 10° (50° F).
The drift correction is R6 mils.

(8) Assuming an aiming point deflection of
1,443 mils and combining the correction for a
cross wind (L1 mil) (k(8) above) with the cor-

Unit Corr

BALLISTIC + _ Unit Corr | Variation + _
FACTORS to QE 'from Std I to TF '
Eopellont 7 W W
Temperature |&8.12 +0.29 1 28 |+ .019 |0.532
Propeliant Weigh o.58l-o0.58 |[D® 1l.0]- LOH4 O, OH# 4
SurfacePressur 2.50]|~-0.52 l@I 4.8l - .0389 0.187
kensi'ty 230.12]- #.43 |01 &8| -~ .433 2.Q44
Air Temperature] 4,32 +1.31 |o® 3.9|+.097 |0.320
I:Empty Weight 1.b0|-0.14 |D1 10 |- .009 0.090
[Range wind [ 1.08] —l+o.54 |BT 2 |+ .063 (0.124
21.28 AN 2.287
0 e ne—

Figure 8-3. Meteorological corrections to . uadrant elevation and time of flight
(sample migsion 1).
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rections for rotation of the earth (1.2 mils) and
drift (R6 mils), the corrected deflection is 1,440
mils (1443 + 1 + 2 — 6 = 1,440 mils).

Note: The standard rule for deflection applies: left—
add; rigcht—subtract.

n. Corrections to QE and TF must be applied
to compensate for the rotation of the earth. Table
K lists corrections for QE and TF at 0° latitude;
these corrections must be multiplied by the ap-
propriate factor (from the table beneath table
K) to convert them to corrections for the latitude
of the launcher.

(1) Enter table K at range 26,000 “meters
and azimuth 4,800 mils and extract the QE cor-
rection of +38 mils and TF correction of 0
seconds.

(2) Multiply the corrections by the correc-
tion factor for 30° N latitude (.87) to determine
the corrections to QE and TF for rotation of the
earth.

QE correction = +3 X 0.87 = +2.6 mils
TF correction = 0 X 0.87 = 0 seconds

(3) Record the QE correction in the QUAD
ELEYV block and the TF correction in the FUZE
SETTING block.

0. The total corrections to QE and TF are the
sums of the corrections for nonstandard condi-
tions of weather and materiel and the corrections
for rotation. Thus, the total QE correction =
—21.3 (met correction) +2.6 (rotation correc-
tion) = —18.7 mils; the total TF correction =
—2.29 (met correction) + 0 (rotation correction)
= —2.29 seconds. Add these corrections to the
trial QE and the trial TF to determine the cor-
rected QE and TF.

Corrected QE
mils

Corrected TF
or 54.3 seconds

449.6

468.3 + (—18.7)

56.60 + (—2.29)

54.31

p. A correction to TF must be applied to com-
pensate for a bias in the M421 timer. This correc-
tion (+0.2) is shown in table L. Add this cor-
rection to the corrected TF to determine the fuze
setting to be fired (54.3 + 0.2 = 54.5 seconds).
The following fire commands can now be sent
to the firing section:

Deflection 1,440 mils
Time 54.5 seconds
Quadrant elevation 449.6 mils

q. Corrections to deflection and quadrant ele-
vation must be applied to compensate for low-
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level winds. These corrections normally are com-
puted approximately 2 minutes prior to firing
and may be computed by the firing section com-
mander at the firing point or by the FDC. The
cross wind (R9 mph) and range wind (H6 mph)
are obtained from the wind speed indicator of
the wind measuring set.

Note: If low-level wind readings from a wind measuring
set are not available, low-level wind values may be
determined by the pilot balloon technique (first priority)
(para 3-9a) or obtained from line 01 of the met message
(para 3-9b).

(1) Since the conditions are NIGHTTIME,
table M-2 is used for determining the correction
factors. Enter table M-2 with the corrected QE
to the nearest mil (450 mils). Determine the
deflection correction to the nearest mil and the
elevation correction to the nearest tenth mil.

Note: For ALL OTHER THAN NIGHTTIME condi-
tions, table M—1 would be used.

(a) From table M-2, extract the deflection
correction factor of 4.10. To determine the de-
flection correction, multiply the correction factor
by the cross wind: 410 X R9 = R36.9 or R37
mils.

(b) From table M-2, extract the elevation
(head wind) correction factor of +1.53. To deter-
mine the elevation correction, multiply the cor-
rection factor by the range wind: +1.563 X H6 =
+9.18 or +9.2 mils.

Note: No low-level wind correction is applied to time of
flight.

(2) To determine the deflection and QE to
be fired, add the low-level wind corrections to the
corrected deflection and corrected QE:

Deflection fired = 1,440 + (-37) = 1,403
mils

QE fired = 449.6 + 9.2 = 458.8 mils

3-6. Sample Mission 2: MGR—1B Rocket With
M190 Warhead

In this sample mission, an MGR-1B rocket with
M190 GB warhead is to be fired from an M386
launcher. This combination requires the use of
FTR 762-G-1 and FTR 762-ADD-D-1 for man-
ual firing data computations. The propellant
temperature is in the range 20° F to —30° F, the
low-level wind is measured with an AN/PMQ-6
windset, the conditions are ALL OTHER THAN
NIGHTTIME, and the surface pressure is meas-
ured with a barometer at the firing site.

a. The following call for fire is received in
the FDC:

THIS IS FIREPOWER 3



FIRE MISSION

LONG SHOT

ONE LAUNCHER

FIRING POSITION NUMBER 3
TARGET NUMBER NA2125

TARGET GRID NP4538065184

TARGET ALTITUDE 601

ROCKET MGR-1B

WARHEAD M190

FUZE TIME/HEIGHT OF BURST HIGH
ONE ROCKET

TIME ON TARGET 1130

TIME ON TARGET NO LATER THAN 1145

b. The S3 issues the following fire order:
LONG SHOT ALFA
LAUNCHER NUMBER 1
FIRING POSITION NUMBER 3
TARGET NUMBER NA2125

¢. The following warning order, based on the

call for fire and the S8’s fire order, is sent to the
firing section:

LAUNCHER NUMBER 1

FIRING POSITION NUMBER 3

ROCKET MGR-1B

WARHEAD M190

FUZE TIME

ONE ROUND, AT MY COMMAND

TIME ON TARGET 1130

d. All known values are entered on the Com-
puter’s Record Data Correction Sheet, DA Form
6-56 (fig 3-4 () and ®@).

(1) Target coordinates NP4538065184.
(2) Target altitude 601 meters.

(3) Launcher coordinates NP4926334126.
(4) Launcher altitude 451 meters.

(5) Azimuth of orienting line 1,721 mils.
(6) Empty weight 2,656 pounds.

(7) Propellant weight correction -11.3
pounds (stenciled propellant weight differential
*+13.4 and motor age over 52 months).

(8) Propellant temperature 19° F.

(9) Latitude of launcher 34° N.

(10) Surface air pressure (barometer) 961
millibars.

(11) Launcher aiming point deflection 1437
mils. |

e. The- FDC receives the following ballistic
met message:

METB31 344982
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311700 036959
000501 980980
015208 995964
025017 014951
034914 019945
045212 023944
055910 025942
066308 026942
076209 024945
085713 025942
095618 028944
105730 028949

f. Initial data to lay the launcher are com-
puted and recorded on the computer’s record data
sheet.

(1) Bearing. In the COMPUTATION OF
RANGE AND BEARING block, enter the co-
ordinates of the launcher and target. In this
example, since the launcher easting is larger than
the target easting and launcher northing is
smaller than the target northing, it is easily
determined that the launcher is southeast of the
target and that the direction of fire will be north-
west. For convenience in remembering the di-
rection of fire, draw an arrow in the fourth
quadrant of the “Bearing” block in the upper
right-hand corner of the form. (This corresponds
to a —dE and +dN.) Obtain the logarithmic
values of dE and dN from the logarithmic tables
(TM 6-230). Enter the values in the BEARING
block and determine the difference. This difference
is the log tangent of the bearing and the antilog
of the difference is the bearing (126.7 mils).

(2) Azimuth of fire. Enter the bearing ob-
tained in (1) above to the nearest mil (127 mils)
in the appropriate space in the AZIMUTH block
at the right-hand side of DA Form 6-56. Since
the bearing is in the fourth quadrant, subtract
the bearing from 6,400 mils to obtain the azimuth
of fire (6,273 mils).

(8) Launcher-target range. First, determine
which is the greater, dE or dN, and enter the
values obtained from the log table on the ap-
propriate lines of the RANGE block. Compute
the range (81,300 meters) and enter this value
to the nearest 10 meters (31,300 meters) in the
Computation Range space.

(4) Second trajectory (ADDENDUM) com-
putations. Since this example includes second
trajectory computations, FTR 762-ADD-D-1 is
used to determine the corrected range to burst
(Rs (Corr)), the height to burst relative to the
launcher (Hz), and the addendum deflection cor-
rection (df corr (adden})).

31
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Figure $—4@. Computer's record data correction sheet (Free Rocket), DA Form 6-56 (front) (sample mission 2).
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COMPUTER'S RECORD DATA CORRECTION SHEET (FREE ROCKET)

For use of this form, see FM 6-40.1; the proponent agency is U.5. Continental Army Command.

UNIT Lehr Lot Time ond Dote Fired Min  FPC 72 o |TgtNr AA 2/25
3/2 34 °g[//130 B3/ AUG 70 |qe Fboc 237 Rkt Mtr SN /832
[COMPUTATION OF RANGE AND BEARING|| YR dE — dE+
FIRE MISSION Tot + dNn+
Coord | #5380 65 /84 6490 )
Fm. [[Lehr -Bearihq|+Beoring
Unit Lehr(s) ’ "|{coora 49263 34/26 dE- de+
to Fire 3/2 , toFire l . £ ND dn- dN-
FPNr_3 __, Tot Nr¥A 2125, dtS 3883 |dN¥3/058( 3200 3200
Tot Grio NP 45380 5184 | BEARING + Bearing| —Beoaring
Tot Altdeo!l m, Type RktMGR-1E AZIMUTH
*|[Log dE 3.58491L7
whd MI90 , Fz/HoaIl,LtﬂaH_, Log ON |= #4921 75 5
Totol Nr Rkts 1 Log Ton 3200 of
TOT_LU30 _, TOT NLT_L1L#5 _, Bearing 9.09 994 6400 o¥00
Remarks Beoring /126.7 HlBeoring [& /27 o
RANGE Az of
FIRE ORDER dE Greater tW Fire L2273 o
Unit Log dE HOB REL T0 LCHR
to Firem, Lehr Nr__ ] J[Log SinB |- _—" Tqt AlY 7m
FPNr__3 Tt NrMA 2(25 .||L09 Rg HOB rel +
edNGet thon dE 1o Tat x % z
reoter on
WARNING ORDER a 2 Tog N 4. 92173 é\‘lltrso'f - .
Lehre Nr_____ 1||Log Cos B |- 9.95663]
Tot Nr_____ |[Cog Ry 4. 495542 Lu ot -
Whd HOB______ ,|lRonge 3/ 300 e m
TOT___ g, Pred.TOF. , HoB » |- -
TG' ﬁ% +|[Computotion * *
sperlehr—_ .|/Range (10m)___ 3,300 o[ e iom m
ADDENDUM COMPUTATIONS
Alt Tgt L0l mliHg 1388 m]Re(Triol) 30,844 ™
Alt Lehr -45] m He (m) — 7 /50 ol CorrtoRg 7, _m
(1m)|=4/50 (im)|= 30,778 m
Ht of Tgtrel "iHoB = 4 Re(Corr)
Lehr—H  om|-#/50 m||oboveTet [* #/238 m tom | 36770
Line Nr | Wind Az | Wind Vel | Temperoture Density Wind Az (100m) “+4900
o3 [4]9]iIJ#]ofJi11a]9 T4 5 |[+6a00(itnec) |+ &¥00 s
Alt Tgt o) m|| Density Correction —~ | 2 | # |[Sum = 11300
Alt MOP | = 3&0 m Az of Fire (100n) [~ & 300df
Alt Diff [+ 241 m Corrected Volue Q | 2| 1 |[Chort Dir of Wina |- 5 00O
CROSS
WIND @ﬁ&x 1Y =@ )“IL x.23 |-R_3 Computotions :
Comp Vel Unit Corr Df Corr
RANGE ®
WIND T.20 x_ 14 -7_ 3 Knots
Comp Vel
BALLISTIC Voriotion Rg Corr
FACTORS Std |Known | from Std | Unit Corr +/-
Density 00% [q2.1 @1 79[-12.3| -97.2
Ronge Wind OkKn|HS BT3 |+&5.8 $20.4
Met Corr to Rg (Triol) é 70.8
Rg (TRiaL
390,950 + (5%/0o)(-5) = 30,950 -25=30,947.5
30, Q45+ (/%%00) (10 3) = 3o, , TH05~108.0=30, 84 4.5 = 30,6+44
—538 +5Y00) (100) = /338 ¢ 50 = /388
*%See FM 6-40-1A

FORM
FEB 69

DA, 6-56

REPLACES LD

+TICHw CF 1 JUL 61, AND DA FORM 2256-1-R. 1 JAN 62, WHICH ARE OBSOLETE.



Firing Table Entry Range (IO m) Firing Table Entry Helght of Burst (10 m)
Comp Range or Rg (Corr) m|HOB rel to Lehr or Hy + /139 m
Stne! 45 Pt 0273  slbemie_30 SUSE 3 4
Initial Loying Doto™ Computotions (QE(Triol), TF(Trial), ond Surfoce Pressure):
*Az of O o RE
:;42)0(; nec) |+ Zﬁém o90.1 + (3%00) (2.5) = LYO.J0+2.25=L42.35
Sum = 8121 d|| 4235+ ((Foe) (3.4) = 642.35-).02= b6y ]. 33=44/.3
*Az of Fire ~ L2730 S
DIff = |848u| L—
Dtoronce 1" 18BU) PUL8 + (Won) (-0.07) = 0. L1p-0.0435 T.Ll7
¥Orionting Angie |- 18¥B || T6-bl7 +(P%ee)(0.43) = Vb.bIT-0-129 = Tb- 483217047
®*QE (Trial) (1 eA) ¢ | || Surfoce Pressure = 96l mp:___74.8 Yo
"L A1t Lebr (10m) 450 mi| Met Station Use [Type| Oct Latitude Longitude
Alt MOP (1Iom) [~ 340m|M [E [T [B (3 [ I (3[4 |4 |98 ]2 |
Lehr :bfve MOP|+ 9om Day 8. Time | E. Time | Altitude MDP | Sur. Press.(MDP)
elow
. 31 [1][7[cfofo[a[e]|9]5]9
Az of Wm.d(IOOI;O 5“?723“‘ Line Nr Wind Az | Wind Vel Temperoture Density
+G400(|fne-c) + b ot ] [ o5 ] = 3L0 OIZJB q14 Lq
Sum *12 )0od Density -Temperoture Corr -lo |2 - o) 9
Az of Fire (10000 |~ &3 OO
Chart Dir of Wind |= 58”" Corrected Values I lo] 2 [’ q ‘-’ O
%7335 @-ﬂxéé=@ﬂx;é&=@l&m %?SSE@.83 x 30 =@ 25 «n/mph
Comp Vel Unit Corr Comp Vel
BALLISTIC Unit Corr | Voriotion JUnit Corr
FACTORS- Std lKnown + |~ 1 to QE lfrom std] 1o TF + -
Propellant 57 ° Decrecse 2050”/////%// %//////////////% ). &40 ////
Temperoture 77°F 19 o.47 +0.47 @1 ! +.03%4 | 0.034
Propellant Weight] iwl-1).3110.17 +0.90 o1 1.3 ]+ .073 |0.825|_—
Sur focePressurd|00%|lQ 94.8 Bll1-0.-79 @I 52| - .0b% 0.833]
Density 100% | 94.0 ¥59L)-7.LL 1 Lo]- .750 4.500
Air Temperoture |00%(555F |102. L1 7.12 +2.74 10® 2L 14 .230 |{0.598
Empty Weight | 2630 wl2456] L.24 +0.24 |00 20 |+ .015 |0.390
Ronge Wind OKnEmph H25121.50 40.8b @ 25 |+ ./02 |2.550
bb.0050.0 4.037(4.833
DEFLECTION L R Is0.0 %AW Lk 23
Of Corr (Adden)| 3 , M oo e 1 ].20¥4
Cross Wind Corr | |2, QUAD ELEV FUZE SETTING
Rotation Corr [ + - + -
Orift Corr 74 15.9 Met Correction .20
Jb Vi 0.9 Rotation Correction o.00
7
Totol Df Corr 9 1.8 Total QE & TF Correction | .20
LLW | CROSS L L RANGE ®
corr | (01 @8 x 352 -®_28 | ) @ 4 x1.72 -~ L9
Vel Unit Corr LLW ‘Vel  Unit Corr LLw
Aiming Point Df 114 37 [[QE (Trion (0.1n) bof].3 J[TF(Trionto.0n 0%.49
Df Correction R 9 QE Correction @ 16.8 TF Correction C‘_i_‘) 1.20
Of (Corrected) 13}l ||QE (Corrected) &b58. | TF (Corrected(.1) 79.7
Low Level Wind [UR)” 28 |[Low Level Wind | 4.9 ||Fuze Corr B o2
Df FIRED 1418 QE FIRED bb5.0 FS FIRED 77.9

FM 6-40-1

Figure 3-4®. Computer’s record data correction sheet (Free Rocket), DA Form 6-56 (reverse) (sample misgion 2).
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(a) Determine the height of target relative
to the launcher (Hr). Subtract the altitude of
the launcher (451 meters) from the altitude of
the target (601 meters) to obtain the height of
target relative to the launcher (+150 meters).
Record this value in both spaces ((1m) and
(10m)) in the Ht of Tgt rel Lehr-Hy block, since
in this case the height of target relative to the
launcher is already expressed to the nearest 10
meters.

(b) Determine the trial range to burst
(Rp (trial)) by interpolation in table B. From
page 120 (launcher-target range 31,400 meters),
interpolation is made in column 8 between heights
of target relative to launcher, column 2, for a
HIGH height of burst relative to target, column 1.
Interpolate between +100 meters and +200
meters as follows:

H: Rs

200 80945
100 | 150 | -5
[ ]50 X[ ]
100_J 30950
50\ _
=5 <100) =

50 X
00 =5 T

Therefore, the Rz corresponding to Hp +150
meters and range 31,400 meters = 30,950.0 — 2.5
= 30,947.5 meters. Since this value was obtained
at an entry range of 31,400 meters, a change must
be computed for the —100 meters of range. This
is accomplished by use of the m/100m factor in
column 4 of table B. Enter the table at the nearest
100-meter Hr (+200 meters) and obtain the
corresponding m/100m factor (+103 meters).
This factor represents the number of meters neces-
sary to change the Rz for a 100-meter change in
launcher-target range. Compute the change in
Ry corresponding to the —100 meters of range
as follows —100/100 x 103 = —103.0 meters.
Algebraically add this value to the Ry already
computed for range 31,400 meters and Hy +150
meters (30,947.5 meters) and obtain the trial Ry
of 30,844 meters (80,947.5 — 103.0 = 30,844.5
or 30,844 meters). Enter this value in the Rjp
(trial) space of the ADDENDUM COMPUTA-
TIONS section.

(¢) The height of burst relative to the
launcher (Hg) is determined from the same page
as trial Rg. Interpolation is made in column §
between heights of target relative to launcher,
column 2, for a HIGH height of burst relative

-2.5
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to target, column 1. Interpolate between +100
meters and +200 meters as follows:

He Hp

200 1438
100| 150 ? 100
]50 x[

100 1338

50 _ X v 100 (30 -
100 —morx = 100 (100) = 50

Therefore, the Hy corresponding to Hr of +150
meters = 1338 + 50 = 1,388 meters. Enter this
value in the Hp space of the ADDENDUM COM-
PUTATIONS section.

(d) The height of burst above target must
now be computed in order to determine the ap-
plicable line of the met message. Algebraically
subtract Hr (Im) (+150 meters) from Hjy
(+1,388 meters) to obtain the height of burst
above target (+1,288 meters). Enter this value
in the HOB above Tgt space of the ADDENDUM
COMPUTATIONS section.

(e) Determine the applicable line number
of the met message by entering table A, page 7,
with the height of burst above target (+1,238
meters). The line number is 03, and the data
from line 03 in the current met message are 03
49 14 019 945. Enter these data in the Line Nr.
Wind Az, Wind Vel, Temperature, and Density
spaces of the ADDENDUM COMPUTATIONS
section.

(f) Determine the height of the target
with reference to the MDP. From group 4 of the
introduction of the current met message, deter-
mine the altitude of the meteorological datum
plane (MDP) to be 3860 meters. Subtract the
altitude of the MDP from the altitude of the
target (+601 meters) to obtain the height of the
target with reference to the MDP ( +241 meters).
Enter this value in the Alt Diff space of the
ADDENDUM COMPUTATIONS section.

(g) Correct the air density from line 03
of the met message for the difference in altitude
between the target and the MDP. Enter the Air
Density Corrections table on page 3 with the
height of the target with reference to the MDP
expressed to the nearest 10 meters (+240 meters)
and determine the air density correction to be
—2.4 percent. Enter this value in the Density
Correction space and subtract the value from the
density (94.5 percent) to obtain the corrected
density (92.1 percent). Enter this value in the



Corrected Value space of the ADDENDUM COM-
PUTATIONS section.

(k) Determine the chart direction of the
wind by subtracting the azimuth of fire from the
azimuth of the ballistic wind, adding 6,400 mils if
necessary. Enter the computations in the ap-
propriate spaces in the ADDENDUM COMPUTA-
TIONS section.

Azimuth of ballistic wind

(nearest 100 mils) 4,900 mils
6,400 mils
11,300 mils
Azimuth of fire (nearest 100
mils) — 6,300 mils
Chart direction of ballistic
wind 5,000 mils

() Convert the ballistic wind data to
range and cross wind components. Enter the
Correction Components of a One Knot Wind table
on page 2 with the chart direction of the wind
(5,000 mils) to obtain—

Cross wind correction component

Range wind correction component

L.98
H.20

The ballistic cross and range winds are the pro-
ducts of the wind velocity from line 038 of the met
message (14 knots) and the correction compon-
ents just determined. Hence,

Ballistic cross wind = L.98 X 14 = L14
knots
Ballistic range wind = H.20 X 14 = H3
knots

Enter these computations in the CROSS WIND
and RANGE WIND blocks of the ADDENDUM
COMPUTATIONS section.

(7) A correction to azimuth (deflection)
must be applied to compensate for the ballistic
cross wind. Enter table B (launcher-target range
= 31,400 meters, height of burst relative to target
= HIGH, and Hr = +200 meters) and determine
the correction for a ballistic cross wind of 1 knot
(colm 10) to be 0.23 mil. The correction for a
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cross wind of L14 is L14 X 0.23 = L3 mils. Enter
the correction in the Df Corr space of the CROSS
WIND block. This correction must be included in

the total correction in computing the deflection
to be fired.

(k) Determine the met corrections to trial
R: to compensate for nonstandard conditions of
ballistic air density and ballistic range wind.
Compare the known conditions of ballistic air
density and ballistic range wind with the standard
conditions to determine the variations from
standard. Enter columns 6 and 8 of table B
(launcher-target range = 31,400 meters, height
of burst relative to target = HIGH, and Hy =
+200 meters) to determine the unit correction
factors. Then multiply the factors by the varia-
tions from standard and algebraically sum the
products to determine the total correction to trial
Rs. Enter the computations in the appropriate
spaces in the BALLISTIC FACTORS block as
shown in figure 3-5.

(I) Determine the corrected range to burst
(R: (corr)). Algebraically add the met correction
to Rz (—71 meters) to the Ry (trial) (30,844
meters) to obtain the corrected range to burst
(80,778 meters). Enter this value to the nearest
meter in the (1m) space and to the nearest 10
meters in the (10m) space of the R (corr)
block.

Note: All subsequent computations are made on the
reverse side of DA Form 6-56. At tht top of the form,
enter the following values that were computed on the front
side of the form:

Firing table entry range (Rn (corr))

(nearest 10 meters) 30,770 meters
Firing table entry height of burst
(Hn) (nearest 10 meters) +1,390 meters
Altitude of launcher 451 meters
Azimuth of fire 6,273 mils
Latitude of launcher (nearest 10°) 30° N
Deflection correction (adden) L3 mils

(5) Orienting angle. In the INITIAL LAY-
ING DATA block, enter the azimuth of the

BALLISTIC Variation Rg Corr
FACTORS Std |Known | from Std | Unit Corr +/-
Density 00% [92.4 DI 79| -12.3 -q7.2
Range Wind OKn|H3 [T 3 | 8.8 +20.Y%
[ Met Corr to Rg (Tria) % 70.8

Figure 8-5. Meteorological corrections to trial range to burst ( sample migsion 2).
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orienting line (1,721 mils), add 6,400 mils, sub-
tract the azimuth of fire (6,273 mils), and obtain
the value of the orienting angle (1,848 mils).

g. The trial QE is determined by entering table
G of FTR 762-G-1 with the range to the nearest
200 meters and obtaining the elevation from col-
umn E2 corresponding to the firing table entry
height of burst (Hg) in column E1.

(1) In this example, to obtain the elevation
(colm E2) corresponding to the launcher-target
range of 30,770 meters, enter table G at range
30,800 meters and HOB relative to launcher
+1.300 meters (colm E1). The elevation for an
HOB of +1,300 meters is 640.1 mils. To find the
elevation for an HOB of +1,390 meters, inter-
polate between + 1,300 meters and + 1,400 meters
HOB as follows:

HOB EL
1400 642.6
100 ] 1390 ? 2.6
[ x[_
1300 640.1

90 X B 90\ _
W——z—sorx = 2.5 (1—00—> = 2.25

Therefore, the elevation corresponding to HOB
+ 1,390 meters and range 30,800 meters = 640.10
+ 2.25 = 642.35 mils.

(2) Since this elevation was obtained at an
entry range of 30,800 meters, an elevation change
must be computed for the —30 meters of range.
This is accomplished by use of the c factor in
column E3 of table G. Enter the table at the
nearest 100-meter HOB (+1400) and obtain the
corresponding ¢ factor (+3.4). Compute the ele-
vation change corresponding to the —30 meters
of range as follows: —30/100 X 3.4 = -1.02
mils. Subtract this value from the elevation al-
ready computed for range 30,800 meters and HOB
+1,390 meters (642.35) and obtain the trial QE
of 641.3 mils (642.35 — 1.02 = 641.33 or 641.3
mils). Enter this value to the nearest mil in the
QE (trial) space of the INITIAL LAYING DATA
block and to the nearest tenth mil in the QE
(trial) space at the bottom center of the form.

(3) Transmit the initial laying data to the
firing section:

(a) Azimuth of the orienting

line 1,721 mils
(b) Azimuth of fire 6,273 mils
(¢) Orienting angle 1,848 mils
(d) Trial QE 641 mils

3-16

h. The trial time of flight (TF) is determined
in the same manner as the trial QE.

(1) Enter table H of the firing table with the
same range (30,800) and HOB (+1300). Deter-
mine the time of flight corresponding to 30,800
meters and HOB +1,390 meters by interpolation
as follows:

HOB TP
1400 76.61
100( 1390 ? -0.07
90 X
1300:| [76.68
90 X _ 0\ _ _

Therefore, the time of flight corresponding to
HOB +1,390 meters and range 30,800 meters is
76.617 seconds (76.680 — 0.063 = 76.617 sec-
onds).

(2) As with the trial QE, a time of flight
change must be computed for the decrease of 30
meters in range. This is accomplished by use of
the t factor in column T3 of table H. Enter the
table at the nearest 100-meter HOB (+1400)
and obtain the corresponding t factor (.43). Com-
pute the time of flight change corresponding to
the decrease of 30 meters as follows: —30/100 X
0.43 = —0.129 seconds. Subtract this value from
the time of flight computed in (1) above (76.617)
to obtain the trial time of flight of 76.49 seconds
(76.617 — 0.129 = 76.488 or 76.49 seconds). En-
ter this value in the TF (Trial) space in the lower
right-hand corner of the form.

i. The data from the met message must be re-
duced to a form that can be used in computing
corrections to trial QE, trial TF, and deflection
to compensate for nonstandard meteorological
conditions.

(1) Enter the data from the heading of the
met message in the appropriate spaces on the
form.

(2) Enter table A with the trial QE of 641
mils and find the line number applicable to this
particular fire mission (10).

(3) The data from line 10 (uncorrected for
the difference in altitude between the launcher
and the MDP) are 10 57 30 102.8 94.9. Enter
these data in the appropriate spaces on the form.

(4) Correction must be applied to compen-
sate for the difference in altitude between the
launcher and the MDP. First determine the dif-



ference in altitude between the launcher and the
MDP, using the spaces on the left side of the
form directly beneath the QE (Trial) space.

Altitude of launcher (451)
to nearest 10 meters
Minug altitude of MDP
Difference (launcher
above MDP)

Next enter table B at the height of the launcher
with reference to the MDP (+90 meters) to ob-
tain a correction to air temperature of —.2 per-
cent and a correction to air density of -—.9
percent. Apply these corrections to the air tem-
perature and density recorded from line 10 of
the met message.

450 meters
— 360 meters

+ 90 meters

Temperature Density
102.8 94.9
- 02 - 0.9
Corrected 102.6 94.0

Record the corrected data in the appropriate
spaces on the form.

j. Surface air pressure measured with a barom-
eter at the firing position (961 millibars) must
now be converted to a percent of standard air
pressure. Enter table C with 961 millibars to
obtain 94.8 percent.

k. The met message is now applicable to the
firing problem being solved; but, before actual
corrections can be determined for existing mete-
orological conditions, the ballistic wind data must
be reduced to cross wind and range wind com-
ponents.

(1) Determine the chart direction of the bal-
listic wind by subtracting the azimuth of fire
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from the azimuth of the ballistic wind, adding
6,400 mils if necessary.
Azimuth of ballistic wind 5,700 mils
+ 6,400 mils
=12,100 mils
Azimuth of fire (6273 to
nearest 100 mils) — 6,300 mils
Chart direction of ballistic
wind = 5,800 mils

(2) Using this chart direction, enter the
“Correction” Components of a Unit Wind table
(table E, page 14) to obtain—

Cross wind correction component
Range wind correction component

The ballistic cross and range winds are the prod-
ucts of the wind velocity from line 10 of the met
message (30 knots) and the correction compo-

nents just determined. Hence,
Ballistic cross wind = L.56 X 30 = L17 knots
Ballistic range wind H.83 x 30 = H25
knots

(3) A correction to deflection must be ap-
plied to compensate for the ballistic cross wind.
Enter table F (range = 31,000 meters) and de-
termine the unit correction factor for a ballistic
cross wind of 1 knot (colm 11) to be 0.68 mil. The
correction for a cross wind of L17 is L17 X 0.68
= L12 mils.

l. Corrections to QE and TF must be applied
to compensate for nonstandard conditions of ma-
teriel and weather.

(1) First, compute variations from stand-
ard of all met and ammunition data and enter
the variations from standard in the Variation
from Std column of the BALLISTIC FACTOR
block of the form as shown in figure 3-6.

FsacLisTic Variation
FACTORS Std Known from Std
Propellant _57 ° Decrease 57
Temperature 77°F 19 |01 1
Propellant Weight b|-11.3D1 11.3
Surface Pressured] 00%|IQ q4.8lP1 5.2
Density 100% | 94.0)@1 b0
Air Temperature||00%|5°F (102.6100 2.6
Empty Weight | 2630 1b[{2650LF0Q 206
ﬁange Wind |OKn [Q Hz25 0T 25

Figure 8—6. Ballistic factors and variations from standard (sample mission 2).
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Note: In this sample mission the propellant temperature
is in the range 20° F to —30° F (observed temperature
19° F). Because of the large decrease from the standard
temperature of 77° F, a different procedure for deter-
mining the correction for prepellant temperature is
required. This procedure is explained in (4) below.

(2) Next, determine the unit corrections to
QE and TF by entering the tables G and H at
range 30,800 meters and height +1,400 meters.
The column chosen to obtain a unit correction for
a variation from standard conditions depends on
whether the variation is an increase or a de-
crease. Record each unit correction in the appro-
priate column of the BALLISTIC FACTORS
block.

(3) Multiply each unit factor ((2) above)
by the corresponding variation from standard
((1) above) and record each product in the ap-
propriate column (+ or —) of the BALLISTIC
FACTORS block. Algebraically sum the products
to determine the total met corrections to QE and

TF. Sample computations are shown in figure
3-1.

(4) The procedure for determining the cor-
rections for the decrease in propellant tempera-
ture is as follows:

(a) First, enter columns E5 of table G
and T5 of table H to obtain the corrections to
QE (+20.50 mils) and TF (+1.640 seconds) to
compensate for a 57° F decrease in propellant
temperature from 77° F to 20° F.

(b) Next, enter columns E6 of table G

and T6 of table H to obtain the unit corrections
applicable in the range 20° F to ~30° F. Use
these corrections in the usual manner to obtain
corrections for the decrease in propellant tem-
perature from 20° F to the observed value.

(¢) Finally, add the corrections deter-
mined in (a) and (b) above to determine the
total corrections to be applied to QE (+20.50
mil + 0.47 mil) and TF (+1.640 seconds +0.084
second) for the decrease from 77° F to the ob-
served propellant temperature (19° F).

(5) Record the QE correction (+15.93) to
the nearest tenth mil (+15.9) in the appropriate
column of the QUAD ELEV block and the TF
correction (+1.204) to the nearest hundredth
second (+1.20) in the FUZE SETTING block.

m. Corrections to deflection must be applied
to compensate for rotation of the earth and drift
of the rocket during burning phase.

(1) Enter table I with the latitude to the
nearest 10° (30° N), azimuth of fire to the near-
est 400 mils (0/6,400 mils), and range to the
nearest 2,000 meters (30,000 meters). The cor-
rection for rotation of the earth is L1 mil.

(2) Enter table J with the range to the near-
est 1,000 meters (31,000 meters) and propellant
temperature to the nearest 10° (20° F'). The drift
correction is R7 mils.

(3) Assuming an aiming point deflection of
1,437 mils and combining the addendum deflec-
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BALLISTIC + _ |lYnit Corr || Voriation || Unit Corr + -
FACTORS to QE from Std i to TF i
Propellant | 20-50 U@ 57 7440 1777
Temperature o. 47 +0.47 |®1 i 4+ .034 |0.034 /
Propellant Weightl 10.47 +0.90 @1 i1i.3| +.073 |0.825
Surface Pressure / dil —0.79 [©I B.2| - .0b%¥ 0.333
Density /459[9 =7.bl @1 b.0- .750 4.500
Air Temperature|| 7.12 +2.74 |[0® 2.b|+ .230 |0.598
Empty Weight || &6.2¢4] _— |+ 0.24 |o® 26 | +.015 |0.390
Range Wind  ||21.80| _— |+ 0.8b |BT 25 |+.102 |2.550 |
L gﬁ.gg 50.07// //////// ///////// Z:gg'; 4.833
mg———‘ Met Corr to QE/EJ//}/i ///1.201{

Figure 8—7. Meteorological corrections to quadrant elevation and time of flight
(sample mission 2).



tion correction (L3 mils) (f(4) above) and the
correction for a cross wind (L12 mils) (k (3)
above) with the corrections for rotation of the
earth (L1 mil) and drift (R7 mils), the cor-
rected deflection is 1,446 mils (1437 + 3 + 12 +
1 — 7 = 1,446 mils).

n. Corrections must be applied to QE and TF
to compensate for the rotation of the earth.

(1) Enter table K at range 30,000 meters
and azimuth 6,200 mils and extract the QE cor-
rection of +1 mil and TF correction of 0 seconds.

(2) Multiply the corrections by the correc-
tion factor for 30° N latitude.

QE correction = +1 x 0.87 = 0.87 or 0.9 mil

TF correction = 0 X 0.87 = 0 seconds

(3) Record the QE correction in the QUAD
ELEV block and the TF correction in the FUZE
SETTING block.

o. The total corrections to QE and TF are the
sums of the corrections for nonstandard condi-
tions of weather and materiel and the correc-
tions for rotation. Thus, the total QE correction
= +15.9 (met correction) +0.9 (rotation correc-
tion) = +16.8 mils; the total TF correction =
+1.20 (met correction) + 0 (rotation correc-
tion) = +1.20 seconds. Add these corrections to
the trial QE and the trial TF to determine the
corrected QE and corrected TF.

Corrected QE = 641.3 + 16.8 = 658.1 mils

Corrected TF = 76.49 + 1.20 = 77.69 or 77.7
seconds

p. A correction to TF must be applied to com-
pensate for a bias in the M421 timer. Add the
correction shown in table L (+0.2 second) to the
corrected TF to determine the fuze setting to be
fired (77.7 + 0.2 = 77.9 seconds). The following
fire commands can now be sent to the firing
section:

Deflection 1,446 mils
Time 77.9 seconds
Quadrant elevation 658.1 mils

g. Corrections to deflection and quadrant ele-
vation must be applied to compensate for low-
level winds. The cross wind (R8 mph) and range
wind (H4 mph) are obtained from the wind
speed indicator of the wind measuring set.

(1) Since the conditions are ALLL OTHER
THAN NIGHTTIME, table M-1 is used for deter-
mining the correction factors. The corrected QE
to the nearest mil (658) is not listed in table M-1;
therefore, the correction factors must be deter-
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mined by interpolation between QE 650 and QE
660.

(a¢) By interpolation, determine the de-
flection correction factor of 3.52. To determine
the deflection correction, multiply the correction
factor by the cross wind: 8.562 X R8 = R28.16 or
R28 mils.

(b) By interpolation, determine the eleva-
tion (head wind) correction factor of +1.73. To
determine the elevation correction, multiply the
correction factor by the range wind: +1.73 x H4
= +6.92 or +6.9 mils.

(2) To determine the deflection and QE to
be fired, add the low-level wind corrections to the
corrected deflection and corrected QE.

Deflection fired = 1,446 + (—28) = 1,418

mils

QE fired = 658.1 + 6.9 = 665.0 mils

3-7. Sample Mission 3: MGR-TA Rocket With
M144 Warhead

In this sample mission, an MGR-1A rocket with
M144 HE warhead is to be fired from an M386
launcher. This combination requires the use of
FTR 762-F-1 and FTR 762-ADD-A-1 for man-
ual firing data computations. The propellant tem-
perature is in the range 77° F to 120° F, the
low-level wind is measured with an AN/PMO-6
windset, the conditions are ALL OTHER THAN
NIGHTTIME, and the surface pressure is meas-
ured with a barometer at the firing site.

a. The following call for fire is received in the
FDC:
THIS IS FIREPOWER 3
FIRE MISSION
LONG SHOT
ONE LAUNCHER
FIRING POSITION NUMBER 4
TARGET NUMBER NA2127
TARGET GRID NP3156439611
TARGET ALTITUDE 393 METERS
ROCKET MGR-1A
WARHEAD M144
FUZE TIME/HEIGHT OF BURST LOW
ONE ROCKET
TIME ON TARGET 2330
TIME ON TARGET NO LATER THAN
2350

b. The S3 issues the following fire order:

LONG SHOT BRAVO
LAUNCHER NUMBER 3
FIRING POSITION NUMBER 4
TARGET NUMBER NA2127
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¢. The following warning order, based on the

call for fire and the S8’s fire order, is sent to the
firing section:

LAUNCHER NUMBER 3

FIRING POSITION NUMBER 4

ROCKET MGR-1A

WARHEAD M144

FUZE TIME

ONE ROUND, AT MY COMMAND

TIME ON TARGET 2330

d. All known values are entered on the Com-
puter’s Record Data Correction Sheet, DA Form
6-56 (fig 3-8 @ and ().

(1) Target coordinates NP3156439611.
(2) Target altitude 393 meters.

(3) Launcher coordinates NP4884235369.
(4) Launcher altitude 448 meters.

(5) Azimuth of orienting line 1,258 mils.
(6) Empty weight 3,840 pounds.

(7) Propellant weight 2,049 pounds.

(8) Propellant temperature 78° F.

(9) Latitude of launcher 34° N.

(10) Surface air pressure (barometer) 988
millibars.

(11) Launcher aiming point deflection 1,462
mils.

e. The FDC receives the following ballistic met
message:

METB31 344982
010400 036972
000320 973000
010233 971001
026429 970004
036436 967003
046337 967003
056234 967002
066034 966002
075933 965999
086033 963999
096032 961997
105936 961993

f. Initial data to lay the launcher are computed
and recorded on the computer’s record data sheet.

(1) Bearing. Compute and record the bear-
ing as outlined in paragraphs 3-5f(1) and
3-6f(1): 1,354.8 mils.

(2) Azimuth of fire. Compute and record the

azimuth of fire as outlined in paragraphs 3-5f(2)
and 3-6f(2) : 5_,045 mils.
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(3) Launcher-target range. Compute and re-
cord the launcher-target range as outlined in
paragraphs 3-5f(3) and 3-6f(38): 17,791 meters.

(4) Second trajectory (ADDENDUM) com-
putations. Since this example includes second
trajectory computations, FTR 762-ADD-A-1 is
used to determine the corrected range to burst
(Rs (corr)), the height to burst relative to the
launcher (Hg), and the addendum deflection cor-
rection (df corr (adden)).

(a) Determine the height of target rela-
tive to the launcher (H;). Subtract the altitude
of the launcher (448 meters) from the altitude
of the target (893 meters) to obtain the height
of target relative to the launcher (—55 meters).
Enter this value to the nearest meter in the (1m)
space and to the nearest 10 meters (—60 meters)
in the (10m) space of the Ht of Tgt Rel Lchr=

Hr block. =

(b) Determine the trial range to burst
(Rg (trial)) by interpolation in table B. From
page 86 (launcher-target range 17,800 meters),
interpolation is made in column 38 between heights
of target relative to launcher, column 2, for a
LOW height of burst relative to target, column
1. Interpolate between —100 meters and 0 meters
as follows:

HT RB
0 17045
100 —-60 ? -
[ Je [l
-100 17053
40 X _ 40\ _ _

Therefore, the Rz corresponding to H, —60
meters and range 17,800 meters = 17,053.0 —
3.2 = 17,049.8 meters. Since this value was ob-
tained at an entry range of 17,800 meters a
change must be computed for the —10 meters of
range. This is accomplished by use of the m/100m
factor in column 4 of table B. Enter the table at
the nearest 100-meter H;y (—100 meters) and
obtain the corresponding m/100m factor (+103
meters). Compute the change in Ry correspond-
ing to the —10 meters in range as follows: —10/
100 X 103 = -10.3 meters. Algebraically add
this value to the Rg already computed for range
17,800 meters and Hy —60 meters (17,049.8
meters) and obtain the trial Rs of 17,040 meters
(17,049.8 — 10.3 = 17,0389.5 or 17,040 meters).
Enter this value in the Ry (Trial) space of the
ADDENDUM COMPUTATIONS section.



COMPUTER'S RECORD DATA CORRECTION SHEET (FREE ROCKET)

For uso of this form, seo FM 6-40-1, tho proponant ogency is U.S. Continental Army Command.

UNIT tchr Lat (N)Time and Dote Fired min  FPC 20] o |TotNe NA 2127
3/2 | 34 °92330 31AUG70cc FiC 263 d[Rumir SN 1672
[COMPUTATION OF RANGE AND BEARING| dE +
FIRE MISSION Tot dN+
coord| F |56 39611 °.
FIREPOWER 3 ¢wm,|[ienr ; +Bearing
Unit Lehr (s) Coord 48842 35369 dE+
to Firem_, to Fire ’ € N@ dN -~
FP Nr , Tgt Nr s d¥&17278/9"% 4042| 3200 | 3200
Tgt Grid , BEARING + Bearing! - Bearing
Tqt Ait m, Type Rkt = AZIMUTH
o b1ad b fort LW, [t | % 237F9F |-
Total Nr Rkts ’ * 3200 o
1012330 , ToT N T2350_, E‘;ﬂ,’i;‘,Z 0 .60222 2 6400 e400
Remorks Bearln £3:2 L Beoring é I 355 ﬂ‘
Az of
FIRE ORDER dE Greater than dN Fire 5045 o
Unit Log dE . 2 ;ﬁ
tomf-'irew, LehrNr_ 3 {[CogSinB |- @, 9 4_31_ TQOAB”REL 10 LCHR/m
FpNe__ 4 ot NeNAZIRT |[LoaRg 4-25% 2] HOB rel |4 /
Ronge dN Greohlar71‘hon d/E > fo Tat x» =
WARNING ORDER 1,@ Tog aN —— Alt of .
Lehr Nr ,FP +|[Cog Cos B [= _—" Burst y m
Tgt Nr @ »|[Cog Rg_ Alt of _
Whd HOB_______, z mlehr m
TO%_—Q_ﬂ?Pred.TOF , ';*OE r z "
ﬁﬁ z »{| Computation * * Ho e:
r Rkts per Lchr .||Range (10 m) [7, 2 EQ m| 4 l_crhr tom) m
ADDENDUM COMPUTATIONS
Alt Tgt 393m Hg + !l 5 m |RB{Trion) 17040~
Alt Lehr -448m He Gm) — _gs— et CorrtoRg (& 8O m
Ht of Tgtrel () =—55 mMi{Ho. _ RB(Corr) SLIEL J7l20m
Lchr—HT“om) =—60 m || obove Tgt '+I24.0 m tlom) |- l7/20m
Line Nr [ Wind Az | Wind Vel | Temperoture Density Wind Az (100 ) & 400~
01316141316 1916]17 |0 |0 |3 |[+6400if nec) &
Alt Tot %93 m|[ Density Correction - O | & [|Sum = 6400~
Alt MDP |- 360 m c P i Az of Fire 100n) |~ 50000
At Diff | + 33 m orrected Volue )1 ) | O | O |[cnart Dir of Wind [= | 400
CROSS L L L
WIND ®iS_x16_=®§5_x_-_5_3_ =®_‘.9__n( Computotions ;
Comp Vel Unit Corr Df Corr ‘
RANGE
WIND @__'_2_0._)(_16__ =®__Z___Knots
Comp Vel
BALLISTIC Voriation Rg Corr | ]
FACTORS Std |Known | from Std | Unit Corr +/- |
Density 100% 100.0/° T 0.0 ‘
JRonge Wind OKn|H7Z T7 (+i1l.4] +7.%
Met Corr to Rg (Trial) @ '7q. 3
@(Tﬂ‘qf} }
1705 3 +(40/100)(-8) = 1 705 30-3/=17049.§ |
:4 70493+ (=/0/100)(103) = | 7044.8-10% = 17039.5=/7040
45 + (4-0/100)(100) = 1|45 +40 = |I85
**See FM 6-40-1A

DA 563 6-56

REPLACES EDITION OF 1 JUL €1. AND DA FORM 2256-1.R, | JAN 62. WHICH ARE OBSOLETE
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Figure 3-8®. Computer’s record data correction sheet (Free Rocket), DA Form 6-56 (front) (sample mission 8).
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Firing Table Entry R {(lom) Firing Table Entry Helght of Burst (10 m)
Clo::rl:g R:ngee orrl 'raya (?:?r?) " 17120 m Hcr)lggre;:toeLc:rr:r :Iag tof Burst 'f'ml 180 m
Cenrr H48  m|Fier 5045 Lo (10930  Hladen®__ 19 o
Initicl Laying Datc™® Com?tohons (QE(Trial), TF(Trial), ond SurfacePressure):
®az of OL 12584 KRE_ =
+6400 it nec) |+ 6400 ]| 5/8.0 +(8%0a)(L) = 515.0044.80= 52280
Sum : PL58 522.804(2%00)(3.5) = 522.80t0.-70=523.50-5235
*Az of Flre -5045| +&
Ditterence = 2k18 : 4240 +(8%06)(0.0) = 42.400+0.000=42.400
-3200 (if nec) |— = -
20 A1) = 42, 10.082= 42 482 = 4248
*Orienting Angle |= 2L, /8 of 424”( V100) (O LH) 12 ‘*OO #2482
*QE (Triol) (1nf)] 524 rf|| Surtoce Pressure = 258 mb = %
Alt Lchr (10m) 450 m|| Met Station |Use [Type|Oct| Latitude Longltude
ait MoP (lom) |- 3L0Om||M [E [T [B[3[1 (3[4 [4[q9]8]2
Lch,@%\@mop + 90m Doy B.Time | E.Time | Altitude MDP | Sur. Press.(MDP)
elow
. oll (o] |ofz2lo]|3]k]9]n]2
iz;f er(\:(IOOr;O £0004 Line Nr Wind Az | Wind Vel Tempercture Density
e syl e b [ o[ t#[albblolol2
Az of Fire (10090~ 5000 Density -Temperature Corr : o\l 2 - le) 9
Chort Dir of Wind |= /O OO Corrected Values 93 [ 1o ler| 919 | 3
C
WIND® xﬁ-@-ﬂ.x_‘iﬂ_ é_l_n( @?NNSE@ -5b _x 39 -@ 22  «n/mph
Comp Vel Unit Corr Comp Vel
BALLISTIC l + _ [ unit Corr [ Variation JUnit Corr + _
FACTORS Std Known | i to QE |]from Std to TF I
Propellant ° Decrease I 4% 77
Temperature 77°F 78 0.391-0.39 od | ~0.01b 0.0k
Propellant Weigh 2050 Ib|2049] 0.42 +042 ®1 1| |4+0.026 |0.026| —|
SurfacePressurd|Qo7liosmy 988 1.b2]-0.0605 ! 25 |-0.0042 0.]105
Density 100% | 99.3 2.18]-32.11 [t 0.7} 0.26b 0.18b
- JAir TemperatureIQBF|59°F | 40 2.6b]-0.14 101 ;9 |-0.009 0.17]
Empty Weight | 3850 iv|3840 1.10)-0.11 @1 /o _0.006 0.0b0
Range Wind omph|H 22 1 7.92 +0.3b +6.040 |0.880
8.34 ?.95 0.90b0.538
DEFLECTION L R .95 / ¢ t/o/{/{/ﬁ/o.z33
Df Corr (Adden) 19 lo-39 3t///?/'/'//° J 0.3L8
Cross Wind Corr 18 QUAD ELEV FUZE SETTING
Rotation Corr ] + - + -
Drift Corr o.4 Met Correction 0.37
| 22 1).7 Rototion Correction 0-00
|
Total Df Corr 3/ | 2.1 Total QE & TF Correction |©O.37
LLW | CROSS o RANGE H+
CORR | (Df) (RD37 x .00 - gr222 | ey 1 x238 - @24
Vel Unit Corr LLW Vel Unit Carr LLW

Aiming Paint Df L2 QE (Trial) (O.1nf) 523.6 |[TF(Trianto.on 248
Df Correction L@ 3| QE Correction |@ 2.1 [[TF Correction (@ 0.3

Of (Corrected) 1431 QE (Corrected) 525. b | TF(Correctedl.]) H2.8
Low Level Wind [UR 222 Low Level Wind | & 2.4 ||Fuze Corr P 5.2

Of FIRED 653 QE FIRED 523.2, FS FIRED 4320

Figure 8-8®. Computer’s record data correction sheet (Free Rocket), DA Form 6-56, (reverse) (sample missior. 3).
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(¢) The height of burst relative to launcher
(Hg) is determined from the same page as trial
Ry. Interpolation is made in column 5 between
heights of target relative to launcher, column 2,
for a LOW height of burst relative to target, col-
umn 1. Interpolate between —100 meters and 0
meters as follows:

H-r HB
1246
100 -60 ? 100
[ o x[ ]
~100 1145

40 X 40
100 = 100 or X = 100 (100) = 40

Therefore, the Hyz corresponding to Hy of —60
meters = 1145 + 40 = 1,185 meters. Enter this
value in the Hjp space of the ADDENDUM COM-
PUTATIONS section.

(d) The height of burst above target must
now be computed in order to determine the ap-
plicable line of the met message. Algebraically
subtract the Hy (1m) (—55 meters) from Hp
(+1,185 meters) to obtain the height of burst
above target (+1,240 meters). Enter this value
in the HOB above Tgt space of the ADDENDUM
COMPUTATIONS section.

(e) Determine the applicable line number
of the met message by entering table A, page 7,
with the height of burst above target (41,240
meters). The line number is 03, and the data
from this line in the current met message are
03 64 36 967 003. Enter these data in the Line
Nr. Wind Az, Wind Vel, Temperature, and Den-
sity spaces of the ADDENDUM COMPUTA-
TIONS section.

(f) Determine the height of the target
with reference to the MDP. From group 4 of the
introduction of the current met message, deter-
mine the altitude of the meteorological datum
plane (MDP) to be 360 meters. Subtract the alti-
tude of the MDP from the altitude of the target
(+393 meters) to obtain the height of the target
with reference to the MDP (+33 meters). Enter
this value in the Alt Diff space of the ADDEN-
DUM COMPUTATIONS section.

(g) Correct the air density from line 03 to
the met message for the difference in altitude
between the target and the MDP. Enter the Air
Density Corrections table on page 3 with the
height of the target with reference to the MDP
expressed to the nearest 10 meters (+ 30 meters)
and determine the air density correction to be
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—0.8 percent. Enter this value in the Density
Correction space and subtract the value from the
density (100.3 percent) to obtain the corrected
density (100.0 percent). Enter this value in the
Corrected Value space of the ADDENDUM COM-
PUTATIONS section.

(%) Determine the chart direction of the
wind by subtracting the azimuth of fire from the
azimuth of the ballistic wind, adding 6,400 mils
if necessary. Enter the computations in the ap-
propriate spaces in the ADDENDUM COMPU-
TATIONS section.

Azimuth of ballistic wind

(nearest 100 mils) 6,400 mils
Azimuth of fire (nearest

100 mils) —5,000 mils
Chart direction of ballistic

wind 1,400 mils

(?) Convert the ballistic wind data to
range and cross wind components. Enter the Cor-
rection Components of a One Knot Wind table
on page 2 with the chart direction of the wind
(1,400 mils) to obtain—

Cross wind correction component
Range wind correction component

R.98
H.20

The ballistic cross and range winds are the prod-
ucts of the wind velocity from line 03 of the met
message (36 knots) and the correction compo-
nents just determined. Hence,

R.98 x 36 = R35
knots

H.20 x 36 = H7
knots

Enter these computations in the CROSS WIND
and RANGE WIND blocks of the ADDENDUM
COMPUTATIONS section.

(7) A correction to azimuth (deflection)
must be applied to compensate for the ballistic
cross wind. Enter table B (launcher-target range
= 17,800 meters, height of burst relative to
target = LOW, and H;y = —100 meters) and
determine the correction for a ballistic cross
wind of 1 knot (colm 10) to be 0.53 mils. The
correction for a cross wind of R35 is R35 x 0.53
= R19 mils. Enter the correction in the Df Corr
space of the CROSS WIND block. This correc-
tion to deflection must be included in the total
deflection correction in computing the deflection
to be fired.

(k) Determine the met corrections to trial
Re to compensate for nonstandard conditions of
ballistic air density and ballistic range wind.

Ballistic cross wind =

Ballistic range wind =
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BALLISTIC Variation Rg Corr
| FACTORS Std |[Known | from Std | Unit Corr +/-
§ Density 100% (f00.0|D I 0.0
Range Wind OKn|H7 BT 7 Wit 4+ +.79.8

Met Corr to Ra (Trial) @

798

Figure 3—9. Meteorological corrections to trial range to burst (sample mission 8).

Compare the known conditions of ballistic air
density and ballistic range wind with the stand-
ard conditions to determine the variations from
standard. Enter column 8 of table B (launcher-
target range = 17,800 meters, height of burst
relative to target = LOW, and Hr = -100
meters) to determine the unit correction factor
for ballistic range wind. (No correction is re-
quired for ballistic air density since the varia-
tion' from standard is 0.) Then multiply the
factor by the variation from standard to deter-
mine the correction to trial R;. Enter the compu-
tations .in the appropriate spaces in the BAL-
LISTIC FACTORS block as shown in figure 3-9.

(1) Determine the corrected range to burst
(Rs (corr)). Algebraically add the met correc-
tion to Ry ( +80 meters) to the Ry (trial) (17,040
meters) -to obtain the corrected range to burst
(17,120 meters). Enter this value in both spaces
((1m) and (10m)) of the Ry (corr) block, since
in this case the corrected range to burst is al-
ready expressed to the nearest 10 meters.

Note: All subsequent computations are made on the
reverse side of DA Form 6-56. At the top of the form,
enter the following values that were computed on the front
side of the form:

Firing table entry range (Ra (corr) 17,120 meters
(nearest 10 meters)
Firing table entry height of burst (Hz)

(nearest 10 meters)

+1,180 meters

Altitude of launcher 448 meters
Azimuth of fire 5,045 mils
Latitude of launcher (nearest 10°) 30° N
Deflection correction (adden) R19 mils

(5) Orienting angle. In the Initial Laying
Data block, enter the azimuth of the orienting
line (1,258 mils), add 6,400 mils, subtract the
azimuth of fire (5,045 mils), and obtain the value
of the orienting angle (2,613 mils).

g. Coinpute and record the trial quadrant ele-
vation.

(1) Enter table C, FTR 762-F-1, and inter-
polate as follows:
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HOB _ EL
1200 524
IOOI: 1180 ? 6
80 X
1100:] [ 518
80 X _ 80 \ _
m = T or X = 6(—_10()) = +4.80

Therefore, the elevation corresponding to HOB
+1,180 meters and range 17,100 meters = 518.00
+ 4.80 = 522.80 mils. Obtain the ¢ factor (colm
E3) at height +1,200 meters and range 17,100
meters and determine the trial QE: Trial QE =
522.80 + (20/100) (8.5) = 522.80 + 0.70 =
523.50 or 523.5 mils.

(2) Transmit the initial laying data to the
firing section.

(a¢) Azimuth of the

orienting line 1,258 mils
(b) Azimuth of fire 5,045 mils
(¢) Orienting angle 2,613 mils
(d) Trial QE 524 mils

k. Compute and record the trial time of flight.
Enter table D and interpolate as follows:

HOB TF
1200 | 42.4
100 | 1180 <~ ? |o
80 X
1100 ] L 42.4
80 _ X _ o (80 _
o5 = o T X = 0(100> 0.000

Therefore, the time of flight corresponding to
HOB + 1,180 meters and range 17,100 meters =
42.400 + 0.000 = 42.400 seconds. Obtain the t
factor (com T3) at HOB +1,200 meters and
range 17,100 meters and determine the trial TF':
Trial TF = 42.400 + (20/100) (0.41) = 42.400
+ 0.082 = 42.482 or 42.48 seconds.



1. All MGR-1A firing tables are based on the
ordnance standard (US) met and the ICAO at-
mosphere. Therefore, conversion of the ballistic
met to the US format is required before contin-
uing computations. All firing tables (and changes)
contain the tables required for this conversion.
The procedure, using change 8 to FTR 762-F-1,
is as follows:

(1) Enter the Line Number of Ballistic
Meteorological Message table (page 16, change 3)
with trial QE 524 to determine the line number
applicable to this particular fire mission (06).

(2) The data from line 06 of the ballistic
message are 06 60 34 966 002.

(3) The wind direction (6,000 mils) from
the ballistic met message is used without con-
version.

(4) The wind speed (34 knots) must be con-
verted to miles per hour. Enter the Conversion
of Knots to Miles Per Hour table (page 16.1,
change 3) to perform this conversion: 34 knots =
39 mph.

(5) The ballistic air temperature percent of
standard (96.6 percent of the ballistic met mes-
sage must be- converted to degrees Fahrenheit.
First, correct the air temperature percent of
standard to compensate for the difference in alti-
tude between the launcher and the MDP. The
difference is +90 meters (450 — 360 = +90
meters). Enter the Air Temperature, Air Den-
sity, and Surface Air Pressure Corrections table
(page 15, change 8) with this difference. In this
case, the air temperature correction is —0.2 per-
cent. Algebraically add the temperature correc-
tion to the air temperature percent of standard.
The corrected value is 96.4 percent (96.6 — 0.2 =
96.4). Next, enter the Conversion of Percent
Standard Temperature to Degrees Fahrenheit
table (page 16.2, change 3) to convert 96.4 per-
cent of standard to degrees Fahrenheit: 96.4 per-
cent = 40° F.

(6) The ballistic air density percent of stand-
ard (100.2 percent) of the ballistic met message
must be corrected. Again enter the Air Tempera-
ture, Air Density, and Surface Air Pressure Cor-
rections table (page 15, change 3) with the height
of the launcher with reference to the MDP (+90
meters). The air density correction is —0.9 per-
cent. Algebraically add this correction to the air
density percent of standard. The corrected value
is 99.3 percent (100.2 — 0.9 = 99.3). No further
conversion is required.

(7) Record the corrected. data in the appro-
priate spaces on the form.
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7. Since all MGR-1A firing tables are based on
the ordnance standard (US) met and the ICAO
atmosphere, the surface air pressure of 988 milli-
bars measured with a barometer at the launcher
does not require conversion to a percent of stand-
ard surface air pressure. Enter this value (988)
in the appropriate spaces of the Computations
space and BALLISTIC FACTORS block on DA
Form 6-56.

k. Before corrections can be determined for
existing meteorological conditions, the ballistié
wind data must be reduced to cross wind and
range wind components.

(1) Determine the chart direction of the
wind by subtracting the azimuth of fire from the
azimuth of the ballistic wind. (In this sample
mission, it is not necessary to add 6,400 mils.)

Azimuth of ballistic wind

(nearest 100 mils) 6,000 mils
Azimuth of fire (nearest

100 mils) —5,000 mils
Chart direction of ballistic

wind 1,000 mils

(2) Using this chart direction, enter the
“Correction” Components of a One Mile Per Hour
Wind table (page 12) to obtain

Cross wind correction component = R.83

Range wind correction component = H.56
The ballistic cross and range winds are the prod-
ucts of the wind velocity from line 03 of the met
message (39 mph) and the correction components
just determined. Hence, '

Ballistic cross wind = R.83 x 39 = R32 mph
Ballistic range wind = H.56 X 39 = H22 mph

(3) A correction to deflection must be ap-
plied to compensate for the ballistic cross wind.
Enter table A (range = 17,000 meters) and de-
termine the unit correction factor for a ballistic
cross wind of 1 mile per hour to be 0.40 mil. The
correction for a cross wind of R32 miles per hour
is R13 mils.

Ballistic Cross Wind R32 mph
Multiplied by Cor-- ’
rection Factor x 0.40

Equals Cross Wind 3
Correction = R12.8 or R13 mils

[. Determine and record the corrections to QE
and TF to compensate for nonstandard condi-
tions of materiel and weather. :

(1) Enter the known value for each ballis-
tic factor and compute the variations from stand-
ard as shown in figure 3-10.

"3 25
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BALLISTIC Variation
FACTORS Std Known ffrom Std

Propellant ° Decrease
Temperature 77°F

Propellant Weightl 2050 1b| 20491 1
ISurface Pressurd| Q2% I013mb 988 @1 25
Density 100% 94.3|01 0.7
Air Temperature[|QR%|59°F | 40 1 19
Empty Weight | 3850 Ib|3840]@1 10
Ronge Wind 7 lomph|H22 |BT 22

Figure 3—10. Ballistic factors and variations from standard (sample mission 3).

BALLISTIC + _ Unit Corr | Variation | Unit Corr +
FACTORS to QE from Std I to TF -
Propellant U A 4 Y
Temperature 0.39] -0.39|o@® 1 |-0.0iL 0.01b
Propeliont Weight§ O.4 2 +0-420@1 1 Ho.026 |0.026
SurfacePressur 1.2 -0.0bEI@I 25 |-0.004%2 0.105
Density 2.18| -3.11 |01 o0.7|-0.26L 0.186 |
Air Temperature 26|l —0.14 O1 19 |-0.009 0.171 |
Empty Weight 1.10| -o.112 @I 10 -0.00b o.owo |
Enge Wind 792 +0.36 (B +0.040 |0.880
: 5.4 7.95 7//////////////// porjome
224|155/ =
o33 Met Corr to QE & TF . 208

Figure 3—11. Meteorological corrections to quadrant elevation and time of flight
(sample mission 8).

(2) Enter tables C and D, part 2, with the
range and height of burst relative to the launcher
to the nearest 100 meters (range 17,100 meters
and HOB +1,200 meters) and obtain the unit
corrections to QE and TF for each variation
from standard. Multiply each unit correction by
the corresponding variation and compute the alge-
braic sums of these products. These sums are the
corrections to QE and TF for the non-standard
conditions of weather and materiel. The compu-
tations are shown in figure 3-11.

m. Determine and record the corrections to de-
flection, TF, and QE to compensate for the rota-
tion of the earth.
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Deflection (table B) L1
Time of flight (table F) 0 (0.0 X 0.87)
Quadrant elevation

(table F) +1.7 (+2 x 0.87)

n. Compute the total corrections to deflection,
quadrant elevation, and time of flight and the
corrected deflection, quadrant elevation, and time
of flight shown in figure 3-12.

0. A correction to TF must be applied to com-
pensate for a bias in the M421 fuze. Add the cor-
rection shown in table J, part 2 (+0.2 second),
to the corrected TF to determine the fuze set-
ting to be fired (42.8 seconds + 0.2 = 43.0 sec-
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DEFLECTION L R
Df Corr (Adden) 19 — _
Cross Wind Corr 13 | QUAD ELEV | FUZE SETTING
Rotation Corr 1 + - + -
Drift Corr o.4# Met Correction 0.87

i 32 1.7 Rotation Correction 0.00

1 |

Total Df Corr 31 2.1 Total QE & TF Correction | O.-37
Aiming Point Df 14b2 QE (Triol) (0.Inf) £523.5 || TF (Trio)(0.01) H2 .48
Df Correction |L® 31 QE Correction | 2.1 ||TF Correction @ 0©.37
Df (Corrected) 1431 QE (Corrected) 525 b || TF (Corrected(.) 42.8

Figure 8-12. Computation of corrected deflection, quadrant elevation, and time of flight.

onds). The following fire commands can now be
sent to the firing section:

Deflection 1,431 mils
Time 43.0 seconds
Quadrant elevation 525.6 mils

p. Corrections to deflection and QE must be
applied to compensate for low-level winds. The
cross wind (L37 mph) and range wind (T1 mph)
are obtained from the wind speed indicator of the
wind measuring set.

(1) Since the conditions are ALL OTHER
THAN NIGHTTIME, table E-1, part 2, change
38, is used for determining the correction factors.
The corrected QE to the nearest mil (526 mils)

Section Il

3-8. Surface Air Pressure When Barometer
is Not Available

If there is no properly functioning barometer
available, the heading of the met message and
any MGR-1B firing table can be used to deter-
mine surface air pressure. The following ex-
ample illustrates this method of determining sur-
face air pressure:

a. Known data are as follows:

(1) Type of rocket MGR-1B
(2) Altitude of launcher 450 meters
(3) Height of launcher

above the MDP + 80 meters

(4) Heading of the met
message METB31 344982

141200 037990

is not listed ; therefore the correction factors are
determined by interpolation.

(a) By interpolation, determine a deflec-
tion correction factor of 6.00. The deflection cor-
rection = 6.00 X L37 = L222 mils.

(b) By interpolation, determine an eleva-
tion (tail wind) correction factor of —2.38. The
elevation correction -238 x T1 ~2.38 or
—2.4 mils.

(2) Determine the deflection to be fired and
the QE to be fired by adding the low-level wind
corrections to the corrected deflection and cor-
rected QE.

Deflection fired = 1431 + 222 = 1,653 mils

QE fired = 525.6 + (—24) = 523.2 mils

PROCEDURES FOR UNUSUAL CONDITIONS

b. Since the heading of the met message gives
the surface air pressure at the MDP, a correc-
tion must be applied to compensate for the dif-
ference in altitude between the launcher and the
MDP. Enter table B with the height of the
launcher above the MDP (+80 meters) and ex-
tract the surface air pressure correction (—0.9).
Algebraically add the correction to the surface
air pressure at the MDP to determine the sur-
face air pressure at the launcher altitude.

Surface air pressure at the

MDP 99.0 percent
Plus surface air pressure
correction — 0.9 percent

Surface air pressure at the

launcher altitude =98.1 percent
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Note: When the MGR-1A rocket is fired, enter table C
to convert the surface air pressure expressed as a parcent
of standard to millibars; for example, 93.6 percent = 948
millibars.

3-9. Low-Level Wind Data When Windset is
Not Avadailable

If there is no properly functioning windset avail-
able, a pilot balloon technique may be used to
determine low-level winds. If there is neither a
windset nor a pilot balloon available, line 01 of
the met message may be used to determine low-
level winds.

a. Single Theodolite Pilot Balloon Method. Low-
level winds may be measured by using a stand-
ard theodolite (ML-247 with tripod ML-79 or
ML-474-GM with tripod MIL~79 or MT-1309-
GM) and a 30-gram pilot balloon. In the single
theodolite method, a standard rate of rise is as-
sumed for the 30-gram balloon. This assumption
is subject to gross error. Consequently, this
method is recommended as a secondary means or
backup for the windset. The corrections obtained
in this manner ordinarily will not be as reliable
as windset corrections weighted for profile con-
ditions. The procedure for determining correc-
tions by this method is outlined in (1) through
(5) below. The computations required are illus-
trated in figure 3-13.

(1) Location of theodolite. The theodolite
should be located near the launcher, approxi-
mately 50 meters upwind.

(2) Orientation of theodolite. The theodolite
must be oriented in the direction of fire; that is,
the azimuth reading must be zero when the op-
erator’s line of sight through the right-angle tele-
scope is in the direction of fire. This can be ac-
complished by either the orienting angle method
or t1[1e aiming circle method.

(a) Orienting angle method. The orient-
ing angle method is recommended as the primary
method for orienting the theodolite, since it pro-
duces the most accurate solution with minimum
effort by.the launcher crew. A theodolite stake
(location) must be emplaced and an orienting
line (line of known direction) must be estab-
lished in the firing position by the unit survey
section. The orienting angle, which is based on
the azimuth of fire, is computed by the fire direc-
tion center in a manner similar to that of com-
puting the orienting angle for the launcher. The
exception is that the theodolite orienting angle
must be -computed in degrees (to the nearest
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tenth of a degree). The procedure for the theodo-
lite crew is as follows:

1. Set up and level the theodolite (TM
11-6675-200-10) over the theodolite stake.

2. Obtain the orienting angle from the
launcher section commander.

3. Disengage the azimuth and tracking
control and set the orienting angle on the azimuth
scale.

4. Engage the azimuth tracking control
and loosen the azimuth calibration clamp.

5. Approximately orient the theodolite
by sighting on the far end of the orienting line
(through the telescope), using the fast motion.

6. Tighten the azimuth -calibration
clamp and precisely orient the theodolite by using
the azimuth calibration adjustment.

(b) Aiming circle method. The aiming cir-
cle must be oriented in the direction of fire. After
the aiming circle has been oriented, the follow-
ing procedures should be used:

1. Set up and level the theodolite.

2. Sight on the telescope of the theodo-
lite with the aiming circle and determine the in-
strument reading (not the deflection).

3. Convert this reading to degrees (near-
est tenth of a degree) and relay the information
to the theodolite operator.

4. Disengage the azimuth tracking con-
trol and set the reading obtained from the aim-
ing circle on the azimuth scale of the theodolite.
Engage the azimuth tracking control.

5. Loosen the azimuth calibration clamp
on the theodolite.

6. Plunge the theodolite telescope.

7. Sight the theodolite on the .aiming
circle, using the fast motion.

8. Tighten the azimuth -calibration
clamp on the theodolite and sight exactly on the
aiming circle, using the azimuth calibration ad-
justment.

9. Plunge the telescope back to 0° ele-
vation. The theodolite is now oriented.

(3) Inflation procedures. Inflate the 30-gram
balloon, using the procedures prescribed in FM
6-15 and TM 11-6660-222-12. The balloon must
be inflated while in an enclosed shelter to protect
it from the wind. Errors in the rate of rise will
result from improper inflation. A 84-ton or 2l4-
ton truck with canvas installed may be used as a
shelter.

(4) Determination of low-level wind compo-
nents. The wind measurement is accomplished by
a single observation of the pilot balloon. The time
of the observation depends on the quadrant ele-
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LOW LEVEL WIND CORRECTIONS, SINGLE THEODOLITE PILOT BALLOON TECHNIQUE

1. Weather conditions:

A. Nighttime
B. All other than nighttime X

2. Theodolite orienting data:
/1 96./ _degrees
26 0.3 _ degrees

2958 degrees
3. Time of flight for balloon ___ J&
4. \Vertical angle to balloon ___‘8L7_. degrees
5. Azimuth reading to balloon 2 _IL/._ degrees

6. Total corrections low level winds:

A. Azimuth orienting line
B. Azimuth of fire

C. Orienting angle

seconds

A. Cross wind correction:

Deflection: _ 7.3 wmphXRQ _0.87
. . wd speed wd comp
B. Range wind correction:
Quadrant elevation 7.—3_ mph X@T 0. fé
wd speed wd comp
7. Final firing data:
A. Deflection (corrected) 2814 o

Low level wd corr DF: F@_iL w
FINAL DEFLECTION _2843_«

4. degrees
5. degrees
6A. ___mphXRL_________ =RL mph
6B..—_mph XRL =R L mph

Use this box for data at firing time.

“RO_6.4 _mphX _4.60 w=-rRO_29 m

cross wd unit corr DF

@T_25 mphX #1452 w-@_5%53 mn

range wd unit corr QE

B. QE (corrected) ._M_ o
Low level wd corr QE® S.3 _ of
FINAL QE #09./

Figure $-18. Low-level wind corrections, single theodolite and pilot balloon technigque.

vation (corrected) and the existing wind pro-
file. Both a vertical reading and a horizontal
reading are obtained at the time of observation.
The measured vertical angle is used to determine
the wind speed. The measured horizontal angle
is the basis for determining correction compo-
nents used to resolve the indicated wind into
range and cross wind components. The following
2xample illustrates the procedures used to deter-
mine low-level wind components by the pilot bal-
loon method.

(¢) Known conditions are—

1. Rocket MGR~-1A (FTR 762-F-1).

2. Quadrant elevation (corrected) 403.8
mils.

3. Existing wind profile ALL OTHER
THAN NIGHTTIME.

(b) Determine the time to read the verti-
cal and horizontal angles to the balloon from ta-
ble B-14, appendix B. Enter the table with the
quadrant elevation to the nearest listed value
(400) and the existing wind profile (ALL OTHER
THAN NIGHTTIME CONDITIONS) and ex-
tract the time: 82 seconds.

Note: If the quadrant elevation is less than the mini-
mum value listed, use the minimum time listed.

(¢) Read and record the vertical and hori-
zontal angles to the pilot balloon 82 seconds after
release. Determine the vertical angle to the near-
est tenth of a degree and the horizontal angle to
the nearest degree.

Vertical angle 48.7°

Horizontal angle 241°

(d) Enter table B-15, appendix B with
the measured vertical angle (48.7°) and extract
the wind speed: 7.8 miles per hour.

(e) Enter table B-16, appendix B, with
the measured horizontal angle (241°) and extract
the wind correction components.

Range wind correction component H.48

Cross wind correction component L.87

(f) Multiply the indicated wind speed by
the correction components to determine the cross
wind and range wind components in miles per
hour.

Cross wind = 7.3 X L0.87 = L6 mph

Range wind = 7.3 X H0.48 = H4 mph

(5) Determination of low-level wind correc-
tions. Wind profile corrections are not required
when the pilot balloon method is used. The pro-
file condition considered in determining the ob-
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servation time is ignored, and unit corrections
for a 1-mile-per-hour range or cross wind are de-
termined from the Pilot Balloon or Met Line 0
correction table. The total correction to deflection
or elevation to compensate for the low-level wind
effects is the product of the wind component ((4)
above) and the unit correction from the firing
table. Continuing the example from (4) above,
the procedure is as follows:

(a¢) Enter table E-3 (FTR 762-F-1) with
the corrected quadrant elevation 404 mils (near-
est mil) and determine the unit correction fac-
tors by interpolation for a 1-mile-per-hour low-
level cross wind and head wind:

Cross wind unit correction factor 4.60

Head wind unit correction factor +1.52

Note: The direction of the cross wind correction is
determined from the letter preceding the cross wind
component. The direction of the range wind correction is
indicated by the sign of the unit correction.

(b) Multiply the unit correction factors by
the appropriate wind component from (4)(f)
above.

Cross wind (df): 4.60 x L6 = L28 mils

Range wind (QE): +1.52 x H4 = +6.1

mils

(¢) Apply the corrections computed in (b)
above to the corrected deflection and quadrant
elevation. A correction to time of flight for the
effects of low-level winds is not computed.

b. Met Message Line 01 Method. As a last re-
sort, the surface winds may be estimated from
line 01 of the ballistic or computer met message.
Whether or not the values in line 01 approximate
the surface winds the rocket will encounter de-
pends on how old the measurement is, how far
away the met station is, and how much differ-
ence exists between the terrain at the firing point
and the terrain at the met station. Wind profile
corrections are not required when the line 01
method is used. Unit corrections for a 1-mile-per-
hour range or cross wind are determined from
the Pilot Balloon or Met Line 0 correction table.
The following example illustrates this method of
determining low-level wind data:

Note: Met Line 0 was formerly recommended for this
method because it was determined from data recorded

from the first few seconds of balloon flight. Now, however,
line 0 measurements are made on the surface with a
handheld anemometer. Therefore, line 01 is a more
accurate approximation of the rocket flight environment
and is used with the Pilot Balloon or Met Line 0 correction
table to compute low-level wind corrections.

(1) Known conditions.

(2) Rocket MGR-1B (FTR 762-G-1).

(b) Azimuth of fire 4,784 mils.

(¢) Line 01 of met message 014309 029957.

(d) Quadrant elevation (corrected) 405.6
mils. :

(2) Determination of low-level wind compo-
nents. Calculate the chart direction of the wind,
using the wind direction (azimuth) from line 01
of the met message.

Azimuth of wind (100 mils) 4,300 mils

Plus 6,400 mils (if necessary) + 6,400 mils

Sum - =10,700 mils

Minus azimuth of fire (near-

est 100 mils) — 4,800 mils
Equals chart direction of
wind = 5,900 mils

Using this chart direction of wind, enter the
“Correction” Components of a Unit Wind table
(table E, part 2) and obtain—

Range wind correction component =H.88
Low-level cross wind correction
component =R.47

The line 01 wind velocity is 9 knots, which must
be converted to miles per hour for use with wind
table M-3. The conversion factor is 1.1508: 9
knots X 1.1508 = 10 mph. Hence, the range and
cross wind components of the low-level wind are—

10 x H.88 H9 mph
10 X R.47 = R5 mph

(8) Determination of low-level wind correc-
tions. Finally, determine the QE and deflection
corrections by multiplying these low-level wind
components by the appropriate correction factor
from table M-8 (Pilot Balloon or Met Line 0).
Enter table M-3 with QE = 406 mils and inter-
polate. The final corrections are—

QE correction = H9 X 0.79 = +7.1 mils

Deflection correction = R5 X 2.32 = R12

mils

Section IV. DETERMINATION OF MINIMUM QUADRANT ELEVATIONS,
MAXIMUM QUADRANT ELEVATION, AND CREST CLEARANCE

3-10. Determination of Minimum Quadrant

Elevations
Three minimum quadrant elevations must be de-
termined for the Honest John rocket system.
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a. Launcher-rocket (firing platoon command-
er’'s) minimum quadrant elevation (MIN QE
FPC).



b. Piece-crest minimum quadrant elevation
(fig 3-14).

¢. Intermediate crest minimum quadrant ele-
vation (fig 3-14).

3-11. Launcher-Rocket Minimum Quadrant
Elevation

a. General. The firing platoon (section) com-
mander must compute the position-launcher-
rocket minimum quadrant .elevation and report
it to the FDC. To determine this minimum QE, he
must consider three factors:

(1) Rocket qualification quadrant elevation.
(2) Launcher-beam separation angle.
(8) Launcher emplacement angle.

b. Rocket Qualification Quadrant FElevation.
The rocket qualification QE is the lowest QE for
which safe results may be obtained when a par-
ticular rocket is fired. This restriction is imposed
by the necessity of overcoming the force of grav-
ity and varies with the mass of the rocket and the
thrust developed by the rocket. It is independent
of the launcher position or launcher used. Regard-
less of any other factor, a rocket may never be
fired at a QE less than the qualification QE for
that rocket. Rocket qualification QE’s are as fol-
lows :

Rocket Qualification quadrant elevation
MGR-1A 178 mils
MGR-1B 72 mils

c. Launcher-Beam Separation Angle. The
launcher-beam separation angle is that minimum
angle which is formed between the longitudinal
axis of the launcher bottom carriage and the
ls 1ncher rail (beam) to allow full traverse capa-
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bilities and to insure that the complete rocket
will safely clear any part of the launcher when
the rocket is fired. This angle is dependent on
the launcher and rocket configurations. It varies
with each launcher-rocket combination. The
launcher-beam separation angles are as follows:

Launcher-beam

Launcher Rocket separation angle
M289 MGR-1A 178 mils
MGR-1B 178 mils
M386 MGR-1A 118 mils
MGR-1B 72 mils
M33 MGR-1A 178 mils
MGR-1B 72 mils

d. Launcher Emplacement Angle. The launcher
emplacement angle is the slope of the launcher
position in the direction of fire. The maximum
emplacement angle for all launchers is *+178
mils (reverse slope of +178 mils and forward
slope of —178 mils). The actual emplacement
angle for all launchers except the M289 is deter-
mined by measuring the elevation of the launcher
rail when it is locked in the traveling position.
The launcher rail of the M289 launcher is sep-
arated from the truck chassis by 88 mils when
the launcher rail is locked in the traveling posi-
tion. To determine the emplacement angle for
the M289 launcher, measure the beam elevation
with the launcher emplaced and the beam locked
in the traveling position and algebraically add
—88 mils to the measured beam elevation. The
sum is the launcher emplacement angle.

Example:
Measured beam elevation + 30 mils
Plus traveling position separation —88 mils
Equals launcher emplacement angle
= —58 mils

AREAS OF CREST CLEARANCE

a—

—

— m— o —
a— — —

—

Piece Crest

Intermediate Crest FEBA

Intermediate Crest

Figure 8-14. Areas of crest clearance.
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e. Determination of Launcher-Rocket Mini-
mum Quadrant FElevation. The procedure for
determining launcher-rocket minimum quadrant
elevation is as follows:

(1) Determine the emplacement angle.

(2) Enter table B-1, appendix B, with the
launcher-rocket combination in use. In the Em-
placement Angle columns of the Launcher-Rocket
Minimum Elevation Calculations section, find the
values within which the measured emplacement
angle falls.

(3) If the emplacement angle falls between
the two upper values shown for the launcher-
rocket entry combination, extract the minimum
QE from the Launcher-Rocket Minimum Ele-
vation column.

(4) If the emplacement angle falls between
the two lower values shown for the rocket-
launcher entry combination, calculate the mini-
mum QE by algebraically adding the lower value
shown in the Launcher-Rocket Minimum Eleva-
tion column to the emplacement angle.

Ezxample:
(a¢) Known conditions are—
Launcher M386
Rocket MGR-1A

(b) Determine and record the emplace-
ment angle: +65 mils

(¢) Enter table B—1 and determine that
the emplacement angle falls between the two
lower values shown on the M386-MGR-1A line.
The minimum QE is, therefore, the algebraic sum
of the lower value shown in the Launcher-Rocket
Minimum Elevation column (118) and the em-
placement angle (+65 mils): 118 + 65 = 188
mils.

3-12. Piece-Crest Minimum Quadrant
Elevation

In addition to computing and reporting the
launcher-rocket minimum quadrant elevation, the
firing platoon commander must also report to the
FDC the measured angle of site to crest and the
piece-crest range. The piece crest is defined as
the highest crest in front of, and visible from,
the firing position. The piece-crest range may be
determined from a map or may be estimated. The
computation of the piece-crest minimum quadrant
elevation is the responsibility of the S3 at the
battalion or the fire direction officer at the battery.
Four factors, expressed as angles, are added to
produce the piece-crest minimum quadrant ele-
vation (fig 83-15): the angle of site to crest; 60
meters vertical -clearance at the crest converted
to mils at the computational range by using the
mil relation (when applicable as outlined in a
and b below); 5.8 range probable errors (PE,)
at the computational range, converted to mils by
using the meters-per-mil factor from the Ground
Data table; and the elevation corresponding to
the computational range. The computational range
is the piece-crest range expressed to the nearest
100 meters.

Tables B-2 through B-13 in appendix B are piece-
crest minimum quadrant elevation tables which
include in the quadrant elevations the latter two
angles when the computational range is 2,600
meters or less and the latter three angles when
the computational range is greater than 2,600
meters. Enter tables B-2 through B-18 with the
piece-crest range.

a. To calculate the piece-crest minimum QE

M'NIMUM QUADRANT ELEVATION—PIECE CREST

-—

- - - -
Minimum Quadrant
Elevation

Elevation
5.8 PE,converted to pf

60M converted to

L Piece Crest Range

Figure 3—15. Piece-crest mintmum ¢uadrant elevation.
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for all computational ranges and situations except
as outlined in b below, enter the appropriate
piece-crest minimum quadrant elevation table in
appendix B, extract the piece-crest QE, and add
this QE to the measured angle of site to crest
reported by the firing platoon commander. The
following example illustrates this procedure:

(1) Known conditions are—

Terrain in front of the
launcher
Piece-crest range

not occupied
1,560 meters

Angle of site to crest + 50 mils
Rocket MGR-1A
Firing table FTR 762-F-1

(2) Record the measured angle of site re-
ported by the firing platoon commander (angle
A): +50 mils.

(3) Enter table B-7, appendix B, with the
range to crest (1,560 meters) and determine that
the piece-crest QE is 130 mils.

(4) Add the measured angle of site reported
by the firing platoon commander to the value
from the table: 180 + 50 = 180 mils.

(5) Record this sum as the piece-crest mini-
mum quadrant elevation.

b. To calculate the piece-crest minimum QE
when the computational range is 2,600 meters or
less, the terrain immediately in front of the
launcher (up to 2,600 meters) is occupied, and
the commander wishes to follow the recommenda-
tions of AR 385-62, enter the appropriate piece-
crest minimum quadrant elevation table in ap-
pendix B, extract the piece-crest QE, add this
QE to the measured angle of site to crest re-
ported by the firing platoon commander, and add
this sum to the value of 60 meters vertical clear-
ance at the crest converted to mils. The follow-
ing example illustrates this procedure:

(1) Known conditions are:
Terrain in front of the

launcher occupied
Piece-crest range 1,220 meters
Angle of site to crest +62 mils
Rocket MGR-1B
Firing table FTR 762-G-1

(2) Record the measured angle of site re-
ported by the firing platoon commander (angle
A): +62 mils.

(3) Enter table B-8, appendix B, with the
range to crest (1,220 meters) and determine that
the piece-crest QE is 96 mils.
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(4) Add the measured angle of site reported
by the firing platoon commander to the value

- from the table: 96 + 62 = 158 mils.

(5) Convert 60 meters to mils, using the mil
relation, at a computational range equal to the
range to crest expressed to the nearest 100
meters: pi = W/R = npi = 60/1.2 = 4 = 50.0.

(6) Add this value to the sum determined
in (4) above: 158 + 50 = 208 mils.

(7) Record this sum as the piece-crest mini-
mum quadrant elevation. :

3-13. Intermediate Crest Minimum Quadrant
Elevation

An intermediate crest is defined as a crest not
visible from the firing position, lying between
the firing position and the target (fiz 3-16).
Location of intermediate crest is based on a
continuing study (usually by map) of the terrain
within the unit’s sector of fire.

a. The normal procedure for computing an’
intermediate crest minimum quadrant elevation
is as follows:

(1) Compute the elevation to a point at the
crest range and the height of crest with respect
to the launcher plus 60 meters. Since the height
of crest is known, the 60-meter vertical clearance
can be added to it and the resulting sum can be
used as the height argument for entry into the
firing table. (When firing an M27, M47, or M48-
warhead, see FM 6-40-1A for possible additional

" requirements.)

(2) Determine the value of 6 PE, at the
crest range and convert this value to mils, using
the meters-per-mil factor. Interpolate in the
Ground Data table at the crest range (nearest
100 meters) to determine the value of the PE,
and the meters-per-mil factor.

Note: The value of 6 probable‘errors is specified to give

_a very high assurance of clearing crests for peacetime

conditions. For wartime conditions, this value can be
relaxed to 4 probable errors and still achieve 99.65 percent
assurance of clearing any intermediate crest. The 60-meter
safety clearance value may also be ignored for unoccupied
crests or for crests lying in enemy terrain, provided the
commander is willing to accept less assurance of ac-
complishing the mission.

(3) The sum of the elevation to the point
60 meters above the crest ((1) above) plus the
elevation change equivalent to 6 PE, ((2) above)
is the intermediate crest minimum quadrant ele-
vation.
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Figure 83—16. Intermediate crest clearance.

(4) The computational procedures are the
same for all Honest John rockets. The following
examples illustrate these procedures: '

Example 1:
(a¢) Known conditions are—
Crest range 6,300 meters
Crest height (above
launcher) + 520 meters
Rocket MGR-1B FTR 762-H-1

(b) Add 60 meters to the crest height:
520 + 60 = + 580 meters.

(¢) Compute the elevation corresponding
to crest range 6,300 meters and height +580
meters. Enter table G with the crest range to the
nearest 100 meters and height to the nearest 10
meters (interpolate).

Note: Since the MGR-1B firing tables present data at
200-meter range increments, it is necessary to determine
the elevation to this height at range 6,400 meters and then
apply the elevation correction corresponding to a decrease
of 100 meters to range 6,300 meters.

Range—6400 Height Elevation
600 217.6
580 2145
500 202.1
Elevation at range 6,400 meters 214.5 mils
Minus ¢ factor (determine at height
+600 meters) —(—0.6) mils
Elevation to a point 60 meters above
the crest 215.1 mils

(d) Convert 6 PE, at the crest range
(6,300 meters) to mils, using the meters-per-mil
factor. Determine the following from the Ground
Data table (table F, part 2):

Meters-per-mil factor (colm 4) = 122

meters per mil (by interpolation)
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PE, (colm 6) = 414 meters (by inter-
polation)
Therefore, the elevation change corresponding to
6 PE, is
(6 x 414)
122

(e) Add the values determined in (¢) and
(d) above and record the sum, to the nearest mil,
as the intermediate crest minimum quadrant ele-
vation.

215.1 + 20.4 = 235.5 or 236 mils

Ezxample 2:
(a) Known conditions are——
Crest range 7,700 meters
Crest height (above
launcher) +370 meters
Rocket MGR-1A FTR 762-F-1

(b) Add 60 meters to the crest height:
370 + 60 = +430 meters.

(¢) Compute the elevation corresponding
to crest range 7,700 meters and height +430
meters.

= 20.4 mils

Height Elevation
500 288
430 278.9
400 275

Elevation to a point
60 meters above the crest 278.9 mils
(d) Convert 6 PE, at crest range to mils,
using the meters-per-mil factor. From the Ground
Data table—
Meters-per-mil factor = 69 meters per mil
(by interpolation)



PE, = 448 meters (by interpolation)
Therefore, the elevation change corresponding to
6 PE. is

(6 x 448)
69

(e¢) Add the values determined in (¢) and
(d) above and record the sum, to the nearest mil,
as the intermediate crest minimum quadrant ele-
vation.

278.9 + 39.0 = 317.9 or 318 mils

b. Alternate procedures for computing an
intermediate crest minimum quadrant elevation
are necessary if the normal procedure (a above)
cannot be used because the crest height and/or
the crest range are not listed in the elevation
table of the firing table (table C in MGR-1A
firing tables and table G in MGR-1B firing
tables). These alternate procedures are as follows:

= 39.0 mils

(1) One alternate procedure is used when
the range to crest is less than 5,000 meters (near-
est 10 meters).

(a) Compute the angle of site to a point
at the crest range and the height of crest with
respect to the launcher plus 60 meters vertical
clearance. (The 60-meter vertical clearance is
used for all crest ranges greater than 2,600 meters
or for all ranges when the terrain up to 2,600
meters in front of the launcher is occupied and
the commander wishes to follow the recommenda-
tions of AR 385-62.) Divide the range to the
crest into the wvertical interval. This quotient
(nearest ten thousandth) is the tangent of the
angle of site. Enter the Natural Trigonometric
Functions in Mils table of the firing table and
determine the angle of site in mils corresponding
to the tangent (nearest tenth of a mil). (When
firing an M27, M47, or M48 warhead, see FM
6—40-1A for possible additional requirements.)

(b) Determine the value of 6 PE, at the
crest range and convert this value to mils, using
the meters-per-mil factor. Interpolate in the
Ground Data table at the crest range (nearest
100 meters) to determine the value of the PE,
and the meters-per-mil factor. For crest ranges
less than 5,000 meters, use the PE, and meters-
per-mil factor for a range of 5,000 meters.

(c) Determine the elevation correspond-
ing to the crest range (nearest 100 meters) by
interpolation from the Ground Data table. For
crest ranges less than 1,000 meters, use the ele-
vation for 1,000 meters.

Note: When firing an MGR~1A rocket, use the cleva-

tions for ranges less than 5,000 meters as listed in table
B-17.
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(d) The sum of the three angles in (a),
(b), and (c¢) above is the intermediate crest
minimum quadrant elevation.

(e) The computational procedures are the
same for all Honest John rockets. The following
example illustrates these procedures:

Example:

1. Known conditions are—

Terrain in front of
the launcher

Crest range

Crest height (above
launcher) +430 meters

Rocket MGR-1B FTR 762-H-1

2. Do not add 60 meters to the crest
height since the crest range is less than 2,600
meters and the terrain in front of the launcher
is not occupied.

8. Since the crest range is less than the
smallest value listed in table G of the firing table,
use the alternate procedure for determining inter-
mediate crest minimum quadrant elevation.

4. Determine the angle of site to the
crest by converting the vertical interval (+430
meters) to mils. Divide the range to the crest
into the vertical interval. This quotient (nearest
ten thousandth) is the tangent of the angle of
site. Enter the Natural Trigonometric Functions
in Mils table and determine the angle of site in
mils corresponding to the tangent (nearest tenth
of a mil).

not occupied
1,840 meters

430

Tangent = T840 = 0.2337
Arctan 0.2337 = 233.8 mils (by inter-
polation)

5. Convert 6 PE, to mils, using the
meters-per-mil factor. Since the crest range is
less than 5,000 meters, use the PE, and meters-
per-mil factor for a range of 5,000 meters.

Meters-per-mil factor (colm 4) = 133

meters-per-mil

PE, (colm 6) = 440 meters
Therefore, the elevation change corresponding to
6 PE, is: '

(6 x 440) _ .
——13—3——— = 19.8 mils

6. Compute the elevation corresponding
to crest range (nearest 100 meters) 1,800 meters
from the Ground Data table:

Elevation (colm 2) =

interpolation)

7. Add the values determined in 4, §,

86.5 mils (by
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and 6 above and record the sum, to the nearest
mil, as the intermediate crest minimum quadrant
elevation.

233.8 + 19.8 + 86.5 = 340.1 or 340 mils

'(2) Another alternate procedure is used
when the range to crest is 5,000 meters or greater
(nearest 10 meters).

(a) Compute the elevation to a point at
the crest range and the height of crest with
respect to the launcher plus 60 meters. (When
firing an M27, M47, or M48 warhead, see FM 6-
40-1A for possible additional requirements.)
Enter the elevation table of the firing table at
the crest range to the nearest listed value and
extract the elevation corresponding to the largest
listed height. Apply the appropriate portion of
the c¢ factor to this elevation to determine the
elevation corresponding to the crest range (near-
est 10 meters) and the largest listed height. From
the elevation corresponding to the largest listed
height, subtract the elevation corresponding to
the next lower listed height. The difference is the
number of mils corresponding to a 100 meter
change in height. Next subtract the largest listed
height from the total vertical interval and divide
100 into this difference. Multiply the quotient by
the difference in mils for a 100 meter change
in height determined above. The product (nearest
tenth of. a mil) is the angle in mils corresponding
to the difference in height between the largest
listed height and the total vertical interval. Add
this angle to the elevation already computed. The
sum is the required elevation.

(b) Determine the value of 6 PE, at the
crest range and convert this value to mils, using
the meters-per-mil factor. Interpolate in the
Ground Data table at the crest range (nearest
100 meters) to determine the value of the PE,
and the meters-per-mil factor.

) (¢) The sum of the elevation to the point
60 meters above the crest ((a) above) plus the
elevation change equivalent to 6 PE, ((b) above)
is the intermediate crest minimum quadrant ele-
vation.’

(d) The computational procedures are the
same for all Honest John rockets. The following
example illustrates these procedures:

Example:
1. Known conditions are —

Crest range 5,390 meters

Crest height (above
launcher)

Rocket MGR-1B

+ 2,660 meters
FTR 762-H-1
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2. Add 60 meters to the crest height:
2,560 + 60 = +2,620 meters.

3. Since the crest height plus 60 meters
in higher than the highest value listed in table
G of the firing table, use the alternate procedure
for determining intermediate crest minimum
quadrant elevation.

4. Enter the elevation table of the firing
table at the crest range to the nearest listed value
(5,400 meters) and extract the elevation cor-
responding to the largest listed height (2,500
meters) : 547.3 mils.

5. Apply the appropriate portion of the
¢ factor to this elevation to determine the eleva-
tion corresponding to the crest range (5,390
meters) and the largest listed height: (—0.1 X
—6.1) + 547.83 = 0.6 + 547.3 = 547.9 mils.

6. From the elevation corresponding to
the largest listed height, subtract the elevation
corresponding to the next lower listed height. The
difference is the number of mils corresponding to
a 100 meter change in height.

547.3 — 532.2 = 15.1 mils

7. Subtract the largest listed height
from the total vertical interval and divide 100
into this difference. Multiply the quotient by the
difference in mils for a 100 meter change in height
determined in 6 above. The product (nearest
tenth of a mil) is the angle in mils corresponding
to the difference in height between the largest
listed height and the total vertical interval.

(EM_O) x 15.1 = 1.2 x 15.1 =

100
18.12 or 18.1 mils
8. Add the angle in 7 above to the
elevation in 5 above. The sum is the elevation to
a point 60 meters above the crest.
18.1 + 547.9 = 566.0 mils
9. Convert 6 PE; at crest range (nearest
100 meters) 5,400 meters to mils, using the
meters-per-mil factor. Determine the following
from the Ground Data table (table F, part 2):
Meters-per-mil factor (colm 4) = 129
meters-per-mil (by interpolation)
PE, (colm 6) = 432 meters (by inter-
polation)
Therefore, the elevation change corresponding to
6 PE. is:
(6 x 432) ’1‘29432) = 20.1 mils
10. Add the values determined in 8 and
9 above and record the sum, to the nearest mil,
as the intermediate crest minimum quadrant ele-
vation.
566.0 + 20.1 = 586.1 or 586 mils



3-14. Limits of Piece-Crest and Intermediate
Crest Minimum Quadrant Elevations

If the piece-crest is an isolated terrain feature or
intermediate crests are isolated peaks rather than
general ridge lines, it will probably be unduly
restrictive to use the piece-crest or the intermedi-

- ate crest minimum quadrant elevations as deter-

mined in paragraphs 3-12 and 3-13 throughout
the deflection capabilities of the unit. The sector
of fire should be divided into segments and the
appropriate piece-crest or intermediate crest
minimum quadrant elevations determined within
successive deflection (azimuth) limits from each
individual firing position.

3-15. Determination of Firing Limits

a. General. To facilitate the analysis of a firing
position, the FDC must determine and record the
launcher-rocket minimum quadrant elevation, the
piece-crest minimum quadrant elevation, and the
greatest intermediate crest minimum quadrant
elevation. Before a rocket is fired, a comparison
must be made between the data for the rocket to
be fired and the minimum quadrant elevations
for the firing position. This comparison is made as
specified below.

b. Launcher-Rocket Minimum Quadrant Ele-
vation. Compare the launcher-rocket minimum
quadrant elevation with the mission final quadrant
elevation (firing QE including low-level wind cor-
rections). If the launcher-rocket minimum quad-
rant elevation is greater than the mission final
quadrant elevation, do not fire the rocket.

¢. Piece-Crest Minimum Quadrant Elevation.
Use the following procedures for the piece-crest
minimum quadrant elevation:

(1) When the mission final quadrant eleva-
tion is less than the mission corrected quadrant
elevation (because of a low-level tail wind), com-
pare the mission final quadrant elevation with the
piece-crest minimum quadrant elevation. If the
piece-crest minimum quadrant elevation is great-
er than the mission final quadrant elevation, fol-
low the procedures in paragraph 3-16.

(2) When the mission final quadrant eleva-
tion is greater than the mission corrected quad-
rant elevation (because of a low-level head wind),
compare the mission corrected quadrant eleva-
tion with the piece-crest minimum quadrant ele-
vation. If the piece-crest minimum quadrant ele-
vation is greater than the mission corrected
quadrant elevation, follow the procedures in para-
graph 3-16.
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d. Intermediate Crest Minimum Quadrant Ele-
vation. Compare the greatest intermediate crest
minimum quadrant elevation with the mission
trial quadrant elevation. If the intermediate crest
minimum quadrant elevation is greater than the
mission trial quadrant elevation, follow the pro-
cedures in paragraph 3-16.

3-16. Assurance of Crest Clearance

a. If either the piece-crest minimum quadrant
elevation or the intermediate crest minimum
quadrant elevation is greater than the mission
data (para 3-15¢ or 3-15d), the commander.
should select another position from which to fire
the rocket. However, because of the tactical situa-
tion and the time element involved, the com-
mander may find it more desirable to fire from
the present position than select and move to a
new position provided he has reasonable assur-
ance that the probability of clearing the crest
warrants firing from that position. The procedure
for determining the probability of clearing the
crest is as follows:

(1) Determine the crest range and height of
crest with respect to the launcher (from a map
or by computation).

(2) Determine the range (nearest meter) at
the level point corresponding to the mission trial

QE.

(3) Determine the QE (nearest tenth of a
mil) to the crest, using the procedurés in para-
graph 3-13a or 3-13b as appropriate. However,
for this computation, do not add 6 PE, to the QE.

(4) If the crest QE ((3) above) is greater
than the mission trial QE, the rocket has less
than 50 percent assurance of clearing the crest.
If the crest QE ((3) above) is less than the
mission trial QE, determine the range (nearest
meter) at the level point corresponding to the

crest QE.

(5) Enter the Ground Data table and deter-
mine the range probable error (PE,) correspond-
ing to the range determined. in (2) above. In-
terpolate to the nearest meter.

(6) Subtract the range determined in (4)
above from the range determined in (2) above.

(7) Divide the difference obtained in (6)
above by the range probable error determined in
(5) above. This quotient represents the clear-
ance of the crest expressed in terms of probable
error (t). Express the quotient to the nearest
hundredth.
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(8) Use the quotient obtained in (7) above
as the argument (t) for entering the probability
table (part 1 of the firing tables or table 2-2,
"M 6-40). Enter the vertical column t with the
value to one decimal place (tenth) and the hori-
zontal row t with the value to two decimal places
(hundredth). The value obtained from the verti-
cal and horizontal intersection of these two entries
represents one-half the area under the normal
probability curve inclosed by the number of pro-
bable errors used for entry. Add 0.5000 to this
value to determine the assurance of clearing the
crest.

b. The following examples illustrate the pro-
cedures for computing the assurance of clearing
a crest:

Example 1:

(1) Known conditions are—

Crest range
Crest height (above
launcher)

6,300 meters

+ 520 meters
Mission trial QE 219.7 mils
Rocket MGR-1B FTR 762-H-1

(2) Enter table G and determine the range
(nearest meter) at the level point corresponding
to the mission trial QE of 219.7 mils.

Range = 14,703 meters (by interpolation)
(3) Determine the QE to the crest using the

procedures in paragraphs 3-13a(1) and 3-13a
(4) (¢) Example 1.

Crest QE = 215.1 mils
(4) Since the crest QE ((3) above) is less
than the mission trial QE, determine the range

(nearest meter) at the level point corresponding
to the crest QE.

Range = 14,406 meters (by interpolation)
(5) Enter table F, Ground Data, with the

range at the level point (determined in (2) above)
and calculate the range probable error.

PE. (colm 6) = 248 meters (by interpolation)

(6) Subtract the range determined in (4)
above from the range determined in (2) above.

14,703 — 14,406 = 297 meters

(7) Divide the difference obtained in (6)
above by the range probable error obtained in (5)

above. This expresses the range in (6) in terms

of probable errors.
{ = range difference _ 297
PE, T 248

(8) Enter the probability table with the

= 1.20 PE.
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value of t obtained in (7) above to determine
one-half the area under the normal probability
curve enclosed by this value: t = 1.20 PE, cor-
responds to 0.2908. Add 0.5000 to this value to
determine the assurance of clearing the crest.

Assurance = 0.2908 + 0.5000 = 0.7908 =
79.08 percent.

Example 2:

(1) Known conditions are—

Crest range
Crest height (above
launcher)

5,390 meters

+2,660 meters
Mission trial QE 581.8 mils
Rocket MGR-1B FTR 762-H-1

(2) Enter table G and determine the range
(nearest meter) at the level point corresponding
to the mission trial QE of 581.8 mils.

Range = 28,341 meters. (by interpolation)

(8) Determine the QE to the crest using the
procedures in paragraphs 3-18b(2) (a¢) and 3-13b
(2)(d)2, 8, 4, 5, 6, 7, and 8, Example.

Crest QE = 566.0 mils

(4) Since the crest QE((3) above) is less
than the mission trial QE, determine the range
(nearest meter) at the level point corresponding
to the crest QE.

Range = 27,932 meters (by interpolation)

(5) Enter table F, Ground Data, with the
range at the level point (determined in (2)
above) and calculate the range probable error.

PE, (colm 6) = 240 meters (by interpolation)

(6) Subtract the range determined in (4)
above from the range determined in (2) above.

28,341 — 27,932 = 409 meters

(7) Divide the difference obtained in (6)
above by the range probable error obtained in
(5) above. This expresses the range in (6) in
terms of probable errors.

¢ = range difference 409

PE, 240

(8) Enter the probability table with the
value of t obtained in (7) above to determine one-
half of the area under the normal probability
curve enclosed by this value: t = 1.70 PE, cor-
responds to 0.83742. Add 0.5000 to this value to
determine the assurance of clearing the crest.

Assurance = 0.3742 + 0.5000 = 0.8742 =
87.42 percent.

¢. The assurance may be used to determine the
probable number of rounds that would fail to

= 1.70 PE,



clear a crest as follows (assumed assurance is
99.85 percent) :

(1) Subtract the percentage of assurance
from 100 percent: 100.00 — 99.85 = 0.15 per-
cent.

(2) Convert the percentage difference to a
decimal equivalent:

0.15

100

(3) Compute the number of rounds in which
one round will probably fail to clear the crest:

0.0015 1 _ 1 _

1 = XX = g5~ 67
The expected number of rounds failing to clear
the crest would be one in 667 rockets.

= 0.0015

3-17. Determination of Maximum QE-

Each time a launcher is emplaced, a maximum
quadrant elevation must be calculated. To deter-
mine the maximum quadrant elevation which can
be fired by a given launcher emplaced on a given
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slope, algebraically add the measured emplace-
ment angle to the maximum limit to which the
launcher can be elevated. The maximum elevation
limit of the launcher is shown in the bottom
portion of table B-1, appendix B, in the Level
(Onf) Emplacement Angle column. If large low-
level head winds exist, the firing QE for a target
near maximum range may, in rare cases, exceed
the maximum allowable QE for that¢particular
position-launcher combination and the -rocket
should not be fired. The calculation of the maxi-
mum allowable QE will permit the determination
of whether the firing QE will exceed the allow-
able. The following example illustrates the pro-
cedure:

a. Known conditions are—

Launcher .
- Launcher emplacement angle

M386
—42 mils

b. Enter table B-1 and determine the maxi-
mum elevation limit (1244). Add this value to the
emplacement angle to determine the maximum
quadrant elevation: 1244 + (—42) = 1,202 mils.

3-39
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*CHAPTER 4

FIRE DIRECTION USING THE M18 GUN
DIRECTION COMPUTER (FADAC)

Section |.

4-1. General

a. The M18 gun direction computer is used
in both the Honest John battalion FDC and the
battery FDC to compute the necessary laying
and firing data for the rocket. The computer is
operated by the assigned personnel who also
operate its power generator and the auxiliary
- equipment.

b. Each rocket firing battery and each head-
quarters and headquarters and service battery
of each Honest John battalion is authorized one
M18 gun direction computer. The computer will
produce an accurate solution to the ballistic
problem
most rocket-warhead combinations.

4-2. Duties of the Fire Direction
Personnel

a. The minimum number of personnel con-
sidered necessary to operate the equipment on
a twenty-four hour basis is four, two computer
operators and two generator operators. Their
duties, in general, are discussed in b and ¢
below.

b. Computer Operator. The computer opera-
tor is responsible for the emplacement, march
order, operation, and operator maintenance of
the computer and the teletypewriter. His duties
are to—

(1) Insure that proper procedures are

Section Il.

4-3. General

a. Hardware. The gun direction computer
M18 is an electronic, solid-state, digital com-
puter with a nonvolatile rotating disc memory.
Using the Honest John rocket program, it will

in approximately 11/2 minutes for -

GENERAL

followed in setti'ng up the computer and tele-
typewriter.

(2) Insure that correct procedures are fol-
lowed in the operation and maintenance of the
equipment.

(3) Transmit and record data in accord-
ance with the unit standing operating proce-
dures.

(4) Report discrepancies in computer and
associated equipment maintenance.

(5) Perform
regular intervals.

operator maintenance at

c. Generator Operator. The duties of the
generator operator normally are performed as
additional duties by the radiotelephone opera-
tor. In addition to his regular duties, he is re-
sponsible for—

(1) Insuring the proper emplacement of
the generators.

(2) Starting, stopping, and monitoring
the operation of the generator on a standby
basis.

(3) Insuring that the generator is pro-
viding the proper current.

operator maintenance
in maintenance

(4) Performing
and reporting discrepancies
to the chief of section.

(5) Maintaining the
on generator operation.

prescribed records

EQUIPMENT DESCRIPTION

compute the range, the azimuth of fire, and the
ballistic problem and display the data; it will
store the firing data and all associated infor-
mation for 10 separate missions. It will simul-
taneously store the coordinates and altitudes of

4-1
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32 targets and 16 firing points. It will compute
traverse, zone-to-zone transformation, and in-
tersection survey problems. Using the M&537
teletypewriter, it will print a comprehensive
record of firing data including all the param-
eters pertinent to a specific mission as well as
the coordinates and altitudes of the targets
and the firing points that have been stored in
memory.

b. Software. Programs are coded on
punched paper tape and are inserted into mem-
ory by use of the signal data reproducer
(SDR) AN/GSQ-64 (para 4-18 through 4-
24). The operator enters information required
for solving problems by using the input selec-
tion matrix, the keyboard, and the mechanical
tape reader.

4—-4. Components and Associated Equipment

a. Components. The computer is of modular
construction, and consists of four major cate-

gories of components: the power supply chas-
sis, the magnetic disc memory, the control panel
assembly, and the circuit boards. The computer
is housed in a watertight case with removable
front and rear covers. Computer parts are cooled
by two blowers that draw air through replaceable
filters near the front and exhaust it through
louvers in the rear of the computer.

b. Associated Equipment. Associated equip-
ment consists of an M537 teletypewriter, a
computer table with an integral power con-
nection panel, a power cable and reel assembly,
and two 3-kilowatts, 120/208-volt, 400-hertz,
3-phase, 4-wire generators. The signal data re-
producer AN/GSQ-64 and the computer logic
unit test (CLUT) set AN/GSM-70 are auxil-
iary equipment used by the maintenance per-
sonnel. Detailed nomenclature, technical char-
acteristics, and other operational information
on their use are discussed in detail in the ap-
propriate references listed in appendix A.

Section lll. HANDLING THE EQUIPMENT

4-5. Generadl

A minimum of four men are required to set up
and prepare for operation or to march order
the equipment. The computer weighs approxi-
mately 210 pounds and should be handled with
care to prevent damage to the equipment or
injury to personnel. The computer table weighs
58 pounds, and at least two men are required
to set up or march order the table. The tele-
typewriter weighs 50 pounds and may be
handled by one man.

4-6. Preparation for Operation

a. The computer and the teletypewriter are
prepared for operation as follows:

(1) Turn the field table upside down and
release the screw-lock fasteners on the legs.

(2) Unfold and extend each leg an equal
length so that the height for the operator will
be comfortable and the top will be level.

(3) Secure each leg in position by tight-
ening the leg locking ring and then place the
table in an upright position.

(4) Have two men place the computer on
the table.

(5) Depress the core of the pressure re-

4-2

lease valve and allow the pressure in the case
to equalize.

(6) Remove the cover from the teletype-
writer and release the carriage and platen
locks.

(7) Remove the front and rear covers of
the computer.

(8) Fasten the four latches on the table
over the four hooks on the computer case.

(9) Remove the cap from receptacle Jil
on the computer and connect the power cable
from the table to this receptacle.

(10) Remove the cover from the receptacle
J10 on the computer and connect the teletype-
writer signal cable to this receptacle.

(11) Connect the teletypewriter power ca-
ble to one of the output receptacles on the table.

(12) Connect the input power cable to re-
ceptacle J5 on the table and insure that the
circuit breaker is in the OFF position.

(13) Start the generator and insure that
it is producing the correct voltage and fre-
quency.

(14) Check the air intake filter beneath
the control panel of the computer for obstruc-
tions to insure the air will flow freely into the

- computer and that all six filters are in place.

@



(15) Place the circuit breaker in the ON
position.

(16) Turn the POWER switch on the tele-
typewriter to the ON position.

(17) When the POWER READY indicator
lights, the computer is ready to operate.

b. When the computer is mounted in a ve-
hicle, only steps (13) throughi (16) will be
applicable.

.4—7. March Order

a. The equipment is prepared for traveling

as follows:

(1) Move the POWER switch and the cir-
cuit breaker to their OFF positions.

(2) Stop the generator and disconnect the
signal and power cables.

(3) Replace the input power cable on the
cable and reel assembly.
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(4) Secure the teletypewriter
and platen locks and replace all covers.

(5) Unfasten the four latches and remove
the computer from the table.

(6) Secure the plug of the computer
power cable to the clamp under the table.

(7) Replace the cover on the teletype-
writer.

(8) Turn the table upside down and re-
lease the telescoping portion of each leg by
turning the leg locking ring counterclockwise.

(9) Retract and fold the legs.

(10) Place the computer, the field table,
the cable and reel assembly, and the teletype-
writer in the transport vehicle.

b. To march order equipment that is
mounted in a vehicle, perform steps (1) and
(4) only.

carriage

Section IV. OPERATOR CONTROLS

4-8. General

The MI18 gun direction computer is controlled
" through the use of buttons, switches, and keys.
The controls and indicators are located on the
front of the computer or near the front panel
within easy reach of the operator.

4-9. Control Panel

The computer control panel consists of seven
components (fig 4-2 through 4-8). Each com-

ponent may be considered a functional area,
and each is identified according to its principal
use.

Figure 4—1. Computer Control Panel.

a. Power Panel. The power panel on the
upper right section of the control panel, has

a toggle switch to control the night lights, a
toggle switch to turn the computer on and off,
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Figure 4—2. Power Panel.

a POWER READY indicator, a night light,
and a time meter to indicate the cumulative
hours of operation.

b. Trouble Indicator Panel. The trouble in-
dicator panel in the upper left corner of the
Control Panel, has four trouble indicators, a
night light, and three buttons, SET UP, PROG
TEST, and RESET.

—~

TEMP. TRANSIENT PARITY ERROR

® 9 o

SET UP  PROG. TEST  RESET
TN N VRN

é\.
(%

Figure 4-8. Trouble Indicator Panel.

¢. Operator Panel. The operator panel in the
center of the control panel, has four indicators
and four buttons. The four indicators show
the operator that the computer is in the com-
pute mode or input-output mode and that the
problem at hand has no solution or that a key-
board entry is required. The TRIG and COM-
PUTE buttons are used in initiating a prob-
lem solution. The SEND and RECEIVE but-
tons are not used in the rocket program.

d. Matriz Panel. The matrix panel on the
left side of the control panel, is a selection de-
vice that allows the operator to control the
elements of data that are entered, recalled, or
computed in the solution of a problem. De-
tails describing the use of this panel in the
Honest John program are contained in table
4-1.

e. Keyboard. The keyboard located to the
right of the operator panel, is used to manually
enter numerical data into the computer.

4-4

NO
SOLUTION COMPUTE

™
T

TRIG COMPUTE

KEYBOARD

Figure 4~4. Operator Panel.

Figure j—6. Keyboard.




f. Mechanical Tape Reader. The mechanical
tape reader in the lower right portion of the
control panel, is a mechanical device capable
of reading five-hole punched paper tape as in-
put data. Its primary function is to read the
meteorological message tape.

Q
)

Figure 4-7?. Mechanical Tape Reader.

g. Display Panel. The display panel located
in the upper center section of the control panel,
consists of 18 Nixie tube indicators. These in-
dicators provide numerical, sign, and designa-
tion information as it is entered in the com-
puter or as an output display of the solution to
a problem. In most instances, the data entered
through the keyboard will be displayed on this
panel and will be erased when the ENTER
key is depressed. The panel is divided into six
windows that will display specific data, de-
pending on the type of problem.

(1) The first window, BATTERY, has
one Nixie tube. It will display a letter (A
through E), depending on which lettered mis-
sion association button is depressed.

(2) The second window, SIGN, has: one
Nixie tube. It will display the algebraic sign
(+ or —) associated with a numerical input
or output.

(8) The third window, CHARGE, has one
Nixie tube. It will display the security classifi-
cation of the program entered when program
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test 1 is conducted. Tt will dlsplay certain entry
ﬂags

(4) The fourth window has five Nixie
tubes and is labeled DEFLECTION, AZI-
MUTH, and EASTING. It will display the in-
put or output data for the matrix position
selected. When coordinates are entered in the
normal sequence, the easting will be displayed in
this window, the northing will be displayed in the
fifth window, and the altitude will be displayed in
the sixth window.

(5) The fifth window has five Nixie tubes
and is labeled FUZE SETTING, TIME OF
FLIGHT, DISTANCE and NORTHING. The
data displayed depends on the matrix position
selected. Normally, the fuze setting, time of
flight, range, or northing input or recalled data
will be displayed in this window.

(6) The sixth window has five Nixie
tubes and is labeled QUADRANT, VERTICAL
ANGLE, and ALTITUDE. Normally, the
quadrant elevation, vertical angle, or altitude
input will be displayed in this window. A key-
board entry normally will be displayed in the
rightmost Nixie tube, and subsequent entries
will cause each digit to shift to the next Nixie
on the left. When the ENTER key is de-
pressed, the dlglts entered will be displayed in
the proper sequence. NO SOLUTION flags will
be displayed in the rightmost two Nixie tubes
of this window.

4-10. Funclions of Conirols and Indicators

The function of each control and indicator on
the computer control panel (fig 4-1) is de-
scribed below:

a. POWER ON-OFF Switch. The POWER
ON-OFF switch is a monetary-contact, center-
return switch. When the switch is in the ON
position, the power supply, blowers, and mem-
ory are energized. When the switech is in the
OFF position, the computer is deenergized.

b. POWER READY Indicator. The POWER
READY indicator lights approximately 20 sec-
onds after the computer is turned on. The indica-

o

[BATTER VR CHARGE]

Figure 4-8. Display Panel.
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tor blinks when the computer is in the marginal
test mode or when the lower blower motor is not
operating. The indicator will blink when the
back cover has been removed and the MARGINAL
TEST switch is in the OFF position of the lower
blower is indicated.

¢. LIGHTS ON-OFF Switch. THE LIGHTS
ON-OFF switch controls the panel lamps for
night operation.

d. Time Meter. The time meter records the
cumulative hours the computer has been in
operation.

e. TEMP Indicator. The TEMP indicator
lichts when the internal operating tempera-
ture is correct. The indicator blinks when the
operating temperature is not correct.

f. TRANSIENT  Indicator. The TRAN-
SIENT indicator lights when the line voltage
is correct. The indicator blinks when the power
supply voltage fluctuates or approaches the op-
erating limits.

g. PARITY Indicator. The PARITY indica-
tor is lighted normally. It blinks when an error
in internal data transfer occurs when incor-
rect data are transferred from an input device
to memory or from memory to an output de-
vice.

h. ERROR Indicator. The ERROR indicator
is lighted normally. It blinks when there is
an internal overflow. Blinking of the indicator
may be caused by the entry of a number too
large for the computer to use in computations.

i. SET UP Button. When the SET UP but-
ton is momentarily depressed, all survey ma-
trix functions are set to minus zero.

j. PROG TEST Button. When the PROG
TEST button is momentarily depressed and
then a numerical key (1, 2, or 3) is depressed,
the computation of one of three stored tests
begins. The COMPUTE indicator lights dur-
ing the solution of the tests.

k. RESET Button. The RESET button is
depressed to terminate the mode. Depressing
the RESET button also will stop the blinking
of a PARITY, TRANSIENT, or ERROR indi-
cator if the malfunction indicated is not re-
curring.

l. NO SOLUTION Indicator. The NO SO-
LUTION indicator normally 1is lighted. It
blinks if the data entered for a particular prob-
lem produces no solution. A numerical display
defines the cause (table 4-2).

4-6

m. COMPUTE Indicator. The COMPUTE
indicator lights while the computer is in the
compute mode.

n. TRIG Button. Depressing the TRIG but-

ton causes the computer to compute the solu- -

tion to a designated survey problem.

o. COMPUTE Button. Depressing the COM-
PUTE button causes the computer to compute
the trajectory for the ballistic problem.

p. KEYBOARD Indicator. The KEYBOARD
indicator lights when the computer requires
information that must be entered through the
keyboard.

q. IN-OUT Indicator. The IN-OUT indicator
lights when information is being transferred
to or from an input-output device. This indi-
cator as well as the KEYBOARD indicator
must light before input is entered through the
keyboard.

r. SEND Button. The SEND button is not
used in the rocket program.

s. RECEIVE Button. The RECEIVE button
is not used in the rocket program.

4-11. Keyboard Assembly

a. SM and RECALL Keys. Depressing the
SM (sample matrix) # key causes the com-
puter to follow the instructions in the portion
of the program indicated by the matrix loca-
tion selected. Normally, these instructions will
require a keyboard entry, in which case the KEY-
BOARD indicator will light. Depressing the RE-
CALL key causes the computer to recall from
memory the data indicated by the matrix location
selected.

b. LEFT, DOWN, DROP, — Key. Depress-
ing the LEFT, DOWN, DROP, - key causes a
negative sign to be associated with the nu-
merical value entered through the keyboard.

¢. RIGHT, UP, ADD, + Key. Depressing the
RIGHT, UP, ADD + key causes a positive
sign to be associated with the numerical value
entered through the keyboard.

d. Numerical Keys 0, 1, 2, 8, 4, 5, 6, 7, 8, and
9 and the Decimal Point (.) Key. The numerical
keys, and the decimal point key when required,
are used to enter numerical values. The keys
are interlocked so that the operator cannot
make an error by depressing two keys simul-
taneously. The numerical value is displayed as
each numerical key is_depressed.



e. CLEAR and ENTER Keys. The CLEAR

key is used to erase an erroneous keyboard in-

. put. After the CLEAR key has been de-
pressed, the operator can enter the correct in-

formation without depressing the SM key

again, The ENTER key is used to enter the

displayed information into memory. In most

Honest John Matrix Design :
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cases, an entry error that is discovered after
the ENTER key has been depressed may be
corrected by reselecting the matrix function,
depressing the SM key, and typing the correct
data on the keyboard. Some survey procedures
require reentry of all data when an error has
been made (table 4-1).

| June 1970

¢ LOCAL
ZONE

RECALL

PRINT
FIRING

MISSION

Figure 4-9. Input Selection Matriz.
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4-12. Matrix

a. The matrix (fig. 4-9) has 64 windows. The
operator selects the desired location on the matrix
by depressing two buttons—one numerical button
(1 through 8) in the row along the bottom of the
matrix and one lettered button (A through H) in
the column along the left side of the matrix.
The use of each matrix location is explained in
detail in table 4-1.

b. The matrix is divided into six color-coded
sections for ease of fdentification of functions
in the Honest John program.

(1) The matrix locations used to enter target
information (A-1 through A-8 and A-5 through
A-8) and crest clearance information (C-1, C-2,
and C-3) are colored blue.

(2) The matrix locations used to enter firing
point data (B-1 through B-8) are colored yellow.

(3) The matrix locations used to enter
meteorological data (C-4 and C-5), the lati-
tude (D-3), and the grid declination angle (D-4)
are colored green.

(4) The matrix locations used to enter all
mission-associated data necessary for the solu-
tion of a fire mission (D-6, D-7, D-8, E-1
through E-8, and F-1 through F-8) and to
compute the mission-associated range, azi-

Section

4-14. General

When the computer is first set up for operation,
when there is a loss of power, or when there is
reason to believe that the computer is not op-
erating properly, the operator should perform
the program tests described below. The pro-
gram must have been entered in the computer
before the tests are run.

4-15. Program Tests 1 and 2

Program tests 1 and 2 should always be per-
formed when the program is first entered into
memory and whenever there is reason to be-
lieve the computer is malfunctioning. Test 1
is a test of the program data in the permanent,
or “cold,” storage section of memory, and test
2 is a test of the data in the working, or “hot,”
storage section of memory. If these tests are
successful, the operator is assured that the pro-
gram is correctly loaded and the computer is
operating properly.

4-8

muth of fire, and orienting angle (D-1) are
colored red.

(5) The matrix locations for four separ-
ate functions (C-6, C-7, C-8, and D-2) are
white.

(6) The matrix locations used to enter
data necessary for the solution of survey prob-
lems (G-1 through G-8 and H-1 through H-8)
are colored gray.

4-13. Numbered and Lettered Mission
Association Buttons

There are two numerical buttons, 1 and 2,
and five lettered buttons, A through E, along
the right side of the matrix panel. These but-
tons are used to associate specific mission data.
Depressing both a numerical button and a let-
tered button at the same time (e.g., A-1, A-2,
B-1, ______ E-1, or E-2 causes the independent
sets of firing data to be computed separately
and stored in 10 separate memory locations.
Targets normally are planned to be attacked
from a designated firing point; therefore, all
orienting information, rocket and warhead
data, and other ballistic information pertain-
ing to a specific firing point-target combina-
tion is referred to as being mission associated.
Each of the 10 possible missions is identified
by its letter-number combination.

TESTS

a. The procedure for performing test 1 is
as follows: -

"(1) Depress the PROG TEST button; the
keyboard light will light.

(2) Type 1 on the keyboard; the computer
will automatically run a test of the program. The
Nixie tubes will flicker while the test is being
run. If the test is successful, the final display will
be: A X 2 0000000010 00762. If the test is not
successful, the NO SOLUTION indicator light will
blink and a different set of numbers will be dis-
played (fig. 4-10).

The following is an explanation of the display:

X—indicates an unlit Nixie.

A—indicates which lettered mission asso-
ciation button (A through E) was de-
pressed.

2—indicates that the data in memory are
classified CONFIDENTIAL.

l1—indicates first revision.

762—identifies the Honest John program.



(3) If the first attempt is not successful,
repeat the test. The second or third attempt
may be successful. If there are aging parts in
the computer, a test that failed on the first
attempt may succeed on the second or even the
third attempt. However, when several attempts
are frequently necessary to complete a test,
maintenance checks should be made as soon as
possible.

b. The procedure for performing test 2 is as
follows”

(1) Depress the PROG TEST button; the
keyboard indicator will light.

(2) Type 2 on the keyboard, the com-

C1, FM 6-40-1

puter will automatically run a parity test of
the hot storage section of memory. During the
test, the three Nixie tubes on the right of the
display panel will rapidly display the channel
numbers being checked. If the test is successful,
the number “136” will be displayed. The chan-
nel numbers allocated to the hot storage section
are shown in figure 4-11.

(8) If the test is not successful,
PARITY indicator light will blink and the
number of the channel containing the error
will be displayed. The channel must be cleared
by using clear hot storage tape, the procedures
described in table 4-1 for matrix locations D-2
(CLEAR MEMORY).

the

A THRU E DISPLAYED DEPENDING ON WHICH
LETTERED MISSION ASSOCIATION BUTTON
/_IS DEPRESSED.

-

DISPLAYS PROGRAM

IDENTIFICATION

PROGRAM .REVISION NUMBERT

@

BATTERY CHARGE DEFLECTION -/

Y

S

FUZE SETTING
FTINE OF FLIGHT

r—— QUADRANT -—-——\

o

0010 00762]

A ]lz)le 000 o]
]

SIGN l AZINUTH DISTANCE j t VERTICAL ANGLE ———J
® GD ZASTING ® NORTHING @ AL ———'"@
;—-SECURITY CODE
SECURITY CLASSIFICATION: PROGRAM IDENTIFICATION:

O - For Official Use Only
| — Unclossified

2 - Confidential

762 - Honest John Progrom

Figure 4—10. Program Test 1 on the Display Panel.
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4-16. Marginal Test

a. The marginal test provides the operator
with a means of performing a check of the
computer’s operation under voltage fluctua-
tions. Successful completion of the test assures
the operator that the computer will operate
correctly under normal conditions. The MAR-
GINAL TEST switch enables the operator to
run program test 1 with variable voltages.

b. The marginal test procedure is as fol-
lows:

(1) When the POWER READY indicator
lights, turn the MARGINAL TEST switch to
the 1 position. The POWER READY indicator
will blink. Blinking of the POWER READY
indicator does not indicate a malfunction.

(2) Depress the PROG TEST button and
type 1 on the keyboard. Blinking of the
PARITY or ERROR indicator indicates that
the computer has malfunctioned under the
marginal conditions induced when the MAR-
GINAL TEST switch was set at the 1 position.
If neither of these indicators blinks, turn the
switch to test position 2, depress the PROG
TEST button, and type 1 on the keyboard.
Blinking of the PARITY or ERROR indicator
indicates that the computer is not operating
properly under the marginal conditions in-
duced when the MARGINAL TEST switch
was set at the 2 position.

(3) Repeat the procedures in (2) above with
the MARGINAL TEST switch in positions 3,
4, and 5. If neither the PARITY nor the ERROR
indicator blinks when the switch is placed in
positions 1, 2, 3, 4, and 5, the operator is assured
that the computer will operate properly under
normal conditions.

Section VL.

4-18. General

a. The Honest John program is entered into
the FADAC by use of a high-speed paper tape
reader, the signal data reproducer AN/GSQ-64
(SDR). When connected to the M18 computer,
the SDR energizes the recording heads on the
disc in the cold storage section of memory.
After disconnecting the SDR, the operator dis-
connects these cold storage recording heads to
insure that the program, once loaded, will re-
main unchanged.

b. The dynamic data necessary for the solu-
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¢. When program test 1 is successful but the
marginal test is not successful, there is an in-
termittent malfunction in the computer. The com-
puter should be checked by maintenance person-
nel as soon as-possible.

d. In normal operations, the MARGINAL
TEST switch should be in the OFF position.
When the switch is in this position, the
POWER READY indicator should not blink.

e. If the PARITY indicator blinks when the
MARGINAL TEST switch is rotated from one
position to another, the operator should de-
press the RESET button. The indicator should
stop blinking. If the blinking does not stop,
the operator should turn the computer off and
then turn it on again.

7
4-17. Display Test

a. Nixie tubes are designed to display num-
bers. Each tube contains filaments for display-
ing each of the ten digits, 0 through 9, and a
decimal point. The Nixie tube display test
checks the filaments of each tube by causing
the display to simultaneously light each fila-
ment in succession starting with 0 and ending
with the decimal point. The Nixie tube con-
taining letter filaments is not tested. Failure of
any filament to light at the proper time indi-
cates that the Nixie tube should be replaced.

b. The procedure for performing the display
test is as follows:

(1)} Depress the PROG TEST button; the
keyboard indicator light will light.

(2) Type 3 on the keyboard; the computer
will automatically test the Nixie tubes by
lighting each filament in succession starting
with 0 and ending with the decimal point.

COMPUTER INPUT

tion of a problem are entered through the key-
board or the mechanical type reader into the
hot storage section of memory. Twelve chan-
nels are allocated for these dynamic data (fig
4-11), and the recording heads in this section
of memory are always energized. Input is con-
trolled by the selection of one of the 64 matrix
locations. The matrix keyboard combination
design simplifies operator input. By selecting
a specific matrix function and then depressing
the SM key or the RECALL key, the operator
can enter or recall specific data or initiate a
designated computational routine. Standard artil-
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Channel . .
Number Working Storage Locations
20 Mission Mission Mission Mission
E-2 Data E- | Data D-2 Data D-1 Data
79" Mission Mission Mission Mission
C-2 Data C- 1 Dato B-2 Data B- | Data
24 Mission Mission
A-2 Data A-| Data
76
: Firing Point
110 Target List List
Firing Point
e List
4 Converted Meteorological Data
Observer
16 Buffer
130
‘132
Observe '
134 ver Current Meteorological Data
Buffer
136 Current Met Opserver
List

Note: Channel numbers octal base system, even numbers only used.

Figure 4-11. Memory Map.

lery terminology is used on the matrix and, if ¢. The most accurate information available
necessary, one- or two-digit codes, called “flags,” must be entered into the computer to produce
may be used to identify input data or to recall accurate firing data, and care must be taken
data for display or printout. to prevent the inadvertent use of old meteoro-
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logical data or other invalid data previously
stored in memory. Standard meteorological data
are entered when the program is first
loaded, and the computer will use stan-
ard met data until a current met message is
entered. After a current met message has been
entered, the met is reset to standard by use of
function C—4 (MET STD). The latitude and
grid declination angle must be entered to allow

the computer to calculate the coriolis effect and .

to change met wind direction from true azi-
muth to grid azimuth. All data entered will
remain in the computer’s memory until they
are changed. Other ballistic parameters, such
as rocket and propellant weights, propellant
temperature, surface barometric pressure, and
low-level wind data as well as specific target
and firing point information, are mission asso-
ciated. These data may easily be cleared from
memory by use of function C—8 (CLAR MSN
DATA).

d. The operator should check each input on
the display panel before depressing the EN-
TER key. Further, if there is any doubt as to
what has been entered, the data in memory
should be recalled and checked on-the display.
The teletypewriter may be used to verify most
of the data stored in memory by use of func-
tion A-7 (PRINT TGT LIST) or B-T7,
(PRINT FP LIST).

4-19. Five-Digit Coordinates Requirement
The eastive and northing coordinates of each
target or firing point entered must consist of
at least five digits (nearest meter), or the
program will hold and the NO SOLUTION in-
dicator will blink. The display will retain the
erroneous coordinate as entered. To correct
the error—

a. Depress the SM key; the display will ex-
tinguish and the KEYBOARD indicator will
light.

b. On the keyboard, type in the correct five-
digit coordinate (type leading zeros if neces-
sary).

¢. Depress the ENTER key.

4-20. Functions Requiring a Signed Input
Several numerical inputs require that a plus
(+) or a minus (—) sign precede the nu-
merical entry. The plus and minus keys on the
keyboard are used to enter these signs. In the
ballistic and survey programs, the following
inputs require a sign:

4-12

a. Ballistic Program.

Matriz location and designation

A-3 (TGT ALT)

Input value

Target altitude

Firing point altitude B-3 (FP ALT)
Crest altitude C-2 (CREST ALT)
Latitude D-3 (LAT)

D-4 (GRID DECL)
D-6 (LLW RANGE/DIR)

Grid declination
Low-level range wind com-

ponent

Low-level cross wind com- D-7 (LLW CROSS/SPEED)
ponent

Propellant weight correc- E-2 (PROP WT CORR)
tion

Propellant temperature E-6 (PROP TEMP)

b. Survey Program.

Matriz location and designation
G-4 (OBS VERT ANGLE)
G-6 (LOCAL ZONE)

G-7 (STA ZONE)
H-3 (OBS ALT)

Input value
Vertical angle
Local zone number
Station zone number
Observer altitude

4-21.

a. The enabling procedure is designed to act
as a safeguard against inadvertent operator
error. It allows the operator to activate or cancel
certain critical functions as desired. The opera-
tor is required to select a second key (0 or 9)
after he has selected the function and depressed
the SM key. This selection precludes accidentally
deleting information stored in memory in the
event he has selected the wrong matrix buttons.
Whenever the enabling procedure is used, a key-
board entry of 0 enables the function while an
entry of 9 dismisses the function and terminates
the input mode.

Enabling Procedure

b. Four input functions require this procedure.
They are:

Matriz location and designation
A-8 (TGT DELETE)
B-8 (FP DELETE)
C-4 (MET STD)
C-8 (CLEAR MSN DATA)

Input function

Target deletion
Firing point deletion
Set met to standard
Clear mission data

4-22. Function Values Reset to Minus Zero

a. When certain matrix functions are used,
the data entered in complementary functions are
set to an unrecognizable form. When recalled,
these data will be displayed as zero (or a series
of decimal points) preceded by a minus sign.
This form is referred to in this manual as minus
zero. This programmed safety feature prevents
the operator from making an incomplete entry
or inadvertantly using part of one set of data
with part of another. Use of the functions listed
below will set entry data in the listed comple-
mentary functions to zeros or minus zero.



(1) Ballistic function.
Matrix location and designation

A-8 (TGT DELETE)

Complementary function
Specific file locations in A-5
(TGT RECORD)
Specific file locations in B-5
(FP RECORD)
C-1 (CREST RANGE) and

B-8 (FP DELETE)

C-3 (CREST CLEAR

ASSUR) C-2 (CREST ALT)
D-8 (LLW FINAL D-6 (LLW RANGE/DRI)
DATA) and D-7 (LLW CROSS/
SPEED)
F-6 (HOB) F-7 (OPTION)
F-7 (OPTION) F-6 (HOB)

(2) Survey function.

Complementary function

Flag 1 (Traverse)

G-1 (OBS AZ)

G-2 (OBS HORIZ DIST)

G-3 (OBS SLANT DIST)

G-4 (OBS VERT ANGLE)

Note: When flag 9 is entered
to terminate the mode, the
following functions are set
to minus zero:

H-1 (OBS EAST)

H-2 (OBS NORTH)

H-3 (OBS ALT)

Flag 2 (intersection)

G-1 (OBS AZ)

G-4 (OBS VERT ANGLE)

Note: When flag 9 is entered
to terminate the mode, the
following functions are set
to minus zero:

H-1 (OBS EAST)

H-2 (OBS NORTH)

H-3 (OBS ALT)

Flag 3 (zone to zone)

G-6 (LOCAL ZONE)

G-7 (STA ZONE)

G-8 (STA AZ)

H-6 (STA EAST)

H-7 (STA NORTH)

H-8 (STA SPHERE)

b. The use of function C-8 (CLEAR MSN
DATA) sets all mission-associated data locations
to zero. These locations are D-6, D-7, D-8, E-1
through E-8, and F-1, through F-8.

¢. Depressing the SET UP button sets all sur-
vey functions to minus zero.

Matrix location and designation

G-5 (SURVEY)

Note: Each complemen-
tary function is set to
a new value or to minus
zero, depending on the
type of survey identi-
fied by a flag entry. The
process occurs during
computations after the
TRIG button has been
depressed.

4-23. Meteorological Message Input
Procedures

a. Entry of the most recent meteorological
data is vital to the computation of accurate firing
data. The special computer met message (MET-
CM) used by the MI18 reports weather condi-
tions that actually exist at the various layers of
atmosphere through which the trajectory passes.

C1, FM 6-40-1

The computer message is different from the
met message used in manual computations, in
which the weather conditions existing in one
layer, or zone, are weighted against the condi-
tions existing in the lower layers and then re-
ported as a group.

b. The format has been designated by stand-
ard international agreement (STANAG 4082). In
the rocket program, the met input is stored in
working storage. A maximum of 26 lines of met
data may be entered. Standard met data are
placed in memory when the program is first
loaded and are used whenever the met is set to
standard by use of matrix function C-4 (MET
STD). If fewer than 26 lines of met data are
entered, the standard met data will be used for
the remaining lines. Care should be exercised
to insure that the met being used reports air
pressure in millibars rather than density in
grams per cubic meter. The operator can insure
that he is using the correct data by comparing
the last three digits of the ID line to the 00
line; if the digits are identical, the met message
is reporting air pressure (fig 4-12).

¢. The manual entry of met data is accom-
plished as follows:

(1) Depress matrix buttons C-5 (MET IN-
PUT) and depress the SM key.

(2) On the keyboard, type 0 and depress
the ENTER key; the number 88 will be dis-
played.

(3) On the keyboard, type the identifica-
tion line (12 digits) of the met message, start-
ing with the date/time group, and then depress
the ENTER key; the display will shift to the
left and the number 00 will be displayed in the
rightmost Nixies.

. (4) On the keyboard, the 00 line (16 digits)
of the met message starting with 00, and then
depress the ENTER key; the number 01 will
be displayed.

(5) Enter each successive line of the met
message in the same manner. After the last line
has been entered, terminate the input mode by
typing a decimal point and then depressing the
ENTER key.

d. An individual line entry may be made as
follows:
(1) Depress matrix buttons C-5 (MET IN-
PUT).

4-13
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(2) Depress the SM key and type 2 on the
keyboard.

(8) Depress the ENTER key.

(4) On the keyboard, type the line number
to be reentered. (The line number will be dis-
played.)

(5) Depress the ENTER key.

(6) Type the correct line (16 digits) on the
keyboard. :

e. The fastest method of entering met data is
by means of punched paper tape through the
mechanical tape reader. Meteorological message
tapes (fig 4-18) are usually cut but radio tele-
typewriter equipment, such as the teletypewriter
reperforator-transmitter TT-76/GGC, which is a
component of radio sets AN/GRC-46, AN/GRC-
122, and AN/GRC-142. When the tape is cut by
radio teletypewriter, the met data is printed
along the margin on the wide side of the tape.
A slightly offcenter line of small sprocket holes
runs the length of the tape. Opposite each sprock-
et hole, there may be as many as three punched
holes on the wide side of the tape and as many
as two punched holes on the narrow side of the
tape. Instructions for entering the met message
tape are as follows:

(1) Determine the front of the tape by plac-
ing the wide side toward the computer with the
printing up.

(2) Open the armature clamp on the mech-
anical tape reader and place the tape under the
clamp with the wide side—three holes—toward
the computer. Insure that the message portion
of the tape is to the left of the read head.

(3) Engage the tape sprocket holes with
the reader sprocket and close the armature
clamp. Turn the sprocket knob a few times to
insure that the tape is properly engaged. If the
tape does not move freely, open the clamp and

METCMO 512018

070987 012972

00032008 12620972
01042011 12500963
02049010 11980910
03062025 11680840
04058030 10560785

insure that the sprocket holes are engaged by
the sprocket teeth. Reclose the clamp and turn
the sprocket knob again to insure proper thread-
ing.

(4) Depress matrix buttons C-56 (MET IN-
PUT) and then depress the SM key.

(5) On.the keyboard type 1 and depress
the ENTER key, the reader will automatically
start reading the tape. The reader will stop
automatically at the end of the tape, and the in-
put mode will be terminated.

4-24. Detailed Operator Procedures

a. Table 4-1 contains detailed instructions on
using each of the input selection matrix func-
tions for the entry or recall of data. The informa-
tion presented in the table is as follows:

(1) The first column, matrix location/input
function, identifies each function by the row (A
through H) and the column (1 through 8) in
which it is located on the matrix and by its
abbreviated designation as it appears on the ma-
trix. The functions are listed according to the
alphabetical and numerical order of their loca-
tions from A-1 to H-8.

(2) The second column, entry procedures,
gives detailed instructions for entering data for
a specific function or for solving a problem pre-
sented by a particular function. Some matrix
locations, such as C-3 (CREST CLEAR ASSUR)
and D-8 (LLW FINAL DATA), require the en-
try of data in other functions prior to their use.
Unless a specific entry sequence is_indicated, data
may be entered in any sequence. -

(3) The third column, recall procedures,
gives detailed instructions for recalling informa-
tion stored in memory.

(4) The fourth column, remarks, contains
information about the use of each function.

Compare the last 3 digits of the
I. D. line to the OO line.

if the digits are identicol, the
met message is in consonance
with STANAG 4082

Figure 4—12. STANAG 4082 Meteorological Message.
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. Tape Advance Symbol at Front of Tape.
. Line Feed Carriage Return Symbol.

. Last line of meteorological message.
. Line Feed Carriage Return, Stop Code (9) symbols.

Figure 4—18. Meteorological Message Tape.

Whenever the words “mission associated” appear
in this column, that input function must be as-
sociated with a specific firing point and target
combination. This association is accomplished
by depressing the appropriate mission association
buttons. In all cases, at least one of the lettered
buttons (A through E) must be depressed.

Section VII.

4-25. General

a. The output data for the Honest John rocket
program is shown on the display panel or by
printout on the M537 teletypewriter.

b. The teletypewriter printout formats are
shown in figures 4-14, 4-15 and 4-16.

4-26. No Solution Display

a. Whenever data is entered by an erroneous
procedure or whenever certain input items are
incorrect, # the NO SOLUTION indicator will
blink. For most errors, a number code will be
displayed to identify the specific, incorrect input.

b. A graphic illustration of the location in
memory of input data is shown in figure 4-11.
Whenever data are to be reentered after the
CLEAR MEMORY function (D-2) has been
used, the operator should refer to figure 4-11 to
determine the data that have been cleared.

COMPUTER OUTPUTS

b. Table 4-2 is a reference listing of the no
solution displays.

4-27. Teletypewriter Printouts

a. A printout of the target list, the firing
point list, or the fire mission data (including
the met used) may be obtained by using matrix
positions A—7 (PRINT TGT LIST), B-7 (PRINT
FP LIST), or C-7 (PRINT MSN), respectively,
and the M537 teletypewriter.

b. Figures 4-14, 4-15 and 4-16 illustrate the
printout formats for the target list, the firing
point list, and the fire mission data.
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4-16

TGT TGE TGN

01 00000 00000
02 00000 00000
32 00000 00000

TGA

00000

00000

00000

Figure 4—14. Printout Format for the Target List.

FP AZL FPE

01 0000 00000
02 0000 00000
16 0000 00000

FPN
00000

00000

00000

Figure 4—15. Printout Format for the Firing Point List.

FPA
0000

0000

0000
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Symbol Data
printed printed

Explanation of symbols and data

DEF
FZS
QEL
TGE
TGN
TGA
FPE
FPN
EPA
AZF
BNG
HOB
RKT
WHT
OPT
LDF
AOL
ORA
WWT
MEW
PWC
PWT
FWT
GWT
PRT
SPR
LLR
LLX
DQE
DDF
GDA
LAT
MET

OPEPRTLEL LML DML L LR

XXX XA XXXXX

Deflection

Fuze setting

Quadrant elevation

Target easting

Target northing

Target altitude

Firing point easting

Firing point northing

Firing point altitude

Azimuth of fire

Range

Height of burst above target
Flag for rocket type

Flag for warhead type

Flag for height of burst option
Aiming point defelction

Azimuth of the orienting line
Orienting angle

Warhead weight

Motor empty weight

Propellant weight correction
Propellant weight

Fin weight

Gross motor weight

Propellant temperature

Surface pressure

Low level range wind or direction
Low level crosswind or speed
Final low level wind corrections to elevation
Final low level wind correction to deflection
Grid declination angle

Latitude of the firing point
Met identification line only

OOXXXXXXXXXXXXXX Each line of the met message

01l etc

Values printed are positive unless preceded by a minus sign.

Figure 4—16. Printout Format for a Fire Mission.
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Table 4-1. Operator Procedures, Honest John Program

Matrix location/
input function

Entry procedure

Recall procedure

Remarks

A-1
TGT EAST

A-2
TGT NORTH

A-3
TGT ALT

A4

A-5
TGT RECORD

A-6
RECALL TGT

A-T
PRINT TGT LIST

e

LM e

LM

[

Depress matrix buttons A-1.

Depress the SM key.

On the keyboard, type the target easting
to nearest meter.

Depress the ENTER key.

Depress matrix buttons A-2.

Depress the SM key.

On the keyboard, type the target north-
ing to nearest meter.

Depress the ENTER key.

Depress matrix buttons A-3.

Depress the SM key.

On the keyboard, depress the + or —
key and then type the target altitude to
nearest meter.

Depress the ENTER key.

Not used

Enter target coordinates by using input]
functions A-1 (TGT EAST), A-2 (TGT
NORTH), and A-3 (TGT ALT.)
Depress matrix buttons A-5.

Depress the SM key.

On the keyboard, type the target list
number.

Depress the ENTER key. (Target east-
ing, northing, and altitude will be dis-
played and stored on the target list.)

NA

Depress matrix buttons A-T7.

Depress the SM key.

To obtain a printout of the entire target
list, type 0 on the keyboard and depress

See matrix location A-6 (RECALL TGT).

See matrix location A6 (RECALL TGT).

See matrix location A-6 (RECALL TGT).

NA

1. To recall a target from the target list:

a. Depress matrix buttons A-6.

b. Depress the SM key.

¢. On the keyboard, type the target
number.

d. Depress the ENTER key. (A vacancy
on the list will cause a display of -00000
and the NO SOLUTION indicator to blink.)
2. To recall a mission-associated target:

a. Insure that the proper mission as-
sociation buttons are depressed.

b. Depress matrix buttons A-6.

¢. Depress the RECALL key.

NA

Five-digit coordinates must be entered. If
not, the NO SOLUTION indicator
will blink and the display will remain.
(For corrective action, reinitiate entry
procedure and enter value correctly.)

Five-digit coordinates must be entered. If
not, the NO SOLUTION indicator will
blink and the display will remain. (For
corrective action, reinitiate entry pro-
cedure and enter the value correctly.)

1. Any value between —300 and 47500
may be entered.

2. Entry must be preceded by a + or —
sign.

Not used

1. Values must be entered for functions
A-1, A-2 and A-3. If not, the NO
SOLUTION indicator will blink and
______ 3 will be displayed.

2. Target may be stored as any one of 32
targets on target list.

3. The computer will accept any target
number from 1 through 82.

4. Use of this function sets data in A-1,
A-2, and A-3 to minus zero.

1. Used to obtain the display of a specific
target on the list or a mission-associated
target.

2. Display will include target easting,
northing, and altitude.

3. Used to recall each target on the target
list separately.

4, Mission associated only if recalling a
mission-associated target.

When the target list is to be printed for
less than 32 targets, the RESET button
may be depressed to terminate the list at

any point.
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A-8
TGT DELETE

B-1
FP EAST

B-2
FP NORTH

B-3
FP ALT

B4
AZ OL

B-5
FP RECORD

o=

® =

Eadi S ol ol

o= A

e S -

=

the ENTER key. To obtain a printout of
a single target, type the target number
and depress the ENTER key.

Depress matrix buttons A-8. -
Depress the SM key.

On the keyboard, type the number of
target to be deleted.

Depress the ENTER key. (Coordinates
will be displayed and the KEYBOARD
indicator will remain lit.)

On the keyboard, type 0 to delete the
target or type 9 to dismiss the com-
mand.

Depress the ENTER key. (Target data
will be either retained or destroyed,
depending on the last entry.)

Depress matrix buttons B-1.

Depress the SM key.

On the keyboard, type the firing point
easting to the nearest meter.

Depress the ENTER key.

Depress matrix buttons B-2.

Depress the SM key.

On the keyboard, type the firing point
northing to nearest meter.

Depress the ENTER key.

Depress matrix buttons B-3.

Depress the SM key.

On the keyboard, depress the + or —
key and then type the firing point
altitude to nearest meter.

Depress the ENTER key.

Depress matrix buttons B-4.

Depress the SM key.

On the keyboard, type the grid azimuth
of the orienting line to the nearest mil.
Depress the ENTER key.

Enter firing point coordinates by using. .
input functions B-1 (FP EAST), B-2

See matrix location B-6 (RECALL FP)
or B-7 (PRINT FP LIST).

See matrix location B-6 (RECALL FP)
or B-7 (PRINT FP LIST).

See matrix location B-6 (RECALL FP)
or B-7 (PRINT FP LIST).

1. After the firing point has been recorded
on the list, matrix position B-7 (PRINT
FP LIST) may be used to include the
azimuth in the printout of firing point
coordinates.

2, After the firing points have been mis-
sion-associated, the azimuth of the OL
may be recalled by the following pro-
cedure:

a. Depress matrix buttons B—4.
b. Depress mission buttons.
c. Depress the RECALL key.

________________ NA

(FP NORTH), and B-3 (FP ALT),

To insure against accidental deletion of a
target, enabling entry 0 is used to affirm
deletion or 9 is used to dismiss the com-
mand.

1. Five-digit coordinates must be entered.
If not, the NO SOLUTION indicator
will blink and the display will remain.

2. Set to minus zero by the use of function

B-5 (FP RECORD).

1. Five-digit coordinates must be entered.
If not, the NO SOLUTION indicator
will blink and the display will remain.

2. Set to minus zero by the use of function

B-5 (FP RECORD).

1. Any value between —300 and 47500
may be entered.

2. Set to minus zero by the use of function

B-5 (FP RECORD).

3. Entry must be preceded by a + or —

sign,

1. A maximum of 6,400 mils may be
entered.

2. Set to minus zero by use of function
B-5 (FP RECORD).

1. Values must be entered for B-1, B-2,
and B-3. If not, the NO SOLUTION
indicator will blink and . ____. 3 will be
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Table 4-1. Operator Procedures, Honest John Program—Continued

Matrix location/
input function

Entry procedure

Recall procedure

Remarks

B-6
RECALL FP

B-7
PRINT FP LIST

B-8
FP DELETE

N

o=

and enter the azimuth of the orienting
line by using function B-4 (AZ OL).
Depress matrix buttons B-5.

Depress the SM key.

On the keyboard, type the firing point
list number.

Depress the ENTER key.

NA

Depress matrix buttons B-7. -
Depress the SM key.

To obtain a printout of the entire firing
point list, type 0 on the keyboard and
depress the ENTER key. To obtain a
printout of a single firing point, type
the number of firing point and depress
ENTER key.

Depress matrix buttons B-8. -
Depress the SM key.

On the keyboard type the number of the
firing point to be deleted.

Depress the ENTER key. (The KEY-
BOARD indicator will remain lit.)

On the keyboard type 0 to delete the
firing point or type 9 to dismiss the
command.

Depress the ENTER key. (Firing point
data will be either retained or deleted,

1. To recall a firing point from the firing
point list:

a. Depress matrix buttons B-6.

b. Depress the SM key.

¢. On the keyboard, type the firing
point number of a specifi¢ firing point.

d. Depress the ENTER key. (A
vacancy on the list will cause the NO
SOLUTION indicator to blink and a minus
zero display.)

2. To recall a mission-associated firing
point:

a. Depress the appropriate mission
association buttons.

b. Depress matrix buttons B—6.

¢. Depress the RECALL key.

NA

displayed.

. The computer will accept firing point

numbers from 1 through 16.

. Use of this function sets data in B-1,

B-2, B-3 and B—4 to minus zero.

. Mission-associated only if recalling a

mission-associated firing point.

. Display will include firing point easting,

northing, and altitude.

. Used to obtain a printout of the firing

point numbers, the coordinates of firing
points, and the azimuths of the orienting
lines of the firing points of either the
entire list or a single firing point on the
list.

. The RESET button may be depressed

to terminate the printout mode when a
printout of less than the complete list is
desired.

. Used to replace data on the list with

minus zero.

. To insure against accidental deletion of

a firing point, enabling entry 0 is used
to affirm deletion or 9 is used to dismiss
the command.
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Cc1
CREST RANGE

c-2
CREST ALT

c-3
CREST CLEAR
ASSUR

C+4
MET STD

C-b
MET INPUT

g 1o

W w

=

g o

o= -

&

depending on whether 0 or 9 was
entered.)

Depress matrix buttons C-1.

Depress the SM key.

On the keyboard, type in the range to
the crest in meters.

Depress the ENTER key.

Depress matrix buttons C-2.

Depress the SM key.

On the keyboard, type the altitude of the
crest in meters.

" Depress the ENTER key.

Depress matrix buttons C-3.

Depress the SM key. (The COMPUTE
indicator will light and the assurance,
in percentage, of clearing the crest will
be displayed in the following format):
AXX 05200 X0450 XX98

The input range and altitude used will
be displayed in the DEFLECTION and
TIME OF FLIGHT windows and the
percentage of assurance will be dis-
played in the last two Nixie tubes of the
QUADRANT window.

Depress matrix buttons C—4.

Depress the SM key.

On the keyboard, type 0 to use standard
met or type 9 to dismiss this command.
Depress the ENTER key.

Depress matrix buttons C-5.
Depress the SM key.

On the keyboard, type the input code:
0—keyboard entry or

1—tape reader

2—individual line

If 0 is entered, the computer will de-
mand the identification line by an 88
display. Enter the identification line:
2 digits (date)

8 digits (Greenwich meantime)

1 digit (period of validity)

3 digits (MDP altitude to nearest 10

meters)

3 digits (surface pressure)

Depress the ENTER key.

After the ENTER key has been de-
pressed, the computer will demand each

-
.

-
.

Depress matrix buttons C-1.
Depress the RECALL key.

Depress matrix buttons C-2.
Depress the RECALL key.

Depress matrix buttons C—4.
Depress the RECALL key. (Either 0 or
9 will be displayed.)

Depress matrix buttons C-5.

Depress the RECALL key. (The identi-
fication line of the met message will
be displayed.)

On the keyboard, type any line number.
(That line will be displayed.)

Repeat step 3 as required. Depress the
RESET button to end the mode.

A display of zeros indicates that stand-
ard met is in use.

-
.

-
.

Mission-associated.
Input values are from 600 to 38,000
meters.

Mission-associated.

Entry must be preceded by a + or —
sign.

Input values are from —300 to +7500.

Mission-associated.

The program uses a technique that in-
volves the simulation of a minimum
trajectory, based on known dispersion,
that will be exceeded 99.6 percent of the
time. The trajectory ordinate at the
crest range is compared to the crest
altitude (modified by a buffer distance
depending on the warhead-fuze com-
bination). The assurance is computed to
the nearest 1 percent.

When the computed assurance is less
than 50 percent, 0 will be displayed.
Mission-associated.

Computer will automatically use cur-
rent met data for a mission unless this
function is used.

The following flags are applicable to
entry modes:

Flag Entry Mode
0 Manual entry
1 Tape Reader
2 Specific line, manually

Whenever the ENTER key has been de-
pressed and an incorrect number of
digits have been typed for a specific
line, the computer will call for reentry
of the line by displaying the line number.
Whenever the tape reader fails to ac-
cept a line, it will stop and that line
number will be displayed. The remaind-
er of the met message should be entered
manually.

Before any met data is entered, the met
message should be checked for errors.
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Table 4—1. Operator Procedures, Honest John Program—Continued

Matrix location/
input function

Entry procedure

Recall procedure

Remarks

C-6
RECALL FIRING
DATA

C-7
PRINT MSN

C-8
CLEAR MSN
DATA

line, in turn, by displaying its number
(00, 01, 02). Enter each line of met in
sequence (16 digits for each line). To
terminate the input, enter a decimal
point when the line after the last line
is demanded. (See remarks column for
format.) If a mistake has been made
in any line entry and the mode has been
terminated, a correction may be made as
follows:

a. Depress the SM key.

b. Type 2 and depress the ENTER
key. (The KEYBOARD indicator will re-
main lit.) On the keyboard type the line
number to be entered. (The line number
will be displayed.)

¢. On the keyboard, type the correct
data (16 digits) and depress the ENTER
key.

7. If a met tape is to be used, it may be
entered as follows:

a. Load the tape into the tape reader.

b. Depress matrix buttons C-b.

¢. Depress the SM key.

d. On the keyboard, type 1 and depress
the ENTER key. (The reader will automa-
tically read the tape data into memory and
end the mode.)

1. Insure that the appropriate mission _|

association buttons are depressed.

2. Depress matrix buttons C-T7.

3. Depress the SM key. (The computer will
start printing the mission data and stop
after printing the identification line of
met message.)

4. Depress the ENTER key to continue
the printout of the body of the met
message or depress the decimal key to
terminate the mode.

1. Depress the appropriate mission asso-_|

ciation buttons.
2. Depress matrix buttons C-8.

1. Depress matrix buttons C-6.
2. Depress the SM key.

Errors frequently can be detected by
visual examination of the printed in-
formation along the edge of the tape.

. Enter the grid declination by using

function D-4 (GRID DECL) before en-
tering met.

. Mission associated. .
. Data must have been computed. If not,

the NO SOLUTION indicator will blink.

. This mission-associated function should

be used immediately after D-8 (LLW
FINAL DATA). If not, the information
may be lost when other operations are
performed.

. Before duplicate copies of the mission

are printed, low-level wind data must
be reentered, computed, and applied.

. Mission associated.
. This function incorporates an enabling

entry of 0 to clear data or 9 to dismiss

- ! * ‘
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D-1
COMP RANGE
AZ/OA

D-2
CLEAR MEMORY

D-3
+LAT

D4
GRID DECL

o

®

=
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Depress the SM key.
On the keyboard type 0 to clear data or
9 to dismiss the command.

Depress the appropriate mission associa-
tion buttons.

2. Depress matrix buttons D-1.
Depress the SM key. (Range, azimuth
and orienting angle will be computed
and displayed.)

Load the appropriate section of the.
clear hot storage tape into the mechani-
cal tape reader. (This section may be
determined by comparing the number at
the beginning of the tape section with
the line number displayed by the com-
puter in program test 2.)

Depress matrix buttons D-2.

Depress the SM key.

On the keyboard, type the line number
displayed by the computer. Three digits
must be entered, i.e.,, 070. Computer
reads in the proper section of tape
through the mechanical tape reader.
This restores the line number entered
to the same condition it was in after the
program was entered with the signal
data reproducer AN/GSQ-64.

Refer to map of working storage (fig.
4-11) to determine which data were
stored in the cleared line.

Reenter data in cleared line by follow-
ing the normal entry procedure.
Initiate program test 2.

Repeat steps 1 through 7 until the test
of working storage is successful.

Depress matrix buttons D-3.

Depress the SM key.

On the keyboard, depress the + key
(for Northern Hemisphere) on the —
key (for Southern Hemisphere) and
then type the latitude of the unit to the
nearest degree.

Depress the ENTER key.

Depress matrix buttons D—4.
Depress the SM key.

1. Depress the appropriate mission as-

2.

sociation buttons,

Depress the RECALL key. (Data will
be displayed if it has been computed; if
not, the NO SOLUTION indicator will
blind and -00000 will be displayed.)

Depress matrix buttons D-3.
Depress the RECALL key.

Depress matrix buttons D-4.
Depress the RECALL key.

=

the clear command. Use of keys 1
through 8 will produce a NO SOLU-
TION indication and an error display of

Mission associated.

Coordinates of the firing point and
target must have been mission associ-
ated. If not, the NO SOLUTION indica-
tor will blink and ______ 5 will be dis-
played.

Set to minus zero by use of function
C-8 (CLEAR MSN DATA).

Used to clear and restore a selected line
of working storage to the same condition
it was in after the program was entered.
The need for use of this function is
shown by a blinking PARITY indicator,
which indicates an alteration or im-
proper reading from memory.

If the program test of working storage
is successful (136 displayed) and the
parity error persists, the trouble is not
in the working storage and the program
should be reloaded by using the signal
data reproducer AN/GSQ-64.

Clear memory tape consists of a section
of tape for each line of memory. At the
beginning of each section of tape, the
number of the channel of memory is
printed. The computer will accept only
the correct section of the tape according
to the keyboard input.

The computer will accept values from +490°

1.

to —90°.

Used to convert met wind direction from
true azimuth to grid azimuth. If grid

L1-0vr—9 Wi ‘LD
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Table 4—1. Operator Procedures, Honest John Progrdm—Continued

Matrix location/
input function

Entry procedure

Recall procedure

Remarks

D-5

D-6
LLW RANGE DIR

D-7
LLW CROSS/
SPEED

D-8
FINAL DATA

3. On the keyboard, depress the 4+ or —
key and type the numerical value of the
grid declination angle to the nearest mil.

4, Depress the ENTER key.

Not used

1. Depress matrix buttons D-6.

2. Depress the SM key.

3. On the keyboard, type the low-level
range wind component as determined
from the windset. Depress the 4+ key to
denote a head wind.

4. Depress the ENTER key.

Note: If pilot balloon data are to be used, the di-
rection of the low-level wind is entered in step 3.
Values from 0 to 6400 may be entered.

-

Depress matrix buttons D-T.

Depress the SM key.

3. On the keyboard, type the low-level
crosswind component as determined
from the windset. Depress the LEFT
(=) or RIGHT (+4) key to denote
direction.

4. Depress the ENTER key.

Note: If pilot balloon data are to be used, the speed
of the low-level wind is entered in step 3.

N

o=

Depress the SM key.
3. On the keyboard, type the key for the
appropriate flag.

a. Type 1 if the low-level winds were
determined with the windset during other
than nighttime conditions.

b. Type 2 if the low-level winds were
determined with the windset during night-
time conditions.

¢. Type 8 if the 01 line of the met
message previously entered into the com-
puter is to be used as the basis for low-
level wind corrrections.

d. Type 4 if the data entered in D-6

Depress matrix buttons D-8. -

1. Depress matrix buttons D-6.

2. Depress the RECALL key. (If no value
has been entered, -00000 will be dis-
played.)

1. Depress matrix buttons D-T.

2. Depress the RECALL key. If no value
has been entered, -00000 will be dis-
played.

north is to the right of true north, the 4
sign is used. If grid north is to the left
of true north, the — sign is used.

2. The computer will accept values from
+64 to —64 mils.

Not used

1. Mission associated. Either the low-level
wind range components (obtained from
the windset) or the direction in which
the low-level wind is blowing (obtained
from a pilot balloon) may be entered.

2. This function must be preceded by a +
or — sign when pilot balloon direction
data are entered. The computer program
will ignore the sign during computa-
tions.

3. Set to minus zero by use of function
D-8 (LLW FINAL DATA).

1. Mission associated. Either the low-level
crosswind component (obtained from
the windset) or the speed of the wind in
miles per hour (obtained from a pilot
balloon) may be entered.

2. This function must be preceded by a +
or — sign when pilot balloon speed data
are entered. The computer program will
ignore the sign during computation.

3. Set to minus zero by use of function
D-8 (LLW FINAL DATA).

1. A ballistic computation must precede
use of this function. If not, the NO
SOLUTION indicator will blink and
______ 7 will be displayed.

2. When flag 1, 2, or 4 is entered, data must
have been entered in D-6 and D-7. If
not, the NO SOLUTION indicator will
blink and ._.._. 7 will be displayed.

3. Depressing the ENTER key causes the
computer to apply low-level wind cor-
rections to previously computed firing
data.

4. Set to minus zero by function, C-8
(CLEAR MISSION DATA).

5. Data in D-6 and D-7 are set to minus
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E1
MOTOR EMPTY
wT

E-2
PROP WT CORR

E-3
PROP WT

E4
GROSS MOTOR WT

E-5
FIN WT

and D-7 were obtained using a pilot
balloon.

4,

o

N

o

M A

o

Depress the ENTER key. (The final
deflection and quadrant elevation will be
computed and displayed.)

Depress matrix buttons E-1.

Depress the SM key.

On the keyboard type the motor empty
weight to the nearest pound. If the
weight is not known (as with the MGR~
1A rocket), type 0.

Depress the ENTER key.

Depress matrix buttons E-2.

Depress the SM key.

On the keyboard, depress the + or —
key and then type the propellant weight
correction to the nearest tenth of a
pound.

Depress the ENTER key.

Depress matrix buttons E-3.

Depress the SM key.

On the keyboard, type the stenciled
propellant weight for the MGR-~1A
rocket to the nearest pound.

Depress the ENTER key.

Depress matrix buttons E—4.

Depress the SM key.

On the keyboard, type the gross motor
weight to the nearest pound.

Depress the ENTER key.

Depress matrix buttons E-5.

Depress the SM key.

On the keyboard, type the fin weight to
the nearest pound.

Depress the ENTER key.

1. Depress matrix buttons E-1
2. Depress RECALL key.

-
.

Depress matrix buttons E-2.
2. Depress the RECALL key.

=

Depress matrix buttons E-3.
2. Depress the RECALL key.

-
.

Depress matrix buttons E-4.
2. Depress the RECALL key.

1. Depress matrix buttons E-5.
2. Depress the RECALL key.

=

g o

b=

o

zero during computation.

Mission associated.,

The only values that the computer will
accept for this function are from 1900
to 2200 for the MGR-1A rocket and
from 1335 to 1450 for the MGR-1B
rocket. If an improper weight is used,
the computations will result in a NO
SOLUTION indication.

Mission associated.

This function is used only for the MGR~
1B rocket.

This function must be used with a -+
or — sign, even if zero is entered.

The computer will accept any value for
this function from <450 to —50
pounds.

Used for the MGR-1A rocket only.
Mission associated.

The computer will accept any value for
this function from 2,000 to 2,100
pounds.

Mission associated.

Used for the MGR-1A rocket only.
Used only when the motor empty weight
is not known and the propellant and fin
weights are known and entered.
Whenever this function is used, a zero
must be entered in matrix location E-1
(MOTOR EMPTY WT).

The computer will aceept values for this
function from 3,900 to 4,300 pounds.

Mission associated.
Used with the MGR-1A rocket only.
MGR-1A fin weights are:

Fin Weight

M136A1 166 pounds
M136A2 166 pounds
M136A2B1 172 pounds

The MGR-1B fin weight is included in
the stenciled motor empty weight.
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Table 4—1. Operator Procedures, Honest John Program—Continued

Matrix location/
input function

Entry procedure

Recall procedure

Remarks

E-6
PROP TEMP

E-7
SURF PRESS

E-8
MOTOR AGE

F-1
TGT LIST ASSOC

F-2
FP LIST ASSOC

F-3
RKT TYPE

F4
WHD TYPE

[
.

i

o N

w
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Depress matrix buttons E-6.

Depress the SM key.

On the keyboard, depress the 4 or —
key and type the propellant temperature
to nearest degree Fahrenheit.

Depress the ENTER key.

Depress matrix buttons E-7.

Depress the SM key.

On the keyboard, type the surface pres-
sure to nearest millibar or a 0 to cause
the computer to use the met surface
pressure in the met identification line.

Depress matrix buttons E-8.

Depress the SM key.

On the keyboard, type the motor age in
months.

Depress the appropriate mission associ-.
ation buttons.

Depress matrix buttons F-1.

Depress the SM key.

On the keyboard, type the number given
on the target list for the target that is
to be mission associated.

Depress the ENTER key.

Depress the appropriate mission associ-.
ation buttons.

Depress matrix button F-2.

Depress the SM key.

On the keyboard, type the number given
on the firing point list for the firing
point that is to be mission associated.
Depress the ENTER key.

Depress matrix buttons F-3.

Depress the SM key.

On the keyboard, type the key (flag)
for the type of rocket used.

Depress the ENTER key.

Depress matrix buttons F-4.
Depress the SM key.

=

Depress matrix buttons E-6.
2. Depress the RECALL key.

1. Depress matrix buttons E-7.
2. Depress the RECALL key.

1. Depress matrix buttons E-8.
2. Depress the RECALL key.

1. Depress matrix buttons F-3.
2. Depress the RECALL key.

1. Depress matrix buttons F—4.
2. Depress the RECALL key.

=

[
.

Mission associated.

Input must be signed (+ or —).

The computer will accept temperatures
between —30° and +4120° F for the
MGR-1B rocket and between 0° and
+120° F for the MGR-1A rocket.

Mission associated.

The met surface pressure in the identi-
fication line will be corrected by the
computer for the difference in altitude
between the launcher and the met datun
plane (MDP).

The computer will accept data on pres-
sure input between 650 and 1,100 milli-
bars.

Mission associated.

Enter 52 for all values when the motor
age exceeds 52 months.

Used only with the M27, M47, M48 and
M190 warheads.

Used to mission associate a target pre-
viously stored on the target list.

When a target that has not been entered
on the target list is mission associated,
the error display will be _____. 4.
Target will be mission associated when
the display appears.

Used to mission associate a firing point
previously stored on the firing point list.
When a firing point that has not been
entered on the firing point list is mission
associated, the error display will be
______ 4.

Firing point will be mission associated
when the display appears.

Mission associated.

Flags are:

Flag Rocket

31 MGR-IA
50 MGR-1B
Mission associated.
Flags are:
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F-6
WHD WT

F-6
HOB

F-17
OPTION

F-8
AIMING POINT
DF

G-1
OBS AZ

o=
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On the keyboard, type the key (flag)
for the type of warhead used.
Depress the ENTER key.

Depress matrix buttons F-b.

Depress the SM key.

On the keyboard, type the stenciled war-
head weight to the nearest pound.
Depress the ENTER key.

Depress matrix buttons F-6.

Depress the SM key.

On the keyboard, type the height of
burst in meters.

Depress the ENTER key.

Depress matrix buttons F-7.

Depress the SM key.

On the keyboard, type the key (flag)
for the type of fuze option selected.

Depress matrix buttons F-8.

Depress the SM key.

On the keyboard, type the aiming point
deflection to the nearest mil.

Depress matrix buttons G-1.

Depress the SM key.

On the keyboard, type the observer grid
azimuth in mils.

Depress the ENTER key.

1. Depress matrix buttons F-5.
2. Depress the RECALL key.

1. Depress matrix buttons F-6.

2. Depress the RECALL key.

1. Depress matrix buttons F-T7.

2. Depress the RECALL key.

1. Depress matrix buttons F-8.
2. Depress the RECALL key.

1. Depress matrix buttons G-1.

Flag Warhead

Nuclear M27
Nuclear M47
Nuclear M48
High-explosive M6A1
High-explosive M144
High-explosive M186
Flash-smoke M38
Chemical M190

1 G N

. Mission associated.
. The computer will accept any value for

this function from 1,185 to 1,285 pounds
for nuclear or chemical warheads and
from 1,575 to 1,675 pounds for high-
explosive or flash-smoke warheads.

. Mission associated.
. Used only to enter a specific height of

burst above target for the nuclear war-
heads or the M38 warhead.

. Special instructions are given in FM

6-40-1A.

. The computer will accept any wvalue

from 0 to 1000 for the nuclear warheads
and 0 to 2000 for the M38 warhead.

. When matrix function F-7 (OPTION)

is used, the value entered in this funec-
tion is set to an unrecognizable form.

. Mission associated.
. Special instructions are given in FM

6—40-1A.

. Not used with the flash-smoke warhead

M3s.
. Flags are:
Flag Fuze option
0 Impact
1 Low air
2 High air

. Mission associated.
. The deflection is entered as soon as it is

known.

Used to enter the azimuth in survey (See

matrix function G-5 (SURVEY).) Azi-
muth must be entered to at least the
nearest mil but may be entered to the
nearest 0.01 mil.
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Table ;1. Operator Procedures, Honest John Program—Continued

Matrix location/
input function

Entry procedure

Recall procedure

Remarks

G-2
OBS HORIZ DIST

G-3
OBS SLANT DIST

G4
OBS VERT ANGLE

G-b
SURVEY

Depress matrix buttons G-2.

Depress the SM key.

3. On the keyboard, type the observer
horizontal distance in meters.

4. Depress the ENTER key.

L

=

Depress matrix buttons G-3.

Depress the SM key.

On the keyboard, type the observer slant
distance in meters.

g0 1o

Depress matrix buttons G—4.

Depress the SM key.

On the keyboard, depress the 4 or —
key and type the observer vertical angle
to the nearest mil.

4. Depress the ENTER key.

wo e

1. The procedure for solving a traverse is.
as follows:

a. Depress matrix buttons G-5.

b. Depress the SM key.

¢. On the keyboard, type 1 (traverse
flag).

d. Depress the ENTER key.

e. During matrix location H-5 (OBS
RECALL), recall the coordinates and
altitude of the initial station or, if the data
have not been previously entered, enter
these data in matrix locations H-1, H-2
and H-3.

f. Using matrix location G-1, enter
the azimuth to the forward station.

g. Using matrix locations G-2 or G-8
and G4, enter the distance and vertical
angle.

1. Depress matrix buttons G-2.
2. Depress the RECALL key.

[
.

Depress matrix buttons G-3.
2. Depress the RECALL key.

[
.

Depress matrix buttons G—4.
2. Depress the RECALL key.

Eadi

Either the horizontal distance or the
slant distance (but not both) may be
entered.

Set to minus zero during computation.
Horizontal distance may be entered to at
least the nearest meter but may be
entered to the nearest 0.01 meter. A

maximum of seven digits may be entered. -

Maximum input is 50,000 meters.

1. Either the slant distance or the horizon-

tal distance (but not both) may be
entered.

Set to minus zero during computation.
Slant distance must be entered to at
least the nearest meter but may be
entered to nearest 0.01 meter. A maxi-
mum of seven digits may be entered.
Maximum input is 50,000 meters.

A plus or minus sign must precede the
entry.

Set to minus zero during computation.
Used with matrix function G-56 (SUR-
VEY). Must be entered to at least the
nearest mil but may be entered to the
nearest 0.01 mil.

This function requires an entry. If no
vertical angle is to be used, enter + 0.
This function provides for entry of a
flag to identify the specific survey pro-
cedure to be computed; they are:

Flag Procedure
1 Traverse
2 Intersection
3 Zone to zone

The operator should proceed in a fixed
sequence in the solution of most survey
problems. The sequence is detailed under
entry procedures.

In the problems in survey, the com-
puter enters the compute mode when the
TRIG button is depressed after the last
data needed in the solution of a problem
has been entered. '

When an error has been made in the
entry of data and computation has

1-0v—9 Wi ‘LD
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G-6
LOCAL ZONE

h. Depress the TRIG button. (The
COMPUTE indicator will light momentar-
ily and the coordinates of the forward
station will be displayed.)

1. Continue traverse computation by re-

peating steps f through h.

2. The procedure for solving an inter-
section is as follows:

a. Depress matrix buttons G-5
(SURVEY).

b. Depress the SM key.

¢. On the keyboard, type 2 (intersec-
tion flag).

d. Using matrix function H-5, recall
the coordinates and altitude of one of the
two observers.

e. Using matrix functions G-1 and
G-4, enter the observer azimuth and
vertical angle to the unknown point.

f. Repeat steps d and e above for the
second observer. (Only one vertical angle
may be entered.)

g. Depress the TRIG button. (The
coordinates of the intersection will be com-
puted and displayed.)

3. The procedure for solving a zone-to-
zone transformation is as follows:

a. Depress matrix buttons G-5 (SUR-
VEY).

b. Depress the SM key.

¢. On the keyboard, type 3 (zone-to-
zone flag) and depress the ENTER key.

d. Using matrix functions H-6, H-7,
H-8, G-6, G-7, and G-8, enter the zone-to-
zone transformation data.

e. Depress the TRIG button. (The
transposed coordinates and azimuth will be
displayed and automatically entered in loc-
ations A-1 and A-2.)

Note: The altitude of the transposed point is nor-
mally determined from a map or the fire mission
data and should be entered in matrix function before
the coordinates are stored on the target list.

1. Depress matrix buttons G-6.

2. Depress the SM key.

3. On the keyboard, depress the + key
(for Northern Hemisphere) or the —
key (for Southern Hemisphere) and
then type the local UTM grid zone
number.

1. Depress matrix buttons G—6.

2. Depress the RECALL key.

occurred, the problem must be solved
again. Normally this requires reentry of
all data.

. The computed coordinates for each

station along a traverse or the unknown
station determined by intersection are
recorded in H-1, H-2, and H-3 and may
be recalled separately if data are needed
to the nearest .01 meter.

. The computed transposed coordinates
in the zone-to-zone transformation are

recorded in A-1 and A-2.

. Used to enter the UTM zone number of

the local zone to which coordinates of
the station are being transformed.

. Range of input is from —60 to +60.
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Table 4-1. Operator Procedures, Honest John Program—Continued

Matrix location/
input function

Entry procedure

Recall procedure

Remarks

G-7
STA ZONE

G-8
STA AZ

H-1
OBS EAST

H-2
OBS NORTH

H-3
OBS ALT

H-4
OBS RECORD

oM

P

o=

o

Depress the ENTER key.

Depress matrix buttons G-7.

Depress the SM key.

On the keyboard, depress the 4 key
(for Northern Hemisphere) or the —
key (for Southern Hemisphere) and
then type the station UTM grid zone
number,

Depress the ENTER key.

Depress matrix buttons G-8.

Depress the SM key.

On the keyboard, type the value of the
azimuth in the adjacent zone in mils to
the accuracy desired.

(Enter the value 6400 to designate grid
north or 0 to indicate that no azimuth is
being transformed.

Depress matrix buttons H-1.

Depress the SM key.

On the keyboard, type the observer east-
ing.

Depress the ENTER key.

Depress matrix buttons H-2.

Depress the SM key.

On the keyboard type the observer
northing.

Depress the ENTER key.

Depress matrix buttons H-3.

Depress the SM key.

On the keyboard, depress the + or —
key and then type the altitude to the
nearest meter.

Depress the ENTER key.

Depress matrix buttons H-4.
Depress the SM key.

1. Depress matrix buttons G-7.
2. Depress the RECALL key.

-
.

Depress matrix buttons G-8.
2. Depress the RECALL key.

1. Depress matrix buttons H-1.
2. Depress the RECALL key.

1. Depress matrix buttons H-2.
2. Depress the RECALL key.

L

Depress matrix buttons H-3.
2. Depress the RECALL key.

. Used to enter the UTM zone number in

the transformation of coordinates from
an adjacent zone to a local zone.

. Range of input is from —60 to 4-60.
. Set to minus zero during computations

by use of matrix function G-5 (SUR-
VEY).

. Used to enter the azimuth to be trans-

formed in the Zone-to-zone transforma-
tion routine.

. The azimuth must be entered to at least

the nearest mil but may be entered to
the nearest .01 mil.

. The value entered in this function is set

to minus zero during computation.

. Used to enter the observer easting for

use in traverse and intersection survey.

. Five-digit coordinates must be entered.

If not, the NO SOLUTION indicator
will blink and the display will remain.
(For corrective action, reinitiate entry
procedure and enter observer easting
correctly.) '

. Entry may be made to nearest 0.01.
1. Used to enter the observer northing for

use in traverse and intersection survey.

. Five-digit coordinates must be entered.

If not, the NO SOLUTION indicator
will blink and the display will remain.
(For corrective action, reinitiate entry
procedures and enter correctly.)

. Entry may be made to nearest 0.01

meters.

. Used to enter the observer altitude for

use in traverse and intersection survey.

. Entry must be to at least the nearest

meter and may be made to the nearest
0.01 meter.

. Values must have been entered in mat-

rix locations H-1, H-2, and H-3. If not
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H-5
OBS RECALL

H-6
STA EAST

H-7
STA NORTH

H-8
STA SPHERE

b=

= A

woE A

On the keyboard, type the number (1
through 9) to identify the observer
location (OP)

Depress the ENTER key.

Depress matrix buttons H-6.

Depress the SM key.

On the keyboard, type the easting
coordinate of the station to be trans-
formed. (Six-digit coordinates must be
entered to identify the 100,000-meter
grid square.)

Depress the ENTER key.

Depress matrix buttons H-T7.

Depress the SM key.

On the keyboard, type the northing
coordinate of the station to be trans-
formed. (Seven-digit coordinates must
be entered to identify the 100,000-meter
grid square.)

Depress the ENTER key.

Depress matrix buttons H-8.

Depress the SM key.

On the keyboard type the spheroid
number:

Spheroid Flag
Clark 1866 1
International 2
Clark 1880 3
Everest 4
Bessel 5

Depress the ENTER key.

s

Depress matrix buttons H-5.

Depress the SM key.

On the keyboard, type the observer
number and depress the ENTER key.
(A vacancy on the list will cause the
NO SOLUTION indicator to blink and
a display of ______ 3.)

Depress matrix buttons H-6.
Depress the RECALL key.

Depress matrix buttons H-17.
Depress the RECALL key.

Depress matrix buttons H-8.
Depress the RECALL key.

=

the NO SOLUTION indicator will blink.
Each observer location must be assigned
a number from 1 to 9.

The observer number will be displayed
in the CHARGE window.

The range of input is from 1 to 9.
The observer number will be displayed
in the CHARGE window.

Used to enter the UTM easting coordin-
ate of the station to be transformed in
the zone-to-zone transformation.

The range of input is from 100,000 to
899,999.

The entered value is set to minus zero
during computation.

Used to enter the UTM northing coordin-
ate of the station to be transformed in
the zone-to-zone transformation routine.
The range of input is from 0 to
10,000,000.

The entered value is set to minus zero
during computation.

Used to enter the spheroid flag indicat-
ing the mapping spheroid to be used in
the zone-to-zone transformation.

The range of input is from 1 to 5.

The entered value is set to minus zero
during computation.
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Table 4—2. No Solution Displays

Display . Meaning of display

_______________________ 1 Magnitude of input exceeds limits.

_______________________ 3 Failure to enter one or more of the inputs (easting, northing, or altitude) that identify
the observer, firing point, or target before attempting to store the data; recall of a
target, firing point, or observer not on the target, firing point, or observer list; or
use of the RECALL key with a recall function.

_______________________ 4 Attempt to mission associate a target or firing point not on the target or firing point
list. N

_______________________ 5 Failure to mission associate firing point or target data. -

_______________________ 6 Attempt to compute crest clearance for a mission that has not been computed.

....................... 7 Failure to enter low-level wind data, or attempt to compute low-level wind before the
mission was computed.

_______________________ 9 Use of incorrect enable or dismiss code.

_______________________ 10 Failure to depress mission association buttons or attempt to print mission before the
mission was computed.

_______________________ 11 Improper change of matrix or mission association buttons.

_______________________ 15 Incomplete data for crest clearance computations.

_______________________ 17 Crest range exceeds target range.

_______________________ 19 Target range exceeds maximum range of system.

_______________________ 21 Failure to enter no vertical angle.

_______________________ 22 Failure to enter azimuth.

_______________________ 23 Traverse leg exceeds 50,000-meter limit,

_______________________ 24 Failure to enter azimuth in intersection survey.

_______________________ 25 Entry of two vertical angles in intersection survey.

_______________________ 26 Entry of zero horizontal or slant distance.

_______________________ 27 Failure to enter horizontal or slant range.

-00000 Recall of data that has been set to minus zero or that has not been entered.

______________________ XY Improper or incomplete entry at matrix location XY. (X is the lettered row and Y is

the numerical column for the matrix location.)

NO SOLUTION indicator Failure to enter the proper number of digits.
blinks and display remains

NSL One or more of the following:
No Display a. Attempt to recall data that is not recallable.

b. Failure to depress matrix buttons.

¢. Use of a blank matrix position.

d. Failure to depress mission association buttons.

Section VIIl. HOW FADAC COMPUTES

tial data entered, it calculates the height of burst
relative to the launcher. From this information, R
the computer selects a trial quadrant elevation

4-48. General

The computer solves the gunnery problem for the

rocket in three‘phases: Lo . based on the empirical data entered in its mem-
a. Range, azimuth, and initial firing data se- ory.

lection. . )
b. Data computation for powered flight. ) (2) Step 4. Using the trial quadrant 6.31(?'
Traiecto tati P Right vation as an argument to enter a table of empiri-
¢. Trajectory computation for free flight. cal data stored in the memory, the computer de-

termines the position of the rocket at motor burn-
out in range (X), (Y), and angle of travel (@)
along a hypothetical trajectory.

(3) Step 5. After motor burnout, the com-
puter considers the velocity and angle of travel
at this point and then simulates the flight of

4-29. Steps in Computation

a. The series of computations made by the
computer are depicted in figures 4-17 through
4-20. The six steps in computation are explained
below :

(1) Steps 1 through 8. Using the coordin-
ates of the firing position and the target, the
FADAC mathematically calculates the range
and azimuth of fire. Then, using the other ini-

4-32

the rocket through the existing conditions of
weather by using data on the rocket’s known
ballistic effects of rotation of the earth and grav-
ity and by numerically integrating the equations




USE STORED
MISSION DATA

COMPUTE @

AZIMUTH 8 RANGE

®

SELECT A
TRIAL QE
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@ FADAC uses input firing point, target coordinotes
and the other mission associated data .

to compute on accurate grid azimuth and
range tfhen

Using a stored equation calculates a ftrial
quadrant elevation.

Figure 4—17. Steps 1 Through 8 of Computation.

of motion for a projectile in flight. At each inte-
gration, the computer applies the nonstandard
conditions to the equations of motion to deter-
mine a new velocity, integrates the acceleration
of the rocket to find the velocity, and then inte-
grates the velocity of the rocket to determine
the rocket’s displacement in horizontal distance
(X) and vertical distance (Y).

(4) Step 6. At the completion of each veloc-
ity integration, the computer compares the alti-
tude of the rocket with the target altitude. When
the computed altitude of the rocket is equal to
or less than the altitude of the target, the com-
puter stops the integration and computes a miss
distance by comparing the location of the rocket
with that of the target. If the miss distance is
less than 30 meters, the computer applies a cor-
rection and displays the firing data. If the miss
distance is 30 meters or greater, the computer
corrects the initial quadrant elevation (step 3)
and recomputes the trajectory. The computer con-
tinues this comparison until the miss distance
is reduced to less than 30 meters.

b. Using the integration method, the bomputer

also applies corrections to deflection for earth
curvature, rotation of the earth, and ballistic
cross-wind. When the computation is completed,
the computer displays the initial deflection, fuze
setting, and quadrant elevation. Data for low-
level winds are then entered, and the computer
computes the corrections, applies them to the ini-
tial deflection and quadrant elevation, and dis-
plays the final firing data.

4-30. Crest Clearance Assurance

The FADAC computes crest clearance assurance
for any crest at a range of 1,000 meters or great-
er from the launcher. The solution displayed is
the percentage of assurance of the rocket clear-
ing a crest. Any computed assurance of less than
50 percent is considered to be zero because, in
such situations, the chance of accomplishing the
mission is less than even; therefore, the mission
should be aborted. The program logic used in
the computation of clearance assurance is similar
to the manual logic.
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@ Using the triol QE FADAC solves for the range (Xy), height (Yg)
ond a velocity (Vg) ... .

Wity M/ vidlh ST

Figure 4~18. Step 4 of Computation.

4-34



C1, FM 6-40-1

After motor burnout, FADAC applies all the known ballistic conditions
@ affecting the rocket flight, using equations of motion to compute

range (X;), height (Y>) and velocity (V;) for a selected

time interval ... . .

Vs[\
1%

. then integrating acceleration to obtain velocity
the computations are repeated for a second time interval
to compute range (X2), height (Y2) and o new velocity
) (V,) ond so on .

Figure 4-19. Step 5 of Computation.
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FADAC computes the altitude of the rocket at each

time

interval . When the rocket altitude is less than

the target aititude computations hait . . .

\\T174

—

AN

Y
ﬁ\h/f X n

The sum of Xg

+ X

...+ Xp is
compared to the computed range .. .and ...

RECOMPUTE
TRAJECTORY

CORRECT FOR
MISS DISTANCE

— J
Y

COMPUTE
THE

MISS DISTANCE

No Yes DISPL AY
i SOLUTION

if the miss distance is less thon 30 meters .

FADAC asks
If it is, the solution is displayed ; if not, the program

corrects for the miss distance and recomputes the
trajectory .

4-31. Mission Association

Firing data are mission associated by use of the
mission association buttons on the right side of
the matrix panel (para 4-13).

Figure 4-20. Step 6 of Computation.

Section IX.

4-32. Operator Steps in Solving a Fire

Mission

The steps in solving a fire mission problem are
performed in the sequence given in a through
! below. However, this sequence is only a guide

4-36

FIRE DIRECTION

and it may be altered to fit the availability of
data in a given situation. These steps provide an
efficient and fast procedure for solving the gun-
nery problem.

a. Designate the mission number by depress-
ing the appropriate mission association buttons
number (1 or 2) and letter button (A, B, C, D,
or E).

b. Clear the mission location by using matrix
function C-8 (CLEAR MSN DATA).




¢. Using matrix function F-1 (TGT LIST
ASSOC), select the target by number from the
target list. A target must be stored on the tar-
get list before it can be mission associated.

d. Using matrix function F-2 (FP LIST AS-
SOC), select the firing point from the firing
point list. A firing point must be stored on the
firing point list before it can be mission associ-
ated.

e. Compute the range, azimuth of fire, and
orienting angle by using matrix function D-1
(COMP RANGE AZ/OA).

f. Enter the met message, grid declination
angle, and latitude by using matrix functions
C-5 (MET INPUT), D-4 (GRID DECL) and
D-8 (LAT). If this information has already
been entered, it will be applied to the mission
without any action by the operator.

g. Using the appropriate matrix functions, en-
ter the rocket type, warhead type, warhead
weight, height of burst or option, empty weight,
and other known data.

h. Compute the initial deflection the fuze set-
ting, and the quadrant elevation by depressing
the COMPUTE button.

2. Using matrix functions C-1 (CREST
RANGE), C-2 (CREST ALT), and C-3
(CREST CLEAR ASSUR), compute the crest
clearance if necessary.

C1, FM 6-40-1

j. Approximately 2 minutes prior to firing the
mission, enter low-level wind data by using ma-
trix functions D-6 (LLW RANGE/DIR) and
D-7 (LLW CROSS/SPEED) and compute and
apply low-level wind corrections to obtain final
data by using matrix function D-8 (LLW FI-
NAL DATA).

k. Precompute and store mission data by us-
ing the procedure in steps a through h. When
new meterological messages are received or a
change in other input data has occurred, update
the mission as follows:

(1) Depress the appropriate mission associ-
ation buttons and use matrix function C-6 (RE-
CALL FIRING DATA) to recall the mission fir-
ing data.

(2) Use matrix function C-4 (MET STD)
to dismiss met standard, if current met is to be
used to compute the mission.

(3) Using matrix function C-5 (MET IN-
PUT), enter the latest met message.

(4) Using the appropriate matrix functions,
enter any new data pertinent to the mission and
repeat steps h through j.

I. After the final data have been computed
(step j), obtain a printout of the mission by
using matrix function C-7 (PRINT MSN).

m. When a particular mission set of data is
no longer needed, clear the data from the hot
storage section of memory by using matrix func-
tion C-8 (CLEAR MSN DATA).

Section X. REFERENCE INFORMATION

4-33. Rocket Reference Data

The rocket programs compute weight data on
the basis of the types of rocket, warhead, and

launcher being used; therefore, manual weight
computations are unnecessary. Table 4-3 shows
the matrix input function for weight data applic-
able to the rocket types.

Table 4—3. Rocket Weight Data

Matrix location Applicable to rocket types

Remarks

E-1 (MOTOR EMPTY WT)
F-5 (WHDWT)

MGR-1A and MGR-1B
MGR-~-1A and MGR 1B

E-2 (PROP WT CORR) MGR-1B only
E-5 (FIN WT) MGR-1A only
E-3 (PROP WT) MGR-1A only
E—4 (GROSS MOTOR WT) MGR-1A only

Weight stenciled on motor.

Weight stenciled on warhead.

Weight stenciled on motor.

166 pounds or 172 pounds, according to fin type.

Weight stenciled on motor. Use only when E-2 is not used.
Weight stenciled on motor.
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4-34. Rocket Warhead Data
The use of matrix input functions F—6 (HOB)

and F-7 (OPTION) depends on the type of
warhead being fired. Rocket and warhead com-

binations and fuzing information and the appro-
priate inputs for matrix functions F-6 (HOB)
and F-7 (OPTION) are shown in table 4-4.
For additional information, see FM 6-40-1A.

Table 4—4. Rocket Warhead Data

Warhead type Flag

Applicable matrix
location

Remarks

Nuclear M27
Nuclear M47
Nuclear M48

F-6 (HOB)
F-7 (OPTION)

Enter either HOB or OPTION.

See FM 6-40-1A.

HE M6A1
HE M144
HE M186

F-7 (OPTION) only

Enter one of the following flags:
1—low airburst.
2—high airburst.

Flash-smoke M38 (practice)

F-6 (HOB) only

Enter height of burst above target in meters.

0| 3| O | GO =

Chemical M190 (E19R2)

F-7 (OPTION) only

Enter one of the following flags:
1—low airburst.
2—high airburst.

4-35. Computer Meteorological Message
Tape Preparation

a. Met message perforated tapes would be pre-
pared for use in training the operators to solve
sample problems. In actual operations, it is the
function of the met section at a higher echelon
to prepare and transmit the met message for
use at unit level; however, tapes to be used for
training may be prepared as outlined below.

b. The entry of any data into the FADAC is
a function of the computer program; therefore,
the met message must be prepared in a format
that will conform to the input portion of that
program and the perforated tape must be in a
specific format to be acceptable for input. Any
deviation from the procedure for cutting the
tape will cause the computer to reject the tape
message.

¢. The procedures for cutting a training met
message tape are as follows:

(1) Advance the tape 4 to 5 inches by using
the tape advance lever on the teletypewriter re-
perforator-transmitter TT-76.

(2) Cut the text of the message starting
with the identification lines (12 digits each),
and then cut the met data lines. Use 16 digits
for each data line, and use only one carriage
return (CR) and one line feed (LF) instruc-
tion at the end of each line.

(3) After cutting the last line of available
met data and a carriage return and line feed,
cut the digit 9 and one carriage return instruc-
tion. The digit 9 is a stop instruction to the
FADAC.

(4) Advance the tape 3 to 4 inches by using
the BLANK key or the tape advance lever on
the TT-76.

Table 4-5. Standard Computer Meteorological Message Tape Preparation Procedures

Message parts Met message test

Machine functions

Remarks
CR-Carriage return
LF-Line feed

Advance the tape 4 to 5 inches by
using the BLANK key on the
TT-76 teletypewriter.

Blank tape is used to thread the
tape into the mechanical tape
reader.

Introduction METCMO0512018 1CR,1LF Identification lines.

Valid time group 070952031972 LCR,1LF

Body. 0002000526621972 1CR,1LF The carriage return code causes
0102601026281940 1CR,1LF the computer to store the 16
0203002026021884 1CR,1LF digits preceding the code.
0305102225881862 1CR,1LF
= *x = *x * x = *
10182050251006543 1CR,1LF
9 1CR The digit 9 is a stop instruction.

Advance the tape 3 to 4 inches by
using the BLANK key on the
TT-76 teletypewriter.
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4-36. Flag Card contains all reference data in a ready-to-
Figure 4-21 shows the flag card, which use form.

FLAG CARD - HONEST JOHN ROCKET (M31, FM50) REVISION 1 PROGRAM

Detailed procedures are contained in FM 6-40-1

Program Test Nr 1 will result in the following display: 2 00000 00010 00762

SECTION I - FLAGS SECTION II - HOT MEMORY STORAGE CAPACITY
‘1. LLW FINAL DATA (D-8) TGT: RECORD (A-5) - 32
1 - All other than nightime FP RECORD (B-5) - 16
2 - Nightime conditions OBS RECORD (H-4) - 9
3 - Pilot balloon or line 01 met MISSIONS (Al...E5) 10
2. LAT (D-3), ADJ ZONE (G-6) SECTION III -~ WEIGHT INPUT LIMITS
LOCAL ZONE (G-7)
+ Northern hemisphere Function Type Limits
~ Southern hemisphere MOTOR EMPTY WT (E-1) MGR 1A Rkt 1900-2200
MGR 1B Rkt 1335-1450
3. RKT TYPE (F-3) PROP WT CORR (E-2) MGR 1B Rkt =50 —+50
31 - MGR~1A PROP Wt (E-3) MGR 1A Rkt 2000-2100
50 - MGR-1B GROSS MOTOR WT (E-4) MGR 1A Rkt 3900-4500
FIN WT (E-5) MGR 1A Rkt 166-172
4. WHD TYPE (F-4) WHD WT (F-5) M27 ,M47 ,M48
1 - Nuclear M27 or M190 whd 1185-1285
2 - Nuclear M47 HE or Flash/smk1575-1675
3 - Nuclear M48
4 - HE M6Al SECTION IV NO SOLUTION INDICATIONS
5 - HE M144
6 - HEXM186 ..., 1 Input value too large
7 - Flash/smoke M38  ..... . 3 Input data incomplete
8 - Chemical M190 eeeees 4 Firing point or target not on list
esssss 5 Inputs for RG/AZ/OA computation incomplete
5. OPTION (F-7)  ceeens 6 No mission defined for crest clearance
0 - Impact eesess 7 Incomplete LLW data
l1-Lowair ... .9 Incorrect enable code
2 - High aix ... 10 Improper use of function
eeess 11 Matrix or mission buttons improperly
6. SURVEY (G-5) changed
l1.- Traverse  ..... 15 Incomplete data for crest clearance
2 - Intersection = ..... 17 Crest range exceeds target range
3 - Zo#e to zome = ..., 19 Out of range
eeees 21 Improper vertical angle entry
7. BPHEREGH-8) ... 22 Azimuth not entered
1 - Clarke 1866, ..., 23 Traverse leg exceeds limit of 50,000
2 - International eesse 24 Improper azimuth entry
3 - Clarke 1880 esess 25 Two vertical angles entered for
4 - Everest intersection
5 - Bassgel. «e... 26 Zero entered for horizontal range

«eess 27 Range not entered
-00000 Recalling nonexistent data
NSL Matrix buttons not depressed, blank
matrix window used, unused button dep-
ressed or mission association buttons
not depressed
Xy Improper or incomplete entry at matrix

location XY

Figure 4-21. Flag card.
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Section XI. SOLVING PROBLEMS BY USE OF FADAC

4-37. General

a. The problems in this section illustrate the
computation of firing data for the Honest John
rocket and the computation of selected types of
survey by use of the M18 gun direction com-
puter FADAC. The problems should be solved
in sequence for maximum training value and
understanding.

b. After setting up the computer, the opera-
tor should run program tests 1 and 2 to insure
that the computer is operating properly.

4-38. Sequence of Events in Processing a
Fire Mission

a. In most tactical situations, the sequence of
events in processing a fire mission dictate the re-
ceipt and computation of specific data when us-
ing the FADAC. These events normally occur
in the following sequence:

(1) Position areas and firing points (FP)
are selected, survey is conducted, and communi-
cations are established.

(2) The battalion fire direction center re-
ceives the fire mission from higher headquarters.

(3) The battalion S3 or fire direction officer
issues a fire order to include a mission associa-
tion number (the firing point-target association
letter and number used by the FADAC operator
to enter data).

(4) On the basis of the information in the
fire mission and the fire order and the data com-
puted by the FADAC the S3 issues a warning
order to the battery designated to fire the mis-

sion.

(6) The FADAC operator enters all avail-
able data into the computer, to include the lat-
est meteorological message, and computes the
range, azimuth of fire, orienting angle, initial
firing data, and, if necessary, crest clearance as-
surance.

(6) The azimuth of fire and orienting angle
are sent to the firing platoon as soon as possible.

(7) When the firing platoon reaches the fir-
ing position the surface pressure and propellant
temperature are measured. These data as well as
the aiming point deflection are sent to the fire
direction center, where they are entered into the
FADAC.
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(8) Using the latest propellant temperature,
surface pressure, and meteorological data, the
FADAC operator computes firing data, which
are sent to the firing platoon.

(9) Two minutes prior to firing, the low-
level wind data are measured and sent to the fire
direction center.

(10) The FADAC operator immediately en-
ters the low-level wind data (or causes the com-
puter to calculate corrections from the 01 line
of the met message) and computes final data.

(11) The final deflection and quadrant eleva-
tion are sent to the firing platoon immediately.

b. The sequence of events discussed above may
vary with the situation. In some cases, firing
may take place from the position area. In that
event, step (7) is not necessary.

4-39. Computation of Traverse

a. From the data determined by the bat-
talion survey section, the following field notes
are available:

(1) The coordinates of the survey control
point (SCP) are 46963.6-31694.5 and the alti-
tude is 418.8 meters.

(2) Traverse field data are as follows:

Vertical

Azimuth Distance angle

(mils) (meters) (mils)

From SCP to TS1 5598.1 918.06 —2.6
From TS1 to TS2 692.5 1121.87 —44
From TS2 to TS3 5858.7 995.08 —3.3
From TS3 to FP1 5008.3 1120.62 —2.5

b. The operator of the MI18 computer can
compute the coordinates of each traverse station
(TS) and of firing point 1 by using the follow-
ing procedure.

(1) Depress matrix buttons G-5 (SUR-
VEY) and then depress the SM key.

(2) Type (traverse flag) 1 on the keyboard
and depress the ENTER key.

(3) Depress matrix buttons H-1 (OBS
EAST) and then depress the SM key.

(4) On the keyboard, type 46963.6 (the
easting coordinate of the SCP) and depress the
ENTER key.

(5) Depress matrix buttons H-2 (OBS
NORTH) and then depress the SM key.

(6) On the keyboard, type 81694.5 (the




northing coordinate of the SCP) and depress
the ENTER key.

(7) Depress matrix buttons H-3
ALT) and then depress the SM key.

(8) On the keyboard, type 418.8 (the alti-
tude of the SCP to the nearest 0.1 meter) and
depress the ENTER key.

(9) Depress matrix buttons G-1 (OBS AZ-
IMUTH) and then depress the SM key.

(10) On the keyboard, type 5598.1 (the azi-
muth from the SCP to TS1) and depress the
ENTER key.

(11) Depress matrix button G-2 (OBS
HORIZ DIST) and then depress the SM key.

(12) On the keyboard, type 918.06 (the hori-
zontal distance from the SCP to TS1) and de-
press the ENTER key.

(18) Depress matrix buttons G-4 (OBS
VERT ANGLE) and then depress the SM key.

(14) On the keyboard, type —2.6 (the verti-
cal angle from the SCP to TS1) and depress the
ENTER key.

(15) Depress the TRIG buttton; the coordin-
ates and altitudes of TS1 will be computed and
displayed: 46313 32342 417.

(16) If these coordinafes are to be saved,
the operator may store them in the computer
memory as follows:

(OBS

(a) Depress matrix locations H-4 (OBS
RECORD) and then depress the SM key.

(b) On the keyboard type 1 (file num-
ber) and depress the ENTER key.

Note: Although the coordinates are displayed only to
the nearest meter, they are computed and stored to the
nearest 0.01 meter. To recall the coordinates to the near-
est 0.01 meter, depress matrix buttons H-1 (OBS EAST)
and then depress the RECALL key. The northing and
altitude may be recalled in a similar manner.

(¢) Depress matrix buttons H-5 (OBS
RECALL) and then depress the SM key.

(d) Type 1 on the keyboard and de-
press the ENTER key.

(17) Using the field data from TS1 to TS2,
continue the traverse by repeating steps (9)
through (15). The coordinates and altitude of
TS2 are: 47019 33215 412.

(18) Using the field data from TS2 to TS3,
continue the traverse by again repeating steps
(9) through (15). The coordinates and altitude
of TS8 are: 46514 34073 409.
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(19) Using the field data from TS3 to FP1,
continue the traverse by again repeating steps
(9) through (15). The coordinates and altitude
of firing point 1 are: 45417 34300 406.

4-40. Entry of the Firing Point List

When the firing point list is available, the data
are entered into the computer.

a. Firing Point List

Azimuth of
Number Coordinates Altitude Orienting Line
1 45417 34300 -+ 406 2615
2 48410 35893 -+ 446 285
3 49263 34126 4451 1721
4 48842 35369 4-448 1258

b. Entry Procedures

(1) Depress matrix buttons B-1 (FP
EAST) and then depress the SM key. -

(2) Type 45417 on the keyboard and de-
press the ENTER key.

(3)- Depress matrix buttons B-2 (FP
NORTH) and then depress the SM key.

(4) Type 34300 on the keyboard and depress
the ENTER key.

(5) Depress matrix buttons B-3 (FP ALT)
and then depress the SM key.

(6) Type +406 on the keyboard and de-
press the ENTER key.

(7) Depress matrix buttons B-4 (AZ OL)
and then depress the SM key.

(8) Type 2615 on the keyboard and depress
the ENTER key.

(9) Depress matrix buttons B-5 (FP REC-
ORD) and then depress the SM key.

(10) Type 1 (firing point list number) on
the keyboard and depress the ENTER key.

(11) Repeat steps (1) through (10) and en-
ter the appropriate data for firing points 2, 3,
and 4.

4-41. Zone-to-Zone Transformation by Use
of the M18 Gun Direction Computer

a. The grid location of an enemy position was
determined by using a map of UTM grid zone
14S and reported to higher headquarters. The
Honest John battalion survey control was ob-
tained by using UTM grid zone 158 data. The
target data sent to the FDC was: 14S QP73709-
29446.

b. The fire direction officer notes that the lower
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left corner of the 14S QP 100,000-meter grid
square is labeled 600,000-38,000,000 (Northern
Hemisphere). This means that the grid may be
written as 673709 3829446 in lieu of using the
QP 100,000-meter grid square designation.

¢. Map projections_ are based on Clarke 1866
spheroid data.

d. The transformation of coordinates from the
adjacent zone (14S) to the local zone (15S)
is accomplished as follows:

(1) Depress matrix buttons G-5 (SUR-
VEY) and depress the SM key.

(2) Type 3 (zone-to-zone flag) on the key-
board and depress the ENTER key.

(3) Depress matrix buttons H-6 (STA
EAST) and then depress the SM key.

(4) Type 673709 on the keyboard and de-
press the ENTER key.

(5) Depress matrix buttons H-7 (STA
NORTH) and then depress the SM key.

(6) Type 3829446 on the keyboard and de-
press the ENTER key.

(7) Depress matrix buttons H-8 (STA
SPHERE) and then depress the SM key.

(8) Type 1 (flag for Clarke 1866 spheroid)
on the keyboard and depress the ENTER key.

(9) Depress matrix buttons G—6 (LOCAL
ZONE) and then depress the SM key.

(10) Type +15 on the keyboard and depress
the ENTER key.

(11) Depress matrix buttons G-7 (STA
ZONE) and then depress the SM key.

(12) Type +14 on the keyboard and depress
the ENTER key.

(13) Depress matrix buttons G-8 (STA AZ)
and then depress the SM key.

(14) Type 0 on the keyboard and depress
the ENTER key.

Note: An entry of zero indicates that no azimuth is to
be transformed. An entry of 6400 mils would be used for
north,

(15) Depress the TRIG button; the follow-
ing converted coordinates will be displayed:
23369 354850.

e. The fire direction officer designates this lo-
cation as target number 1. Before entering the
target on the target list, the vertical control op-
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erator (VCO) would determine the altitude from
a map.

4-42. Entry of the Target List

. @. The following list of targets has been fur-
nished the fire direction center:

Target Grid Altitude
1 23369 35485 357
2 45380 65184 601
3 31564 39611 393
4 25261 41419 400

b. These targets are entered on the target list
by using the following procedure:

(1) Depress matrix buttons A-1 (TGT

EAST) and then depress the SM key.

(2) Type 23369 on the keyboard and de-
press the ENTER key.

(3) Depress matrix buttons A-2 (TGT
NORTH) and then depress the SM key.

(4) Type 35485 on the keyboard and de-
press the ENTER key.

(5) Depress matrix buttons A-3
ALT) and then depress the SM key.

(6) Type +357 on the keyboard and depress
the ENTER key.

(7) Depress matrix buttons A-5 (TGT
RECORD) and then depress the SM key.

(8) Type 1 on the keyboard and depress
the ENTER key.

(9) Repeat steps (1) through (8) and enter
the appropriate data for targets 2, 3, and 4.

(TGT

4-43. Entry of Grid Declination and
Latitude

a. The map of the battalion area of opera-
tions is used to determine the grid declination
angle and the latitude of the area of operations.

b. The grid declination angle (the angle be-
tween true north and grid north) is +21 mils.
The latitude of the center of the battalion area
is 84° north. These data are entered as follows:

(1) Depress matrix buttons D-3 (LAT)
and then depress the SM key.

(2) Type +34 on the keyboard and depress
the ENTER key.

(3) Depress matrix button D-4 (GRID
DECL) and then depress the SM key.

(4) Type +21 on the keyboard and depress
the ENTER key.




4-44. Entry of the Meteorological Message

a@. The entry of current meteorological mes-
sage is vital to the computation of valid firing
data. As soon as met data is received, it should be
entered.

b. A met message may be received on paper
tape or in printed form. The battalion has re-
ceived the following computer met message:

METCM 1 344982 281002 036976
Line Wind direction Wind speed Temp Pressure
number (10 mils) (knots) (0.1°K) (mbs)
00 280 004 2845 0976
01 385 009 2873 0965
02 459 013 2931 0938
03 460 013 2932 0895
04 445 003 2905 0844
05 079 003 2863 0796
06 136 004 2826 0750
07 3175 003 2795 0704
08 292 006 2762 0651
09 420 004 2738 0622
10 440 009 2710 0585
11 382 010 2676 0549
12 450 012 2611 0498
13 486 011 2525 0437
14 495 007 2442 0381
15 508 009 2410 0330
16 528 007 2381 0283
17 560 010 2360 0240

MET—Meteorological message

CM—Computer

1—Octant 1 of the Northern Hemisphere (from 90° to 180° W)
344—Latitude of center of area (34.4° N)

982—Longitude of center of area (98.2° W)

28—Perlod of validity begins on 28th day of month

100—Start of the period is 1000 hours (1000 GMT)

2—Valid period lasts 2 hours (until 1200 GMT)

036—Height of- MDP in decameters (360 meters)

976—Pressure at MDP in millibars (976)

¢. The procedure of manual entry of the met
message is as follows:

Note: See paragraph 4-23c.

(1) Depress matrix buttons C-5 (MET IN-
PUT) and then depress the SM key.

(2) Type 0 (flag indicating manual entry)
on the keyboard and depress the ENTER key (88
will be displayed).

(3) On the keyboard, type the identification
line of the message starting with the 12-six-digit
date-time group (281002036976) and depress the
ENTER key (00 will be displayed).

(4) On the keyboard, type the 00 line of
the message (0028000428450976) and depress
the ENTER key (01 will be displayed).

(5) Repeat step (4) for each subsequent
line of the message until the last line has been
entered. Terminate the entry mode by typing a
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decimal point (.) and depressing the ENTER
key.

4-45. Computation of Initial Data for Fire
Note: See paragraph 3-5.

a. The battalion S8 notes that the target in
the call for fire is a preplanned target already
entered in the FADAC as target number 1. He
designates mission association number A-1 in
his fire order.

MISSION A-1

LAUNCHER NUMBER 2
FIRING POSITION NUMBER 2
TARGET NUMBER 1

b. The FADAC operator computes the initial
laying data as follows:

(1) Depress mission association button A-
1.

(2) Depress matrix buttons C-8 (CLEAR
MISSION DATA) and then depress the SM key.

(8) Type 0 on the keyboard. (This insures
that memory location A-1 is clear.)

(4) Depress matrix buttons F-1 (TGT LIST
ASSOC) and then depress the SM key.

(5) Type 1 on the keyboard and depress the
ENTER key. (Display 23369 35485357 will ap-
pear.)

(6) Depress matrix buttons F-2 (FP LIST
ASSOC) and then depress the SM key.

(7) Type 2 on the keyboard and depress the
ENTER key. (Display 48410 35893 446 will ap-
pear.)

Note: Target number 1 and firing point number 2 are
now associated with mission A-1. Any other data per-

taining to this mission must be entered by depressing
mission association buttons A-1.

(8) Depress matrix buttons D-1 (COMPUTE
RANGE/AZ/OA) and depress the SM key. The
following data will be displayed:

Range 25044 (meters)

Azimuth of fire 4783 (mils)

Orienting angle 1902 (mils)

"¢. The S3 then issues the warning order (para
3-5¢) to the firing battery and designates a
flash-smoke M38 warhead and the MGRIB rocket.
The height of burst desired is 200 meters.

d. The following information is received from
the launcher platoon designated to fire the mis-
sion :

Motor empty weight
Warhead weight

1390 pounds
1620 pounds

Stenciled propellant weight +1.0 pounds
correction
Propellant temperature 4-48° F

Surface air pressure 976 millibars
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e. These data are entered as follows:

(1) Ensure that mission association but-
fons A-1 are depressed.

(2) Depress matrix buttons F-3
TYPE) and depress the SM key.

(8) Type 50 on the keyboard and depress
the ENTER key.

(4) Depress matrix buttons F-4 (WHD
TYPE) and then depress the SM key.

(5) Type 7 on the keyboard and depress the
ENTER key.

(6) Depress matrix buttons F-5 (WHD
WT) and then depress the SM key.

(7) Type 1620 on the keyboard and depress
the ENTER key.

(8) Depress matrix button F-6
and then depress the SM key.

(9) Type 200 on the keyboard and depress
the ENTER key.

(10) Depress matrix buttons E-1 (MOTOR
EMPTY WT) and then depress the SM key.

(11) Type 1390 on the keyboard and depress
the ENTER key.

(12) Depress matrix buttons E-2 (PROP
WT CORR) and then depress the SM key.

(13) Type +1.0 on the keyboard and depress
the ENTER key.

(14) Depress matrix buttons E-6 (PROP
TEMP) and then depress the SM key.
- (15) Type +48 on the keyboard and depress
the ENTER key.

(16) Depress matrix buttons E-7 (SURF
PRESS) and then depress the SM key.

(17) Type 976 on the keyboard and depress
the ENTER key.

(18) Depress the COMPUTE button. The
computation will begin and in approximately 40
seconds the following firing data will be displayed :

(RKT

(HOB)

Fuze setting 54.4
Quadrant elevation 446.9

Note: It is not necessary to send these data to the firing
platoon; however, it is necessary to compute a ballistic
trajectory before calculating crest clearance assurance.

4-46. Computation of Crest Clearance for
Fire Mission 1

a. From an inspection of the operations map
along or near the line of fire, the S3 notes that
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the trajectory will pass over a hill that it may
not clear with the assurance required.

b. The following data are extracted from the
map:

960 meters
3650 meters

Altitude of crest
Range to crest

¢. Crest clearance assurance is computed as
follows:

(1) Depress matrix buttons C-1 (CREST
RANGE) and then depress the SM key.

(2) Type 3650 on the keyboard and depress
the ENTER key.

(3) Depress matrix buttons C-2 (CREST
ALT) and then depress the SM key.

(4) Type +960 on the keyboard and de-
press the ENTER key.

(5) Depress matrix buttons C-3 (CREST
CLEAR ASSUR) and then depress the SM key.
The following solution will be displayed: AXX
03650 X0960 XXX99. The input range and al-
titude will be displayed in the DEFLECTION and
TIME OF FLIGHT windows and the percentage
of assurance (99) will be displayed in the
QUADRANT window.

4-47. Computation of Final Data for
Fire Mission 1

a. After the firing platoon has arrived at the
firing point and the rocket launcher has been
laid, the referred deflection, the latest propellant
temperature, and the surface pressure at the
firing point are reported to the FDC.

Referred deflection 1443 mils
Propellant temperature 4-49° F
Surface pressure 965 millibars

b. These data are entered as follows:

(1) Depress the matrix buttons F-8 (AIM-
ING POINT DF) and then depress the SM key.

(2) Type 1443 on the keyboard and depress
the ENTER key.

(3) Depress matrix buttons E-6 (PROP
TEMP) and then depress the SM key.

(4) Type +49 on the keyboard and depress
the ENTER key.

(5) Depress matrix buttons E-7 (SURF
PRESS) and then depress the SM key.

(6) Type 965 on the keyboard and depress
the ENTER key.



(7) Depress the COMPUTE button. The
following solution will be displayed:

Deflection 1440
Fuze setting 54.3
Quadrant elevation 446.0

c. The deflection, fuze setting, and quadrant
elevation are sent to the firing platoon.

d. Two minutes prior to firing, the platoon
commander reports the low-level wind data and
the conditions under which they were determined.

Condition Nighttime

Wind set:
Rangewind H6
Crosswind R9

e. These data are entered as follows:

(1) Depress matrix buttons D-6 (LLW
RANGE/DIR) and then depress the SM key.

(2) Type +6 on the keyboard and depress
the ENTER key.

(3) Depress matrix buttons D-7 (LLW
CROSS/SPEED) and then depress the SM key.

(4) Type RIGHT +9 on the keyboard and
depress the ENTER key.

(5) Depress the matrix buttons D-8 (LLW
FINAL DATA) and then depress the SM key.

(6) On the keyboard, type 2 (flag 2 indi-
cates nighttime - conditions) and depress the

ENTER key. The following final firing data will
be displayed:

Deflection 1403
Time 54.3
Quadrant elevation 456.1

4-48. Printing the Mission

a. A printed record of each mission should
be made as soon as final data are computed.

b. The procedure for making a printed record
is as follows:

(1) Insure that the teletypewriter is con-
nected to the computer.

(2) Position the typewriter paper.

(3) Depress matrix buttons C-7 (PRINT
MISSION) and then depress the SM key. The
mission will be printed to include the identifica-
tion line of the met message.

(4) If a printout of the met message is
desired, depress the ENTER key. If not, depress
the decimal (.) key.
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4-49. Printing the Firing Point List and
the Target List

a. Printouts of the firing point list and the
target list are normally required during the prep-
aration of the situation map and as part of
the unit journal record. These printouts should
also be used to verify correct input in the M18.

b. The procedure for obtaining a printout of

the firing point list is as follows:

(1) Depress matrix buttons B-7 (PRINT
FP LIST) and then depress the SM key.

(2) Type 0 on the keyboard and depress
the ENTER key. (The printout will start.)

(3) Depress the RESET button to termi-
nate the printout. (The printout may be termi-
nated at any point.)

¢. The procedure for obtaining a printout of
the target list is as follows:
(1) Depress matrix buttons A-7 (PRINT
TGT LIST) and then depress the SM key.
(2) Type 0 on the keyboard and depress the
ENTER key.

(3) Depress the RESET button to termi-
nate the printout.

d. To print a single item from either list, en-
ter the specific firing point or target number in
step (2).

4-50. Location of a Point by Intersection
Survey

a. During training, the Honest John battalion
established two observation posts for the purpose
of locating the impact point of the rockets fired.

b. The following data are available:

Azimuth to Vertical
Obgerver Coordinatea Altitude tmpact angle
01 43560 49584 452 6230 —25
02 44325 49750 440 6578 NA

¢. The operator computes the location of the
impact point as follows:

(1) Depress matrix buttons G-5 (SUR-
VEY) and then depress the SM key.

(2) On the keyboard, type 2 (the flag for
intersection survey) and depress the ENTER
key.

(3) Depress matrix buttons H-1 (OBS

EAST) and then depress the SM key.
(4) On the keyboard, type 43560 (the east-
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ing coordinate of 01) and depress the ENTER
key.
(5) Depress matrix buttons H-2 (OBS

NORTH) and then depress the SM key.

(6) On the keyboard, type 49584 (the
northing coordinate of 01) and depress the EN-
TER key.

(7) Depress matrix buttons H-3
ALT) and then depress the SM key.

(8) On the keyboard, type +452 (the alti-
tude of 01) and depress the ENTER key.

(9) Depress matrix buttons H-4 (OBS RE-
CORD) and then depress the SM key.

(10) Type 1 on the keyboard and depress
the ENTER key.

(11) Repeat steps (3) through (10) and en-
ter the data for observer 02.

(12) Depress matrix buttons H-5 (OBS RE-
CALL) and then depress the SM key.

(13) Type on the keyboard and depress the
ENTER key. The coordinates and altitude of 01
will be displayed.

(14) Depress matrix buttons G-1
AZIMUTH) and then depress the SM key.

(15) On the keyboard, type 6230 (the azimuth
from 01 to the impact point) and depress the
ENTER key.

(16) Depress matrix buttons G-4 (OBS
VERT ANGLE) and then depress the SM key.

(17) On the keyboard, type-25 (the meas-
ured vertical angle from 01 to the impact point)
and depress the ENTER key.

(18) Depress matrix buttons H-5 (OBS RE-
CALL).

(19) Type 2 on the keyboard and depress
the ENTER key. The coordinates and altitude
of 02 will be displayed.

(20) Depress matrix buttons G-1
AZIMUTH) and then depress the SM key.

(21) On the keyboard, type 5578 (the
azimuth from 02 to the impact point) and de-
press the ENTER key.

(22) Depress the TRIG button. The coordi-
nates and altitude of the impact point will be
computed and displayed: 43379 50656 425.

(OBS

(OBS

(BOS

4-51. Deletion of Targets and Firing

Points From the Lists
a. To delete a specific target from the target
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list when the target is no longer required, the
operator uses the following procedure:

(1) Depress matrix buttons A-8 (TGT DE-
LETE) and then depress the SM key.

(2) On the keyboard, the number of the
target to be deleted and depress the ENTER
key. The KEYBOARD indicator will remain lit.

(3) On the keyboard, type 0 (the flag for the
enabling procedure for this funection).

b. To delete a specific firing point from the
firing point list, the operator uses the following
procedure:

(1) Depress matrix buttons B-8 (FP DE-
LETE) and then depress the SM key.

(2) On the keyboard, type the number of
the firing point to be deleted and depress the
ENTER key. The KEYBOARD indicator will
remain lit.

(3) Type 0 on the keyboard.

4-52. Updating Ballistic Data

a. Frequently, an input value, such as the pro-
pellant temperature, surface pressure, or meteo-
rological data, will change between the time a
fire mission is received and the time of firing.
Whenever this change occurs, the most recent
value should be entered and new firing data com-
puted. The speed with which the computer de-
velops firing data is a significant advantage over
the manual system when updating ballistic data.

b. Whenever low-level wind data cannot be de-
termined, the FADAC will compute and apply
low-level wind corrections by using the data in
line 01 of the met message already stored in
memory. Fire mission 2 illustrates this capability.

4-53. Fire Mission 2
Note: See paragraph 3-6.

a. The battalion S3 notes that the target is a
preplanned target stored on the target list as
target number 2. He selects launcher number 1 to
fire the mission from firing point number 3 and
issues the following fire order:

MISSION A-2

LAUNCHER NUMBER 1
FIRING POSITION NUMBER 3
TARGET NUMBER 2

b. The FADAC operator clears memory loca-
tions for mission A-2 as follows:



(1) Depress mission association buttons A-

(2) Depress matrix buttons C-8 (CLEAR
MISSION DATA) and then depress the SM key.

(3) Type 0 on the keyboard and depress
the ENTER key.

¢. The operator computes initial data as fol-
lows (firing points and targets have been entered;
see paragraphs 4-40 and 4-42):

(1) Depress matrix buttons F-1 (TGT
LIST ASSOC) and then depress the SM key.

(2) Type 2 on the keyboard and depress
the ENTER key. (Display 45380 65184 601 will
appear.)

(3) Depress matrix buttons F-2 (F-2 LIST
ASSOC) and then depress the SM key.

(4) Type 3 on the keyboard and depress
the ENTER key. (Display 49263 34126 451 will
appear.)

(5) Depress matrix buttons D-1 (COMP
RANGE AZ) and then depress the SM key.
The following data will be displayed:

Azimuth of fire
Range
Orienting angle

6273 (mils)
31300 (meters)
1848 (mils)

d. The S3 then issues the warning order (para
3-6¢) to the firing battery and specifies an
MGR-1B rocket with a chemical warhead and
a high height-of-burst options.

e. The ]atést available met message is entered.
(Use the meteorological message given in para-
graph 4-44 for mission number 1.)

f. The following information is received from
launcher platoon 1:

Warhead weight
Motor empty weight
Stenciled propellant

. weight correction
Propellant temperature
Surface pressure
Motor age

1261 pounds
1395 pounds
+18.4 pounds

+22° F
968 millibars
More than 52 months

g. Other known data are:

Grid declination
Latitude of launcher

+21 mils
34° N

h. All data are entered and initial firing data
are computed as follows:

(1) Insure that mission association buttons
A-2 are depressed.

(2) Depress matrix buttons F-3
TYPE) and then depress the SM key.

(RKT
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(3) Type 50 on the keyboard and depress
the ENTER key.

(4) Depress matrix buttons F—4 (WHD
TYPE) and then depress the SM key.

(5) Type 8 (flag for the M190 chemical
warhead) on the keyboard and depress the EN-
TER key.

(6) Depress matrix buttons F-5 (WHD
WT) and then depress the SM key.

(7) Type 1261 on the keyboard and depress
the ENTER key.

(8) Depress matrix buttons F-7 (OPTION)
and then depress the SM key.

(9) Type 2 on the keyboard and depress
the ENTER key.

(10) Depress matrix buttons E-1 (MOTOR
EMPTY WT) and then depress the SM key.

(11) Type 1395 on the keyboard and depress
the ENTER key.

(12) Depress matrix buttons E-2 (PROP
WT CORR) and then depress the ENTER key.

(13) Type +13.4 on the keyboard and de-
press the ENTER key.

(14) Depress matrix buttons E-6 (PROP
TEMP) and then depress the SM key.

(15) Type +22 on the keyboard and depress
the ENTER key.

(16) Depress matrix buttons E-7 (SURF
PRESS) and then depress the SM key.

(17) Type 968 on the keyboard and depress
the ENTER key.

(18) Depress matrix buttons E-8 (MOTOR
AGE) and then depress the SM key.

(19) Type 52 on the keyboard and depress
the ENTER key.

(20) Depress the COMPUTE button. The
following firing data will be displayed in ap-
proximately 2.5 minutes (the longer computa-
tional time is caused by a requirement for re-

cord trajectory computations with this war-
head) :

Fuze setting 75.4
Quadrant elevation 633.5

Note: Grid declination and latitude need not be reentered
if they were entered previously. These data are not mission
associated.

1. The following met has been received:
METCM 1 344982 311702 036972
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Line Wind direction- Wind speed Temp Pressure
number (10 mils)} (knots) (0.1°K) (mbs)
00 054 001 2823 0972
01 522 008 2859 0960
02 503 019 2915 0933
03 480 014 2898 0889
04 548 010 2872 0838
05 006 013 2841 0789
06 035 010 2806 0743
07 046 008 2770 0699
08 028 009 2728 0656
09 625 011 2689 0617
10 558 018 2665 0578
11 553 021 2643 0542
12 544 021 2596 0492
13 567 032 2514 0431
14 570 042 2433 0378
15 578 040 2401 0321
16 591 036 2328 0276
17 606 044 2286 0242

Note: The latest met data are entered as soon as the
message is received by using the same procedure as that
outlined in paragraph 4-44.

4. The firing platoon has arrived at the firing
point and the launcher has been laid. The latest
data reported by the platoon are as follows:

Referred deflection 1437 mils
Surface pressure 961 millibars
Propellant temperature +19° F

Windset is not working.

k. The S3 decides to update all parameters
and use the latest met message to compute final
low-level winds and final data. To do so, the
FADAC operator uses the following procedure:

(1) Depress matrix buttons E-6 (PROP
TEMP) and then depress the SM key.

(2) Type +19 on the keyboard and depress
the ENTER key.

(8) Depress matrix buttons E-7 (SURF
PRESS) and then depress the SM key.

(4) Type 961 on the keyboard and depress
the ENTER key.

(5) Depress matrix button F-8 (AIMING
POING DF) and then depress the SM key.

(6) Type 1437 on the keyboard and depress
the ENTER key.

(7) Depress the COMPUTE button. In ap-
proximately 2.5 minutes, the following updated
firing data will be displayed:

Deflection 1441
- Fuze setting 7.6
Quadrant elevation 651.7

Note: These data are not sent to the platoon. Low-level
wind corrections are applied immediately by using the
latest met data already stored in memory.
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(8) Depress matrix buttons D-8 (LLW
FINAL DATA) and then depress the SM key.

(9) Type 3 on the keyboard and depress
the ENTER key. The following final data will
be displayed:

Deflection 14120
Fuze setting 7.6
Quadrant elevation 657.7

4-54. Special Inputs Required for the
MGR-1A Rocket

a. When the MGR-1A rocket is used, special
arithmetic procedures to determine data concern-
ing the rocket empty weight are frequently re-
quired. These data are automatically computed
by the FADAC.

b. Fire mission 3, detailed in paragraph 4-55
below, is an example of required weight entries
for the MGR-1A rocket.

4-55. Fire Mission 3
Note: See paragraph 3-7.

a. The following data were given in the call
for fire and the fire order:

Rocket MGR-1A (flag 31)
Warhead M144 (flag 5)
Height of burst low

Firing point number 4

Target number 3

Mission number B-1

b. The latest meteorological message is as fol-
lows:

METCM 1 344982 010402 036986
Line Wind direction Wind speed Temp Pressure

number (10 mils) (knots) (0.1°K) (mbs)
00 026 020 2803 0986
01 016 033 2793 0973
02 640 028 2768 0950
03 639 039 2735 0898
04 624 038 2704 0844
05 620 032 2671 0791
06 600 034 2634 0742
07 587 034 2593 0695
08 575 032 2567 0651
09 573 032 2535 0608
10 595 030 2496 0569
11 595 035 2458 0531
12 588 032 2415 0478
13 594 042 2347 0414
14 566 035 2277 0367

¢. Data furnished by the launcher platoon are as
follows:

4,117 pounds
1,620 pounds

Gross motor weight
Warhead weight



Propellant weight 2,049 pounds

Propellant temperature +178° F
Surface pressure 988 millibars
Fin weight 166 pounds

d. Using the entry procedures outlined in para-
graph 4-44, the operator enters the met message.

e. The FADAC operator then enters all known
information and computes initial laying data as
follows:

(1) Insure that mission buttons B-1 are
depressed.

(2) Use input function C-8
MSN DATA) to clear the mission data.

(3) Depress matrix buttons F-1 (TGT
LIST ASSOC) and then depress the SM key.

(4) Type 3 on the keyboard and depress
the ENTER key. (Display 31564 39611 393 will
appear.)

(5) Depress matrix buttons F-2 (FP LIST
ASSOC) and then depress the SM key.

(6) Type 4 on the keyboard and depress the
ENTER key. (Display 48842 35369 448 will ap-
pear.)

(CLEAR

(7) Depress matrix buttons F-3
TYPE) and then depress the SM key.

(8) Type 31 on the keyboard and depress
the ENTER key.

(9) Depress matrix buttons F-4 (WHD
TYPE) and then depress the SM key.

(10) Type 5 on the keyboard and depress
the ENTER key. :

(11) Depress matrix buttons F-5 (WHD
WT) and then depress the SM key.

(12) Type 1620 on the keyboard and de-
press the ENTER key.

(13) Depress matrix buttons F-7 (OPTION)
and then depress the SM key.

(14) Type 1 on the keyboard and depress
the ENTER key.

(15) Depress matrix buttons E-1 (MOTOR
EMPTY WT) and then depress the SM key.

(16) Type 0 on the keyboard and depress the
ENTER key.

(17) Depress matrix buttons E-3 (PROP
WT) and then depress the SM key.

(18) Type 2049 on the keyboard and depress
the ENTER key.

(19) Depress matrix buttons E-4 (GROSS
MOTOR WT) and then depress the SM key.

(RKT
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(20) Type 4117 on the keyboard and depress
the ENTER key.

(21) Depress matrix buttons E-5 (FIN WT)
and then depress the SM key.

(22) Type 166 on the keyboard and depress
the ENTER key.

(23) Depress matrix buttons E-6 (PROP
TEMP) and then depress the SM key.

(24) Type +78 on the keyboard and depress
the ENTER key.

(25) Depress matrix buttons E-7 (SURF
PRESS) and then depress the SM key.

(26) Type 988 on the keyboard and depress
the ENTER key.

(27) Depress matrix buttons D-1 (COMP
RANGE AZ/OA) and then depress the SM key.
The following laying data will be displayed:

17791 (meters)
5045 (mils)

Range
Azimuth of fire

Note: These data are sent to the firing platoon in a
warning order.

f. As soon as the rocket has been laid and
the aiming point deflection (1462) has been re-
ported, firing data are computed as follows:

(1) Depress matrix buttons F-8 (AIMING
POINT DF) and then depress the SM key.

(2) On the keyboard, type 1462 (the re-
ported aiming poing deflection) and depress the
ENTER key.

(3) Depress the COMPUTE button. The
following initial firing data will be computed and
displayed:

Deflection 14132

Fuze setting 43.4
Quadrant elevation 529.7

Note: These data are sent to the firing platoon.

g. The low-level winds are measured by using
the windset. Conditions are “all other than night-
time.” Readings reported are:

Range wind T1
Cross wind L37

h. The operator enters the low-level wind data

and computes final firing data as follows:

(1) Depress matrix buttons D-6 (LLW
RANGE/DIR) and then depress the SM key.

(2) Type ~1 on the keyboard and depress
the ENTER key.

(8) Depress matrix buttons D-7 (LLW
CROSS/SPEED) and then depress the SM key.
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(4) Type —37 on the keyboard and depress
the ENTER key.

(5) Depress matrix buttons D-8 (LLW
FINAL DATA) and then depress the SM key.

(6) Type 1 on the keyboard and depress

the ENTER key. The following final data will
be displayed:

Deflection 1648
Fuze setting 43.4
Quadrant elevation 5274

Section Xll. COMMON MISTAKES AND MALPRACTICES

4-56. General

Inaccuracies in FADAC computations and, con-
sequently, a lack of faith in the reliability of
the FADAC are too often the result of recurring
mistakes and malpractices by the FADAC opera-
tor. A mistake is an unintentional error in action
or perception committed by the operator while
following correct procedure. A mistake usually
indicates operator carelessness or lack of con-
centration, which can be detected only by a posi-
tive check or very close supervision. A malpractice
is a procedural error and usually indicates incom-
plete or incorrect training of the operator. The
best preventive for mistakes and malpractices
if the formation of proper habits by the operator
while in training; personnel responsible for train-
ing FADAC operators must insist on exactness
and allow no deviation from correct procedures.
A further preventive for errors is to establish
proper supervisory procedures for the fire direc-
tion officer and chief computer so that all mis-
takes are detected and corrected prior to firing.

4-57. FADAC Operator Procedures

a. Common Mistakes. Some of the common
mistakes made by FADAC operators in determ-
ing firing data with the FADAC are as follows:

(1) Transposition of digits when entering
data. The program has certain operator input
controls that allow entry of values only when
the values are within reasonable limits; however,
these limits are often broad. For example, the
input range for the motor emply weight of the
MGR-1B rocket is from 1335 pounds to 1450
pounds, and the aiming point deflection is
from 0 to 3200 mils. A common transposition
error would be that of receiving a correct motor
emply weight of 1339 pounds and incorrectly
entering the value as 1393.

(2) Use of the wrong sign when entering
a signed value. A critical parameter that is signed
can easily be entered with the wrong sign and,
when the parameter is recalled for a check, the
error may be overlooked. For example, a pro-
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pellant temperature of +30° might be entered
as —30°—a mistake that would result in extreme-
ly erroneous firing data.

(3) Inadvertent use of standard met. Since
the use of current met or standard met is mis-
sion associated, the operator might inadvertently
compute final firing data by using standard met
instead of current met. This error could occur
if the operator fails to check the enabling flag
entered in function C—4 (MET STD). Whenever
final mission data are to be computed, (flag) 9
must be entered in this function for the specific

mission. This error frequently occurs when the:

operator correctly enters flag 9 but has the wrong
mission association buttons depressed. He then
changes the mission association buttons but fails
to reenter flag 9. '

(4) Entry of data through the wrong matrix
location. This error does not occur frequently,
since the matrix location is lighted when it is
activated and input values are normally program
controlled. However, a careless operator might
enter valid input in the wrong matrix location.
For example, grid declination might be erroneous-
ly entered as latitude or vice versa.

(5) Use of the wrong file number in record-
ing target or firing point data. The program will
accept 32 targets and 16 firing points, and, dur-
ing the entry of these data, the use of the proper
file number (flag) when data are stored is critical.
For example, during the sequential entry of a
firing point list, a file number might be used
twice. This action would cause the second entry
to erase the previous data. Printouts of data
stored on these lists should be obtained by using
functions A-7 (PRINT TGT LIST) and B-7
(PRINT FP LIST) to provide a thorough check
of the stored data.

b. Malpractices. Significant malpractices that
detract from the proficiency of fire direction
centers using the FADAC are as follows:

(1) Failure to check stored data. The vari-
able ballistic parameters that are entered by the
FADAC operator (warhead weight, motor empty
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weight, propellant temperature, etc.) and that
apply to a specific mission should be recalled
and checked prior to computation of final firing
data. This procedure will insure that the opera-
tor is aware of the information used in computa-
tions.

(2) Failure to check the input data dis-
played on the display panel. This error occurs
when an operator attempts to enter data too
rapidly. The data displayed on the display panel
must be verified by the FADAC operator as well
as by the fire direction officer. This step is essenti-
al in any system of checks with the FADAC,
since it is the only positive means of detecting
keyboard entry errors.

C1, FM 6-40-1

(38) Failure to clean air filters. All six filters
used with the FADAC should be inspected once
daily and cleaned if dust or dirt is noted. If
the FADAC is operated in a dusty or dirty en-
vironment, dirty air filters will cause increased
FADAC downtime.

(4) Failure to perform proper generator
maintenance. Two 3-kw, 400-hertz, 3-phase 120/
208-volt generators are authorized for each FAD-
AC. The second generator is authorized to insure
operational capability at all times, including
periods of generator maintenance. The generator
should be rotated every 12 or 24 hours to allow
time for periodic maintenance in accordance
with TM 5-6115-271-14 and TM 5-2805-203-14.
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CHAPTER 5

FIRING BATTERY OPERATIONS

5-1. General

Duties of individual launcher crewmen for the
Honest John system are described in FM 6-59
(M386 and M33 launchers) and FM 6-60 (M289
launcher). The procedures and techniques pre-
sented in this chapter are directly related to the
762-mm rocket (HJ) and must be accorded parti-
cular emphasis in the unit training program.

5-2. Areas Requiring Special Attention

a. Laying the Launcher for Direction. The
orienting angle method will be the primary
method of laying the launcher for direction. The
unit survey section will carry survey control to
each firing position and establish an orienting
line for each position. The launcher can be laid
by azimuth; however, this procedure is not recom-
mended for normal use, since the possibility of
an orientation error is extremely high.

b. Boresighting. On-carriage sighting and aim-
ing equipment must be checked prior to each
firing. These checks are conducted as prescribed
in the appropriate field manuals.

¢. Temperature Conditioning. A temperature-
conditioned rocket is one in which the propellant
temperature is uniform throughout the grain.
Temperature conditioning is essential to insure
even burning of the propellant. If the rocket
motor is improperly conditioned, the temperature
gradient (differences in temperature throughout
the propellant grain) will cause uneven burning
and will contribute to the thrust malalinement
error. Further, a temperature gradient makes it
impossible to obtain a valid propellant tempera-
ture measurement for use in computing tempera-
ture corrections. Blankets are provided for in-
sulation and temperature conditioning purposes
when authorized, and proper use of this equip-
ment is essential. The following measures should
be taken to condition the rocket:

(1) The rocket should not be exposed to the
direct rays of the sun or to a cold chilling wind
(unless absolutely necessary). Exposure to such

environments for even a short period of time will
result in an improperly conditioned rocket.

(2) Blankets should be installed when the
rocket motors are drawn from the SASP and
uncrated. They should be used primarily for
insulating purposes in all temperature conditions
above the minimum firing limit (no heat applied).
If the ambient temperature is expected to drop
below the minimum firing limit, the motor should
be heated continuously for a minimum of 24 hours
prior to firing. Heating for 48 hours is recom-
mended. Blankets should remain on the rocket
until at least 15 minutes prior to firing (longer if
possible).

Note: Always insulate. Heat only when necessary.

d. Seating of Propellant. The launcher should
be elevated to at least 800 mils to properly seat
the propellant grain in the MGR-1A rocket prior
to setting the firing elevation.

5-3. Low-level Winds

The measurement of low-level winds and the
correlation of the wind effects to cause the rocket
to respond favorably is a difficult problem. Low
level winds affect the rocket during the entire
burning phase; the effects are greatest just as
the rocket leaves the launcher and diminish
rapidly toward motor burnout. Low-level winds
are measured by exposing the anemometer of a
wind measuring set at a height of 50 feet. This
measurement is weighted to provide an estimate
of wind that the rocket actually ‘‘sees” (senses)
during the burning phase. This method produces
valid results (within accepted tolerances) if the
procedures outlined in paragraphs 5-5 through
5-7 are followed.

5-4. Low-Level Wind Corrections

Corrections for low-level winds may be deter-
mined in the fire direction center or in the firing
section. The primary, and recommended, method
of measuring the velocity and direction of the
low-level wind is to use the table of organization
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and equipment windset. If the windset is not
available, low-level winds may be measured by
means of a 30-gram pilot balloon and a theodolite
(para 3-9a) or, as a last resort, low-level wind
readings may be obtained from line 01 of -the
met message (para 3-9b).

5-5. Windset Check With the Wn’ndspeed}
Simulater

An accuracy check of the operation of the Honest
John windset can now be made with the wind-
speed simulator AN/GMM-7. The simulator is a
-simple hand-operated device which rotates the
shaft of the windset transmitter, through means
of a gear train, at a known speed and from a
known direction. It allows a check of the aline-
ment of the sine-cosine potentiometer, a wind-
speed and wind direction test, and a test of both
the direct circuitry and the averaging circuitry
of the windset data box. The simulator requires
no external power source. It operates within a
temperature range of —30° F to +135° F and is
accurate within =1 mph. The azimuth indicator
dial is marked from 0° to 360° in 15° increments.
Total weight of the case, simulator, wind velocity
meter, and remaining components is about 45
pounds. Complete nomenclature is simulator,
windspeed, AN/GMM-7, FSN 6660-904-9425,
LIN number T59138. TM 11-6660—235-12 con-
tains the operator procedures and spare parts
information, and one copy of the manual is
packed with each simulator. The simulator is
authorized on the basis of one per. battalion. The
battery normally used to operate the indicator
meter in the simulator is the BA 1090/U; how-
ever, a common 9-volt dry-cell battery, such as
those used in transistor radios, may also be used.

a. The windset should be tested with the
simulator before each rocket firing or at least
once each month. Both the direct circuits and the
averaging circuits should be tested at 5, 10, 15,
20, 25, and 30 miles per hour and at azimuth
settings every 15° from 0° to 360°. To test the
direct circuitry, use the procedures outlined in
TM 11-6660-235-12. To test the averaging cir-
cuitry, use the procedures outlined in the windset
manual, TM 11-6660-255-12.

b. The test of the averaging -circuitry will
determine the best operating circuit of the parti-
cular windset. This circuit should be used when-
ever the averaging circuits of the windset are
used.
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5-6. Use of Windsets

a. Placement of Windset. The windset should
be emplaced approximately 50 meters in front of
the launcher and, for safety and the protection of
equipment, at least 25 meters to the side of
the trajectory. These distances may be paced by
a launcher crewman, since they are not critical.
The most important consideration is to locate
the windset so that the wind pattern at the set
is similar to the wind pattern at the launcher.

b. Orientation of Windset Mast. The windset
mast should be initially oriented parallel to the
azimuth of fire. If the deflection corrections for
nonstandard conditions exceed 25 mils, the mast
should be reoriented to the corrected firing
azimuth before corrections for low-level winds are
determined. Care must be exercised to insure
the windset mast is not misoriented 3,200 mils.

¢. Profile Corrections. Wind velocity usually
increases with height, and the wind structure
(wind profile) varies with the time of day. It is
impossible for an anemometer exposed at 50 feet
in the air to measure such variations. Therefore,
the low-level wind measurements obtained in the
firing section must be weighted to account for
these differences. Wind profile correction factors
are normally incorporated into the low-level wind
correction tables found in the tabular firing tables.
This results in two such tables—one for NIGHT-
TIME conditions and the other for ALL OTHER
THAN NIGHTTIME conditions. A third table is
included for the pilot balloon or met line 01
technique and has no profile correction factor
incorporated. NIGHTTIME is defined as the
period extending from 1 hour before sunset to 1
hour after sunrise, with clear skies (or few
clouds) and wind speeds less than 10 miles per
hour. If all NIGHTTIME conditions do not exist
simultaneously, the tables for ALL OTHER
THAN NIGHTTIME conditions must be used.
The appropriate table is entered with the cor-
rected quadrant elevation to the nearest mil to
obtain low-level wind factors that include profile
corrections. The low-level wind readings are
multiplied by these factors to obtain low-level
wind corrections.

5-7. Techniques for Determining and Apply-
ing Low-level Wind Corrections

If the windset is used for measuring low-level
winds, either the recurring wind technique or the
predicted wind technique for determining and
applying low-level wind corrections may be used.



The tactical considerations will normally require
that the predicted technique be used. However,
the condition of the windset must also be con-
sidered, since the recurring technique may not
be used if the test with the windspeed simulator
discussed in paragraph 5-5 indicates that the
averaging circuits of the windset data box are not
working properly.

a. Predicted Wind Technique. The predicted
wind technique consists of applying corrections

for the measured wind to the launcher and firing .

the rocket at a specified time (time on target
minus time of flight). Both procedure 1 (¢ below)
and procedure 2 (d below) may be used with the
predicted wind technique.

Note: The predicted wind technique is based on the
assumption that the rccket will be fired shortly after low-
level wind readings are taken. Should a hold be experienced
during countdown, units must determine bzfore firing thai
the wind readings have not changed drastically from those
upon which corrections were based.

b. Recurring Wind Technique. The recurring
wind technique consists of applying corrections
for the measured low-level winds to the launcher
and firing the rocket when the same wind con-
ditions recur within a tolerance of *1 mile per
hour in both range wind and cross wind compon-
ents. Only procedure 1 (¢ below) may be used
with the recurring wind technique.

¢. Procedure 1. If the windspeed simulator
indicates that the averaging circuits on the wind-
set are working properly, the following procedure
should be used to measure the wind and determine
corrections:

(1) After the mast has been raised to full
height and the circuits have been tested for
proper operation, note the direct readings for
range wind and cross wind at X—4.

(2) Set the MINUTES switch to the best
operating circuit, as determined by the windspeed
simulator test discussed in paragraph 5-5.

(8) Set the AVERAGE/DIRECT switch on
DIRECT for 5 seconds.

(4) Set the AVERAGE/DIRECT switch on
AVERAGE.

(5) At X -2, record the range wind and cross
wind component readings.

(6) Enter the firing table or the wind card
and determine the appropriate unit correction
factors for a 1-mile-per-hour low-level range
(head or tail) wind and low-level cross wind. The
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argument for entry is the corrected quadrant
elevation to the nearest mil.

(7) Multiply the unit correction factors by
the windset readings in (5) above. The products
are the low-level wind corrections.

(8) Apply the corrections computed in (7)
above tq‘the launcher.

Note: For the predicted wind technique, fire the rocket
at X—0. For the recurring wind technique, fire the rocket
whenever both range and cross wind components read
within *1 mile per hour of the readings obtained in (5)
above. '

Ezxample:
(a) Known data are—
Rocket MGR-1B
Firing table FTR 762-G-1
Conditions ALL OTHER THAN
NIGHTTIME
Corrected QE  457.8 mils

(b) Record the wind components at X-2:
Cross wind R6 mph
Range wind H3 mph

(¢) Enter table M-1 with the corrected
QE to the nearest mil (458 mils) and determine
the unit correction factors:

Cross wind 2.98
Range (head) ‘
wind +1.12

(d) Determine the low-level wind correc-
tions:
Cross wind correction = 2.98 X R6
=R17.88 or R18 mils
Range wind correction = +1.12 X
H3 = +38.36 or +3.4 mils

d. Procedure 2. If the windspeed simulator
indicates that the averaging circuits on the wind-
set are not working properly, the following pro-
cedure should be used to measure the wind and
determine corrections:

(1) Set the AVERAGE/DIRECT switch on
DIRECT at X-5.

(2) Record a series of 10 readings 15 seconds
apart in both range wind and cross wind.

(3) Sum the ten crosswind readings and the

"ten range wind readings. Then displace the deci-

mal point one place to the left for each sum.
Express the average of each sum to the nearest
mile per hour.

(4) Enter the firing table or the wind card
and determine the appropriate unit correction
factor for a 1-mile-per-hour low-level range (head
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or tail) wind and low-level cross wind. The argu-
ment for entry is the corrected quadrant eleva-
tion to the nearest mil.

(5) Multiply these unit correction factors by
the averages computed from the windset readings
in (8) above. The products are the low-level wind
corrections.

(6) Apply the corrections computed in (5)
above to the launcher.

Note: At X—0, fire the rocket.

Ezxample:
(¢) Known data are—
Rocket MGR-1B
Firing table FTR 762-G-1
Conditions ALL OTHER THAN
NIGHTTIME

Corrected QE 666.2 mils

(b) Record the wind components:
Cross wind Range wind

Time (mph) (mph)
X~—5 minutes R6 H19
X =4 minutes

45 seconds R1 HZ0
X —4 minutes

30 seconds 14 H20
X'—4 minutes

15 seconds L8 H18
X —4 minutes L13 H1lé
X —3 minutes

45 seconds L16 H12
X —3 minutes

30 seconds L18 HS8
X —3 minutes

15 seconds L19 H3
X -8 minutes L20 T1
X —2 minutes

45 seconds L19 T7

(¢) Sum all readings of the same sign:

L4 H19
L8 H20
L13 H20
L16 H18
L18 H16
L19 H12
L20 R6 H8 Ti
L19 R1 H3 T7
L117 R7 H11l6é T8

(d) Subtract the smaller sum in both cross
and range wind from the corresponding larger
sum and affix the sign of the larger:

5-4

L117 H116
-R 7 -T 8
L110 H108

(e) Displace the decimal point one place
to the left to find the average:

Average L11.0 = L11 H10.8 = H11

(f) Enter table M-1 with the corrected
QE to the nearest mil (666 mils) and determine
the unit correction factors:
Cross wind
Range (head) wind

3.566
+1.76

(g9) Determine the low-level wind correc-
tions: -

Cross wind correction = 8.556 x Ll11

= L39.05 or L39'mils.

R'ange wind correction = +1.76 X

H1l = +19.25 or + 19.2 mils.

e. Criteria for selecting the Recurring Wind
or Predicted Wind Technique. The commander
should consider the following factors in selecting
the low-level wind correction technique for a
particular mission:

(1) Accuracy. Both the recurring wind and
predicted wind techniques are acceptable. How-
ever, the recurring wind technique generally will
produce more accurate .results.

(2) Timeliness of fire. With the predicted
wind technique, the rocket can be fired at a
designated time. With the recurring wind tech-
nique, the exact time of firing cannot be pre-
dicted. The probability of the wind recurring
within the prescribed tolerance of * 1 mile per
hour in both components is as follows:

(a) If the last windset reading is recorded
2 minutes prior to the time of firing (X-2), al-
lowing 2 minutes for the launcher crew to com-
pute and apply launcher corrections, the correct
wind will recur—
40 percent of the time at X—0.
20 percent of the time between -X~0 and
X +3 minutes.
15 percent of the time between X+3 and
X+ 8 minutes.
b percent of the time between X+8 and
X +18 minutes. - )
20 percent of the time after X + 18 minutes.

(b) If the last windset reading is recorded
4 minutes prior to the time of firing (X —4), allow-
ing 4 minutes for the launcher crew to compute
and apply corrections, the correct wind will re-
cur—



35 percent of the time at X—0.

20 percent of the time between X—0 and
X + 3 minutes.

15 percent of the time between X+3 and
X +8 minutes.

5 percent of the time between X +8 and

X +18 minutes.

25 percent of the time after X+ 18 minutes.

Note: Because of the fluctuations, direction, and speed
of low-level winds, a wind that does not recur within a few
minutes is not likely to recur within a reasonable length of
time. The less time the launcher crew requires to compute
and apply corrections, the better the chances are of
obtaining a recurring wind.

FM 6-40-1

5-8. Rocket Data Recorder Sheet

DA Form 2257-R (Rocket Data Recorder Sheet)
(fig 5-1), may be used by the assembly and
transport section, the firing section, and the fire
direction center for recording data. The assembly
and transport section should prepare two copies
of the form upon receipt of a motor and warhead.
When the rocket is issued to a firing section, one
copy of the form should be given to the firing
section and the other copy to the fire direction
center. DA Form 22567-R will be reproduced
locally on 8- x 1014-inch paper.
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ROCKET DATA RECORDER SHEET
{(FM 6—40—1)

UNIT

DATE

TIME
FIRED

ASSEMBLY AND TR:C\NSPORT PLATOON COMMANDER’'S DATA

ROCKET IDENTIFICATION MGR—1B ROCKET
1. MOTOR TYPE 12. MOTOR EMPTY WEIGHT o
2. MOTOR SERIAL NO 13. WARHEAD SECTION WEIGHT ib
3. MOTOR LOT NO 14. PROPELLANT WEIGHT CORR lb
4. MOTOR ASSEMBLY TYPE 15. DATE LOADED
| 5. MOTOR ASSEMBLY SERIAL NO 'MGR—1A ROCKET
6. MOTOR ASSEMBLY LOT NO 16. PROPELLANT WEIGHT ib
7. SPIN ROCKET TYPE 17. SPIN ROCKET PROPELLANT WEIGHT Ib
8. SPIN ROCKET LOT NO 18. MOTOR EMPTY WEIGHT Ib
9. WARHEAD TYPE 19. GROSS MOTOR WEIGHT Ib
10. WARHEAD SERIAL NO 20. WARHEAD SECTION WEIGHT ib
11. WARHEAD LOT NO 21. (T,%E'ALL,aSF'gRW1'E7'2G'EgS, ib
LAUNCHER PLATOON COMMANDEB'S DATA
WARNING ORDER : LAUNCHER PLATOON COMMANDER'S REPORT
22. LAUNCHER TO FIRE 34. MEASURED AZIMUTH OF FIRE m
23. FIRING POSITION 35. MEASURED ORIENTING ANGLE m
24. TYPE ROCKET 36. AIMING POINT DEFLECTION m
25. TYPE WARHEAD 37. FIRING LIMIT {IF NEC)
26. FUZE OPTION® AIR IMPACT | 38- LAUNCHER-ROCKET ME m
27. HEIGHT OF BURST OPTION® HIGH Low | 39- ANGLE OF SIGHT To MASK m
28. METHOD OF FIRE 40. RANGE TO MASK
29. TIME OF FIRE 41. PROPELLANT TEMPERATURE °F
INITIAL LAYING DATA 42. SURFACE PRESSURE mb
30. AZIMUTH OF ORIENTING LINE m |43. Fuze TYPE
31. AZIMUTH OF FIRE m |44. FUZE LOTNO
32. ORIENTING ANGLE m | 45. FUZE TIMER NO 1 SERIAL NUMBER
33. TRIAL OUADRANT ELEVATION ™ | 46. FUZE TIMER NO 2 SERIAL NUMBER
\C/gvaEE\T/EL WIND DATA: DF QE FINAL FIRING DATA
7 DT RERomG ; ; T : o
48. UNIT CORR FACTORS + 53. \',-V?lx"o'-g(‘)’s;
s e P o SO
50. LounLEVEL -L =t 55. DATA FIRED DF TI OE
o Qe REoe : 7

DA FORM 2257-R, 1 Jun 72

0BSOLETE.
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PREVIOUS EDITION IS

*SEE FM 6—40—1A (HONEST JOHN)

Figure 5-1. Rocket data recorder sheet.
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CHAPTER 6

SPECIAL CONSIDERATIONS

6-1. Verification of Firing Data

a. General. Units may make certain tests of
their firing data and other information to insure
that the data are .reasonable and to avoid grdss
errors. The FADAC tape contains a magnitude
limit for each of the items of information listed
below. Attempts to enter numbers outside these
limits will result in a blinking NO SOLUTION
light and an error display. When the problem is
computed manually, these same tolerances may
be applied to manual data to test their magnitude.

Limits
Item Mintmum Mazimum

Warhead weight:

Light warheads 1,185 1,285 pounds

Heavy warheads 1,675 1,675 pounds’
Height of burst:

Tactical warheads 0 2,000 meters

Flash-smoke warheads 0 2,000 meters

Motor empty weight:

MGR-1A 1,900 2,200 pounds

MGR-1B 1,335 1,450 pounds
Stenciled propellant weight

correction (MGR-1B) -50 +50 pounds
Propellant weight (MGR- ’

1A) 2,000 2,100 pounds
Gross motor weight

(MGR-1A) 3,900 4,300 pounds
Propellant temperature:

MGR-1A 0° +120° F

MGR-1B -80° +120° F

Crest altitude, target alti-
tude, firing point altitude,
and observer altitude rela- .
tive to sea level ~300 +7,600 meters

b. Checking validity of Met Message. The met
message is one of the most important sources of
data for FDC computations. Rather than accept
it at face value from the met station, units should
examine the items in the message to determine
the probability of their being accurate and reason-
able.

(1) The first check is to determine whether
any significant changes in the atmosphere have
occurred since the message was prepared. If the
winds have increased noticeably or if other signi-

ficant changes in weather conditions have oc-
curred, the message may no longer be valid.

(2) The second check is to examine the data
in each line to see whether abrupt changes occur
from line to line. For example, if the temperature
in line 04 is 984 and the temperature in line 05
is 798, the line 05 digits may have been trans-
posed and the temperature probably should read
978.

(3) The third check is to compare the sur-
face pressure in the heading of the computer met
message with the pressure in line 00. The last
three digits of the values should be identical.

Note: The check in (3) above applies to the new com-
puter met message (implemented on or after 1 October
1970), which contains pressure in millibars in the last
four-digit column, and not to the old computer met mes-
sage, which contained density in grams per cubic meter in
the last four-digit column.

(4) The fourth check is to compare the
barometer reading at the launcher with the pres-
sure value in the heading of the ballistic met
message or in the heading/line 00 of the computer
met message after correction for the difference
in altitude between the MDP and the firing point.
If these readings differ by more than *§ milli-
bars, first verify that the proper scale of the
barometer is being read and then check with the
met station to determine whether the pressure
reading is still valid. This verification is necessary
to avoid an error in reading the unit barometer
and because thé determination of the other values
in the met message by the met station is based
on a beginning pressure value set on the baro-
meter in the radiosonde. If surface pressure has
changed significantly since the met message was
produced, the temperature and pressure readings
in the remaining lines of the met messages have
changed also and the met message may no longer
be valid. If surface pressure has not changed
significantly since the met message was pro-
duced, the unit barometer is in error.

¢. Verifying Low-Level Wind Data. The most
important method of verifying the low-level wind

6-1 .
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data is to test the operation of the windset, using
the windspeed simulator AN/GMM-7 and the
procedures stated in TM 11-6660-235-12. This
should be accomplished before the windset is used
for data readings. If the windspeed simulator is
not available, visual checks of wind direction and
windspeed may be made, using the indicated
readings shown in the lid of the data box. Rough
checks may also be made by comparing windset
readings with values in line 01 of the met message.
The latter procedure is limited in usefulness,
since many exceptions can occur to cause valid
windset readings which do not match met message
readings.

6-2. Use of Supplemental Data in the Firing
Tables

Certain information contained in the firing tables
is not used for firing data computations but may
be useful for other related calculations.

a. The Areas of the Normal Probability Curve
table contains information which can be used
in determining single-shot hit probability and in
determining assurance of clearing a crest. The
method of determining single-shot hit probability
is identical to the method shown in chapter 2,
FM 6-40. Use of the table to determine assurance
of crest clearance is covered in paragraph 3-16
of this manual.

b. The Ground Data table contains several
items, all of which are referenced to the level
point.

(1) The elevation, column 2; the ¢ factor,
column 3; and the time of flight, column 5, are
identical to the values in tables G and H in the
MGR-1B rocket firing tables and tables C and D
in the MGR-1A rocket firing tables.

(2) The meters-per-mil value, column 4, can
be used to calculate the fork, in mils, using the
formula FORK = 4 PE,/(m/mil). It is also used
in the crest clearance computations (para 3-12¢)

to convert PE, (probable error in range for .

ground impact) in meters to mils.

(3) The probable error in range for ground
impact, column 6, indicates simple trajectory dis-
persion when firing on a horizontal plane and
without an airburst fuze.

Note: The probable errors in Honest John firing tables

differ from the probable errors in cannon firing tables in
that the rocket probable errors-are estimates of the total

&2

weapon system dispersion which would be expected in the
field and are not just estimates of the weapon’s precision.

(4) The probable error in deflection (PE,),
column 7, applies to both a ground impact burst
and an airburst, since the action of an airburst
fuze does not affect the deflection dispersion. The
deflection PE increases with range, varying from
37 meters to 626 meters, for example, for the
MGR-1B rocket with light warhead fired from
the M386 launcher.

(6) The probable error in range for air-
burst (PEz), column 8, is the combination of the
trajectory dispersion of column 6 and the action
of an airburst fuze. In every instance, incorpora-
tion of an airburst fuze into firings results in a
smaller dispersion for the round and, therefore, a
smaller PE. This is true because the dispersion
in the fuze itself is small enough to compress the
distribution.

(6) The probable error in height for air-
burst (PEy), column 9, is the vertical component
of the distribution pattern of airburst rounds, or,
stated another way, PEy is the vertical component
of the combination of the simple trajectory dis-
persion of column 6 plus the action of the air-
burst fuze. l

(7) The angle of fall, column 10, is self-
explanatory. It is useful in computations for the
terminal end of the trajectory, such as target dead
space or burst point location, where rough esti-
mates are sufficient. The general procedure is to
assume that the trajectory is a straight line and
use the natural trigonometric functions of the
angle of fall for determining the range difference
for a given height change or vice versa.

c. The A R, o H tables (tables N and O in the
MGR-1B rocket firing tables and tables H and I
in the MGR-1A rocket firing tables) contain two
types of information for trajectories fired under
standard conditions. Table N (table H) contains
the range and height components of the total
distance a burst point would move were the ele-
vation to be increased by 10 mils while the time
of flight remained constant (fig 6-1).

Table O (table I) contains the range and height
components of the total distance a burst point
would move along a given trajectory if the time
of flight were increased 1 second (fig 6-2).

The two tables may be combined to determine the
range change and height change when a burst
point is moved from one trajectory to another
and the time of flight is also changed (fig 6-3).
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Figure 6-1. Change in quadrant elevation when time |
- remains constant.

>
T

Figure 6-2. Change in ttime when quadrant elevation
remains constant.

This is accomplished by solving the two equations
AR=AQE (A R/A QE) + ATF (A R/A TF)
AH=AQE A H/A QE) + A TF (A H/a TF),
where (A R/A QE) and (A H/A QE) are extracted
from table N (table H) and (A R/A TF) and
(A H/A TF) are extracted from table O (table
I). The following examples illustrate the use of
the A R, A H tables and the ¢ and t factors from
the Elevation and Time of Flight tables:

Example 1:
Known conditions—
Range to burst
Height of burst above
launcher
Firing table

20,000 meters

500 meters

FTR 762-H-1

FM 6-40-1

/
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/

Figure 6-8. Change in quadrant elevation and
time simultaneously. '

What is the amount of change in burst point loca-
tion which will occur for a 5-mil decrease in QF
with no change in TF?

Solution:

Enter the A R, A H (Elevation) table (table
N) with a range to burst of 20,000 meters and a
height of burst above launcher of 500 meters,
and extract the values for A R and A H of +12
meters and +204 meters, respectively. Since
these values are for an increase of 10 mils, the
signs must be reversed and the values must be
reduced for the amount of QE change: +12/10
X —5 = —6 and +204/10 x —5 = —102. The
height of burst would therefore decrease 102
meters and the range to burst would decrease 6
meters for a 5-mil decrease in QE with no change
in TF.

Example 2:
Known conditions—

Range to burst 28,500 meters
Height of burst above

launcher 1,300 meters
Firing table FTR 762-H-1

What is the change in burst point location for a
2.4-second decrease in TF with no change in QE?
Solution: .

Enter the A R, A H (Time of Flight) table
(table O) with a range to burst of 28,000 meters
and a height of burst above launcher of 1,600
meters and, using the same interpolation pro-
cedures as those used for firing data calculations,

3.
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determine the A R and A H factors for range
28,500 to be +221 and —260, respectively. In the
same manner, determine factors in the 1,000-
meter HOB column to be +215 and .—261. By
interpolation between the 1,000-meter HOB val-
ues and the 1,500-meter HOB values, determine
A R and A H values for 1,300-meters HOB of
+219 and —260 respectively. Since these values
are for an increase in time of flight of 1 second,
the sign must be reversed and the values must be
increased for the total decrease in time of flight
of 2.4 seconds: +219 X —-24 = -525.6 and
—260 X —2.4 = +624.0. The burst point would
therefore decrease 526 meters in range and in-
crease 624 meters in height for a decrease in TF
of 2.4 seconds.

Example 3:

Known conditions—
Range to burst
Height of burst above
launcher
Firing table

31,000 meters

500 meters
FTR 762-H-1

What increase in QE and TF 1is required to in-
crease the burst point range by 100 meters?

Solution:

Enter the Elevation table (table G, page
278) and the Time of Flight table (table H, page
279) and determine the ¢ and t factors for range
31,000 meters and HOB +500 meters to be 4.9
mils/100 meters and 0.53 second/100 meters.
Therefore, an increase of 4.9 mils in QE and an
increase of 0.53 second in TF would be required
to increase the range of the burst point by 100
meters.

Example 4:

Known conditions—
Range to burst
Height of burst above

launcher
Firing table

31,000 meters

500 meters
FTR 762-H-1

What are the approximate changes in QE and TF
equivalent to miss distances of —330 meters in
range and — 410 meters in HOB?

Solution:

Enter tables N and O with a range of 31,000
meters and an HOB of 500 meters and extract
the following four values:

AR/AQE = -4 A H/A QE
AR/ATF = +189 A H/A TF

+324
—298

Since the values extracted from table N are for

64

(—410) (-0.4) =

an increase of 10 mils in QE, they must be divided

- by 10 to determine the changes for an increase of

1 mil in QE.
—4/10 = -04 and' +324/10 = +32.4

Substituting these values in the equations dis-
cussed above and solving them simultaneously,
we have:

AR =AQE (AR/A QE) + ATF (A R/ATF)
AH+ AQE (A H/A QE) + ATF (AH/ATF)
—330 = AQE (—0.4) + A TF (+189)

—410 = AQE (+32.4) + ATF (—298)

Multiply by the coefficient of A QE: ,
(—330) (+324) = A" QE (-04) (+324) +
~ ATF (+189) (+32.4)
A QE (+324) (-04) +
. " ATF (-298) (-0.4)
—10692 -12.96 A'QE + 6123.6 A TF
164 —-1296 A QE + 1192 A TF
Changing signs and adding:
—10856 = 6004.4 A TF
TF = -1.808 seconds

Substituting back into the first equation:

—830 = —-04 A QE +.(—1.808) (+189)
—330 =- —04 A QE — 341.712

04 AQE = -11.712.

A QE = —29.28 mils

Therefore, for observed miss distances of —330
meters in range and —410 meters in HOB, the
equivalent QE and TF errors are —29.3 mils and
—1.81 seconds, respectively.

Ezxample 5:

Known conditions—.

Range to impact 20,000 meters

Height of impact above
launcher

Fuze setting fired

Firing table

1,000 meters
43.6 seconds
FTR 762-H-1

Had the fuze functioned properly, what is the
probable burst location for a desired airburst
round which failed to achieve an airburst?

Solution:

Using the same nonstandard conditions as
those used in initial computations, calculate the
fuze setting to the actual impact point. For this
problem, assume a time of 45.4 seconds. Sub-
tract from this the fuze setting fired to deter-
mine a A time: 45.4 — 43.6 = 1.8 seconds. Enter
table O with range 20,000 meters and height
1,000 meters and extract the two values of A R
and A H: +323 and —141. Multiply these by the
A time just determined: +323 x 1.8 = 581.4



meters and —141 X 1.8 = —253.8 meters. Alge-

braically subtract the A range from the range to -

impact (20,000 — 581 = 19,419) and the A height
to the impact altitude (1000 — (—254) =1254).
The probable burst location, had the fuze func-
tioned properly, would therefore be at a range of
- 19,419 meters and at a height above-launcher of
1,254 meters.

6-3. Safe Firing Limits

Conditions may occur which give rise to the ques-
tion of whether final launcher settings are safe.
An example of this would be large low-level cross
wind corrections which cause the launcher de-
" flection to be laid outside the left/right limits of
the safety diagram. The following guidance is
furnished for commanders and safety officers:
Providing that all of the following conditions have
been met, the final launcher setting is safe to fire:

a. The firing data have been computed accu-
rately.

b. The trial QE is equal to or exceeds the QE
to the minimum range line and is less than or
equal to the QE to the maximum range line, the
trial time of flight is equal to or greater than
the time of flight to the minimum time line, and
the aiming point deflection is within the left/
~right limits of the impact area. (For the M38
warhead, additional conditions specified by AR
38562 to prevent ricochet of the ballast should
also be met.).

¢. Rocket component data and atmospheric
data for FDC computations have been collected
accurately. .

.. d. Firing data have been accurately applied to
the rocket and launcher.

6-4. FADAC vs Manual Computations

. The following list shows those differences be-
tween FADAC and manual gunnery computations
for the Honest John rocket:

a. The computer met message contains un-
weighted zone quantities only; the ballistic met

FM 6-40-1

message contains weighted values. The FADAC

uses all lines of the met up to the line which con-
tains the maximum ordinate as it computes the
equations of motion. Manual procedures use only
the one line which contains the maximum ordi-
nate, and the weighting technique is provided to
take account of values in the lower lines.

b. Firing data for targets occurring on the as-
cending branch of the trajectory can be com-
puted manually but cannot be computed by
FADAC.

¢. FADAC has no capability to compute piece-
crest clearance; this must always be done man-
ually. However, intermediate crest clearance may
be computed by FADAC.

d. Manual computations require entry into fir-
ing table addendums or FM 6-40-1A for addi-
tional data. No input data are required from these
sources for FADAC computations, since the data
are already stored in the program.

e. Data for firing the chemical warhead M190
with both the MGR-1A and MGR-1B rockets can
be computed by means of FADAC. However, no
firing table addendum is available for this war-
head with the MGR-1A rocket. Therefore, when
data are computed manually, the M190 warhead
can be fired only with the MGR-1B rocket.

6-5. Choice of Height of Burst for Training
Firings
a. Rockets fired at heights of burst lower than
2.45 probable errors in height above the ground
(PE,) have more than a 5 percent chance of im-
pacting, simply because they fall in the lower
portion of the vertical dispersion pattern.

b. Some local range regulations preclude
higher heights of burst. However, units can sig-
nificantly reduce their impact percentage by sim-
ply raising the burst point to a height. sufficient
to provide at least a 95 percent probability of an
airburst (2.45 PEy). The heights of burst for
given launcher-target ranges which will provide
a 95 percent probability of an airburst are shown
in fig 6-4.

6-5



FM 6—40-1

L g Hif
HH R L
HH B afiiansitaniatihliastinbin ety s R i i ] HHH
seSlils: & SonpssiisaangnRciiaobsiizatRatisseacRRaskissinl L R H H HEH
: § T T e B R T T T T it
£ £ HEIGHT OF BURST ABOVE TARGET 3 HiH FEERL
H H . AHE Y R R T
HH 900 H WITH 95% PROBABILITY OF AiRBURST R §
é H ORI SU R S UA NSNS USRS RS SRESEE N b 131 1 ALA 1] )
H THHE  MGR-1AIM31) & HE T T E T §
HH 650 MGR—1B(M50) ROCKETS T Setaeisansteat LE H
4 H T H M ¥
H HH WITH HEAVY WARHEAD jEEisatesanasis H
60 : HHH HHHH A 4
Ty 800 i R T M31-maae LonR SRR AT HH i i
é@ 550 dEit BT ;
H FHIEEM31-M289 LCHR 3
2 500 H H
2 +4
a—; i34 "
£ f 8 H
- 450 D M50-M289 LCHR
o A M50-M386 LCHR JH HH
[« o H
< g f
400
w
>
o e s 4+
[+2]
< 350
Py H
o
I I H t4111¢
E 300
H 250
g 200 £
E 8
E 150 tH HH
tH 100 z H
§ T 3
= 50 T
H 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 34 A
H H HH LCHR-TARGET RANGE (km) H

Figure 6-4. Probability of airburst for a given range

and height of burst.



FM 6-40-1

APPENDIX A
REFERENCES

A~1. Publication Indexes

Department of the Army pamphlets of the 310-series should be consulted frequently for the latest
changes to or revisions of references given in this appendix and for new publications relating to
material covered in this manual.

A-2. Army Regulations (AR)

310-25 Dictionary of United States Army Terms

310-50 Authorized Abbreviations and Brevity Codes

385-62 Firing Guided Missiles and Heavy Rockets for Training, Target Practice,
and Combat

385-63 Regulations for Firing Ammunition for Training, Target Practice, and
Combat

611-201 Enlisted Military Occupational Specialties

A-3. Army Training Tests (ATT)

6-175 Field Artillery Battalion (Battery) Honest John

32400 Electronic Warfare (EW) Army Type Divisions, Brigades, Battalions,
' Other Units and Teams

A-4. Army Training Programs (ATP)
6-175 Field Artillery Rocket Units, Honest John Rocket

A-5. Department of the Army Pamphlets (DA Pam)

108-1 Index of Army Motion Pictures and Related Audio-Visual Aids
810-Series Military Publications Indexes

A-6. Field Manuals (FM)

5-25 Explosives and Demolitions

6-2 Field Artillery Survey

6-10 . Field Artillery Communications

6-15 . Artillery Meteorology

6-20-1 Field Artillery Tactics

6—20-2 Field Artillery Techniques

6—40 Field Artillery Cannon Gunnery

(S) 6-40-1A Field Artillery Honest John Rocket Gunnery (U)

6-59 Field Artillery Rocket Honest John with Launchers M386 and M33

6-60 Field Artillery Rocket Honest John with Launcher M289

661 Field Artillery Battalion, Honest John

6-125 Qualification Tests for Specialists, Field Artillery

6-140 Field Artillery Cannon Battalions and Batteries

(C) 6-141-2 " Nonnuclear Employment of Field Artillery Weapons Systems (Selected
(Modified) Munitions) (U)

A-1
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(C) 6-1656-1

21-5
21-6
21-26
21-30

(C) 32-5
(C) 32-6
101-31-1

(S) 101-31-2

101-31-3

. A=7. Firing Tables (FTR)

762—-A-2

762-B-2
762-C-1
762-D-1
762-E-1
762-F-1

762-ADD-A-1
762-ADD-B-1

762-G-1
762-H-1

762-1-1

762-J-1

762-K-1

762-1L~1

Special Procedures for Employment of Selected Ammunition with Free
Rockets (U) :

Military Training Management

Techniques of Military Instruction

Map Reading A N

Military Symbols

Signal Security (SIGSEC) (U)

SIGSEC Techniques (U)

Staff Officers’ Field Manual, Nuclear Weapons Employment, Doctrine and
Procedures

Staff Officers’ Field Manual, Nuclear Weapons Employment Eﬁects Data
(U)

Staff Officers’ Field Manual, Nuclear Weapons Employment Effects Data

Firing Tables for Launcher, Rocket: 762-mm Truck Mounted M289, Fir-
ing Rocket, 762-mm; M31 Mods with Warhead HE, 762-mm Rocket,

M6E1; Warhead, 762-mm Rocket, Flash-Smoke M38, and Warhead HE,

762-mm Rocket M144

Firing Tables for Launcher, Rocket: 762-mm, Truck- Mounted' M289,
Firing Rocket, 762-mm; M31 Mods with AKMS86, M27 M47 M48 and
M190 Warheads

Firing Tables for Launcher, Rocket 762-mm, M33 Firing Rocket 762-mm,
M31 Mods with AKM86, M27, M47, M48 and M190 Warheads :

Firing Tables for Launcher, Rocket 762-mm, M33 Firing Rocket 762-mm,
M31 Mods with Warhead HE 762-mm Rocket M6E1, Warhead HE
762-mm Rocket M144, Warhead 762-mm Rocket M38 and Warhead
Fragmentation M57 Mods

Firing Tables for Launcher Rocket 762-mm, Truck Mounted M386; Firing
Rocket, 762-mm; M31 Mods with AKM86, M27, M47, M48, and M190
Warheads

Firing Tables for Launcher, Rocket: 762-mm Truck Mounted M386, Flrlng
Rocket, 762-mm: M31 Mods with Warhead, HE, 762-mm Rocket, M6E1;
Warhead, 762-mm Rocket M38 Mods, M144, and HE M57 :

Firing Table Addendum for Launchers M289, M33, M386, Firing Rocket
762-mm M31 Mods with Warhead M144 ‘

Firing Table Addendum for Launchers M289, M33, M386. Firing Rocket
762-mm M31 Mods with Warhead M6E1

Firing Tables for Launcher, Rocket: 762-mm Truck Mounted, M386 Firing
Rocket, 762-mm M50 Mods with Warhead Sections M27, M47, M48,
M190

Firing Tables for Launcher Rocket: 762-mm Truck Mounted, M386 Firing
Rocket, 762-mm : M50 Mods with Warhead Section, HE : M144 Warhead
Section, Practice M38

Firing Tables for Launcher Rocket: 762-mm M33 Firing Rocket, 762-mm:
M50 Mods with Warhead Sections M27, M47, M48, M190

Firing Tables for Launcher Rocket: 762-mm M33 Firing Rocket, 762-mm °

M50 Mods with Warhead Section HE: M144 Warhead Section, Practice
M38

Firing Tables for Launcher, Rocket: 762-mm Truck Mounted, M289 Firing
Rocket, 762-mm M50 Mods with Warhead Sections M27, M47, M48, M190

Firing Tables for Launcher, Rocket, 762-mm Truck Mounted, M289, Firing



762-ADD-C-1

762-ADD-D-1

762-ADD-E-1
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Rocket, 762-mm M50 Mods with Warhead Sectlon, HE : M144 Warhead
Section, Practice M38 ‘
Firing Table Addendum for Launcher M289, M33, M386. Firing Rocket,
762-mm M50 Mods with Warhead Sections M144 and M186 .
Firing Table Addendum for Launcher M289, M33, M386. Firing Rocket
762-mm M50 Mods with Warhead Section, Gas, Nonpersistent GB, M190
Firing Table Addendum for Launchers M289, M33, M386. Flrmg Rocket
762-mm M50 Mods with Warhead Section, HE M6E1

A-8. Technical Manuals (TM)

5-6115-271-14

6-230 :
9-1065-202-10
9-1056-202-20
9-10656-202-20P
9-1056-203-ESC .
9-10566—-203-14

9-10556-203-24P

9-1066-206-ESC

9-10566-205-10
9-1065-205-20

9-1056-205-20P
9-1055—208-ESC
9-1055-208-12
9-1055-208-20P

(C) 9-1100-200-12
9-1100-200-20P

9N-1105-200-12

9-1220-221-10

Operator, Organizational, DS, GS, and Depot Maintenance Manual: Gen-
erator Set, Gasoline Engine 3 kw, Military Design (Less Engine) 3 kw,
AC, 400-Hz, DOD model MEP-021A; Generator Set, Gasoline Engine,

° 8 kw, Military Design (Less Engine) 3 kw, AC, 60-Hz, DOD Model

MEP-016A; Generator Set, Gasoline Engine, 8 kw, Military Design
(Less Engine) 8 kw, DC 220 28-volt: DOD Model MEP-026 A

Logarithmic and Mathematical Tables

Operator’s Manual: Truck-Mounted 762-mm Rocket Launcher M289

Organizational Maintenance: 762-mm Truck-Mounted Rocket Launcher
M289

Organizational Repair Parts & Special Tools.List for Launcher, 762-mm
Rocket Truck Mounted M289

Equipment Serviceability Criteria for Heating and Tiedown Unit, 762-mm
Rocket, Truck-Mounted, M78A1

Organizational, DS and GS Maintenance—Manual for Heating and Tie-
down Kit, 762-mm Rocket, Truck-Mounted: M78A1

Organizational, Direct Support, General Support and Depot Mamtenance
Repair Parts and Special Tools List For Heating and Tiedown Kit 762-
mm Rocket, Truck Mounted: M78A1 and M78A1E1l

Equipment Serviceability Criteria for Launcher, Rocket, 762-mm Truck-
Mounted, M386

Operator’s Manual : Truck-Mounted 762-mm Rocket Launcher M386

Organizational Maintenance: Truck-Mounted 762-mm Rocket Launcher
M386

. Organizational Repair Parts and Special Tool List for Truck Mounted

762-mm Rocket Launcher M386

Equipment Serviceability Criteria for Handling Umt 762-mm Rocket
Trailer-Mounted, M405 and M405A1

Operator and Organizational Maintenance Manual: Trailer-Mounted 762-
mm Rocket Handling Units M405 and M405A1

Organizational Maintenance Repair Parts and Special Tool Lists for
Trailer-Mounted 762-mm Rocket Handling Units M405 and M405A1

Operator and Organizational Maintenance (Prelaunch Procedures) M27,
M47, M48 Atomic Warhead Sections. M72 Training Warhead Section
(U)

Organizational Maintenance Repair Parts and Special Tool Lists (Illus-
trated Parts Breakdown) M27, M47, M48 Atomic Warhead Sections,
M72 Training Warhead Section

Operation and Organizational Maintenance Honest John Training War-
head Section '

Operator’s Manual: Computer, Gun Direction M18
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9-1220-221-20/1
9-1220-221-20/2

9-1220-221-20P

9-1340-202-ESC
9-1340-202-12

9-1340-202-20P
9-1340-211-12

9-1340-213-12
9-1340-218-12
9-1340-221-12
9-4931-204-12/2
9-6920-213-14
11-6660-235-12
11-6660-255-12

11-6675-200-10

134(A)

Organizational Maintenance Manual: Computer, Gun Direction, M18
Organizational Maintenance Manual: Computer, Gun Direction, M18 (Com-
posite Test Tape Program Printout)

Organizational Maintenance Repair Parts and Special Tools Lists for Com-
puter, Gun Direction, M18

Equipment Serviceability Criteria for 762-mm Rocket System

Operator and Organizational Maintenance Manual: 762-mm Rockets MGR-
1A and MGR-1B (Honest John Rocket System)

Organizational Maintenance Repair Parts and Special Tools Lists for
Rocket, 762—-Millimeter, MGR1B (M50 Series) and MGR1A (M31 Series)
(Honest John Rocket System)

Operator’s and Organizational Maintenance Manual Including Repair
Parts and Special Tools Lists: Warhead Section, 762—mm Rocket, High
Explosive: M144 and M186

Operator and Organizational Maintenance Manual, Warhead Section, 762-
mm Rocket, High Explosive, M6.

Operator and Organizational Maintenance Manual: Warhead Section, 762—
Millimeter Rocket, Training: M132

Organizational Maintenance Manual (Includes Repair Parts and Special
Tool Lists) : Warhead Section, 762-mm Rocket Training: M42

Operator and Organizational Maintenance Manual: Test Set, Computer
Logic Unit AN/GSM-70 (Composite Test Tape A Program Printout)

Operator, Organizational, DS and GS Maintenance Manual: 762-mm Train-
ing Rocket Motors M84 and M98 (Honest John Rocket System)

Organizational Maintenance Manual Including Repair Parts: Simulator,
Windspeed AN/GMM-7

Organizational Maintenance Manual Including Repair Parts and Special
Tools List: Wind Measuring Sets AN/PMQ-6 and AN/PMQ-6A

Operator’s Manual: Theodolites ML-47-C through ML-47-R, ML-247,

and ML-247A and double center theodohtes ML-474/GM and ML~
474A/GM

A-9. Allied Communications Publications (ACP)

Telephone Switchboard Operating Procedures
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Table B—1. Launcher-Rocket Elevation Limits

Launcher-rocket minimum elevation limits Launcher-rocket minimum elevation calculat.ons
- 10° Forward 10° Reverse
slope (—~178m)| Level (Om) |slope (178m)
emplacement lemplacemen{emplacement Emplacement | Angle . :
angle angle angle from thru Launcher-rocket minimum elevation
Launcher Rocket w wh # wn n
' —-1178 60 178
M386 MGR-1A 178 178 296 61 178 . 118 + emplacement angle
-178 0 72
M386 MGR-1B 72 72 250 1 178 72 4+ emplacement angle
—178 0 178
M2g9 MGR-1A 178 178 356 1 178 178 + emplacement angle
—-178 0 178
M289 MGR~-1B 178 178 356 1 178 178 + emplacement angle
—-178 0 178
M33 MGR-1A 178 178 356 1 178 - 178 + emplacement angle
—178 0 2
M33 MGR-1B 72 72 250 . 1 178 72 + emplacement angle
Launcher-rocket maximum elevation limits Launcher-rocket maximum elevation calculations
10° Forward 10° Reverse -
slope (—178m)| Level (0m) | slope (178m)
empl t |empl t | emplacement Emplacement Angle
angle angle angle from thru Launcher-rocket maximum elevation
Launcher Rocket lﬁ .
M386 All 1066 1244 1422 —-1178 178 1244 + emplacement angle
M289 All 888 1066 1244 —178 178 1066  + emplacement angle
M33 All 924 1102 1280 —-178 |1 178 1102 + emplacement angle

Note: All additions are algebraic.

Table B~2. Minimum Quadrant Elevation (FTR 762-A-2)

. Range to Piece-crest Range to Piece-crest
. L. erest QE (mils) crest QE (mils)
To ca.lculate the piece-crest minimum QE, a(;d 1700 109 3400 180
the piece-crest QE of the appropriate range in 1800 113 3500 182
the table below to the measured angle of site to 1900 116 3600 184
crest. If the range to crest falls between 100- 2000 120 3700 186
- meter increments, use the higher value of the g;gg igg gggg 132
. e .
two piece-crest QE’s involved. 2300 130 4000 193
. - , ‘ 2400 . 133 4100 195
e Gy R &yt 260 136 4200 197
100 83 900 83 2600 139 4300 198
2700 164 4400 200
200 83 1000 83
2800 167 4500 202
300 83 1100 86
2900 169 4600 204
400 83 1200 90
3000 172 4700 206
500 83 1300 93 '
3100 174 4800 208
600 83 1400 97
3200 176 4900 210
700 83 1500 101 3300 178 5000 212
800 83 1600 1056 :

B-1
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Table B-3. Minimum Quadrant Elevation (FTR 762-B-2)

To calculate the piece-crest minimum QFE, add
the piece-crest QE of the appropriate range in
the table below to the measured angle of site to
crest. If the range to crest falls between 100-
meter increments, use the higher value of the
two piece-crest QE’s involved.

Range to Piece-crest Range to Piece-crest
crest QE (mils) crest QE (mils)
3100 197 4100 215
3200 198 4200 216
3300 200 4300 218
3400 202 4400 219
3500 204 4500 220
3600 206 4600 222
3700 208 4700 223
3800 210 4800 224
3900 212 -4900 226
4000 214 5000 227

Table B—5. Minimum Quadrant Elevation (FTR 762-D-1)

To calculate the piece-crest minimum QE, add
the piece-crest QE of the appropriate range in
the table below to the measured angle of site to
crest. If the range to crest falls between 100-
meter increments, use the higher value of the

Range to Piece-crest Range to Piece-crest
crest QE (mils) crest QE (mils)
100 76 2600 130
200 76 2700 155
300 76 2800 157
400 76 2900 159
500 76 3000 161
600 76 3100 163
700 76 3200 165
800 76 3300 167
900 76 3400 168
1000 76 3500 170
1100 80 3600 172
1200 84 3700 174
1300 87 3800 176
1400 91 3900 178
1500 94 4000 179
1600 99 4100 181
1700 102 4200 182
1800 106 4300 184
1900 108 4400 185
2000 112 4500 187
2100 115 4600 188
2200 118 4700 190
2300 121 4800 191
2400 124 4900 193
2500 127 5000 194

Table B—4. Minimum Quadrant Elevation (FTR 762-C-2)

To calculate the piece-crest minimum QE, add
the piece-crest QE of the appropriate range in
the table below to the measured angle of site to
crest. If the range to crest falls between 100-
meter increments, use the higher value of the
two piece-crest QE’s involved.

two piece-crest QE’s involved.

Range to Piece-crest Range to Piece-crest
crest QE (mils) crest QE (mils)
100 100 2600 172
200 100 2700 198
300 100 2800 201
400 100 2900 203
500 100 3000 206
600 100 3100 208
700 100 3200 210
800 100 3300 212
900 100 3400 214
1000 100 3500 216
1100 105 3600 218
1200 110 3700 220
1300 115 3800 222
1400 120 3900 224
1500 125 4000 226-
1600 131 4100 228
1700 136 4200 229
1800 141 4300 230
1900 145 4400 232
2000 150 4500 233
2100 153 4600 235
2200 158 4700 236
2300 161 4800 237
2400 165 4900 239
2500 169 5000 240

Range to Piece-crest Range to Piece-crest
crest QE (mils) | crest QE (mils)
100 92 1600 120
200 92 1700 126
300 92 1800 130
400 92 1900 135
500 92 2000 140
600 92 2100 143
700 92 2200 147
800 92 2300 150
900 92 2400 154
1000 92 2500 157
1100 96 2600 161
1200 101 2700 187
1300 106 2800 189
1400 111 2900 192
1500 116 3000 195

B-2

Table B-6. Minimum Quadrant Elevation (FTR 762-E-1)

To calculate the piece-crest minimum QE, add
the piece-crest QE of the appropriate range in
the table below to the measured angle of site to
crest. If the range to crest falls between 100-
meter increments, use the higher value of the
two piece-crest QE’s involved.

Range to Piece-crest Range to Piece-crest
crest QE (mils) crest QE (mils)
100 91 300 91

200 91 ¢ 400 91



Range to Piece-crest Range to Piece-crest
crest QE (mils) crest QE (mils)
500 91 2800 188
600 91 2900 191
700 91 3000 194
"800 91 3100 196
900 91 .3200 197
1000 91 3300 199
1100 95 3400 201
1200 100 3500 203
1300 105 3600 205
1400 110 3700 207
1500 115 3800 209
1600 120 3900 211
1700 124 4000 213
1800 130 4100 214
1900 134 4200 215
2000 139 4300 217
2100 142 4400 218
2200 146 4500 219
2300 149 4600 220
2400 153 4700 222
2500 156 4800 223
2600 160 4900 224
2700 186 5000 226

Table B-7. Minimum Quadrant Elevation (FTR 762-F-1)

To calculate the piece-crest minimum QFE, add
the piece-crest QE of the appropriate range in
the table below to the measured angle of site to
crest. If the range to crest falls between 100-
meter increments, use the higher value of the

two piece-crest QE’s involved.

Range to Piece-crest Range to Piece-crest
crest QE (mils) crest QE (mils)
100 99 2600 171
200 99 2700 197
300 99 2800 200
400 99 2900 202
500 99 3000 205
600 99 3100 207
700 99 3200 209
800 99 3300 211
900 99 3400 213
1000 99 3500 215
1100 104 3600 217
1200 109 3700 219
1300 114 3800 221
1400 119 3900 223
1500 124 4000 225
1600 130 4100 227
1700 135 4200 228
1800 140 4300 229
1900 144 4400 231
2000 149 4500 232
2100 152 4600 234
2200 157 4700 235
2300 160 4800 236
2400 164 4900 238
2500 167 5000 239
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Table B-8. Minimum Quadrant Elevation (FTR 762-G~1)

To calculate the piece-crest minimum QE, add
the piece-crest QE of the appropriate range in
the table below to the measured angle of site to
crest. If the range to crest falls between 100-
meter increments, use the higher value of the
two piece-crest QE’s involved.

Range to Piece-crest Range to Piece-crest
crest QE (milg) crest QE (mils)
100 91 2600 108
200 91 2700 130
300 91 2800 130
400 91 ' 2900 130
500 91 3000 130
600 91 3100 130
700 91 3200 130
800 91 3300 130
900 91 3400 130
1000 91 3500 130
1100 91 3600 130
1200 93 3700 130
1300 96 3800 130
1400 97 3900 131
1500 98 . 4000 131
1600 98 4100 131
1700 99 4200 132
1800 102 4300 132
1900 102 4400 132
2000 104 4500 133
2100 104 4600 133
2200 105 4700 133
2300 106 4800 134
2400 106 4900 134
2500 107 5000 134

Table B-9. Minimum Quadrant Elevation (FTR 762-H~1)

To calculate the piece-crest minimum QFE, add
the piece-crest QE of the appropriate range in
the table below to the measured angle of site to
crest. If the range to crest falls between 100-
meter increments, use the higher value of the
two piece-crest QE’s involved.

Range to Piece-crest Range to Piece-crest
crest QE (mils) crest QE (mils)
100 97 1600 105
200 97 1700 106
300 97 1800 107
400 97 1900 108
500 " 97 2000 109
600 97 © 2100 110
700 97 2200 111
800 i 97 2300 111
900 97 2400 113
1000 97 2500 113
1100 98 2600 114
1200 99 2700 137
1300 101 2800 . 137
1400 102 2900 137
1500 103 3000 137
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Range to Piece-crest Range to Piece-crest
crest QE (mils) crest QE (mil<)
3100 138 4100 141

-3200 138 , 4200 141
3300 138 4300 141
3400 "138 4400 142
3500 138 4500 142
3600 - 139 4600 143
3700 139 4700 143
3800 139 4800 144
3900 140 4900 144
4000 o, 140 5000 145

Table B-10. Minimum Quadrant Elevation (FTR 762-1-1 )

To calculate the piece-crest minimum QE, add
the piece-crest QE of the appropriate range in

the table below to the measured angle of site to

crest. If the range to crest falls between 100-
meter increments, use the higher value of the
two piece-crest QE’s involved.

Range to Piece~crest Range to Piece-crest
crest QE (mils) - creat QE (mils)
500 88 2800 130
600 88 2900 " 130
700 88 3000 130
800 88 3100 130
900 88 - 3200 130
1000 ‘88 3300 131
1100 89 3400 131
1200 91 3500 131 .
1300 93 3600 131
1400 94 3700 132
1500 95 - 3800 182
1600 96 3900 . 132
1700 99 4000 133
1800 100 4100 . 133
1900 101 4200 133
2000 103 4300 134

2100 103 4400 134
2200 104 4500 134
2300 105 4600 135
2400 106 4700 135
2500 106 4800 136
2600 107 4900 136
2700 130 5000 137

Table B—12. Minimum Quadrant Elevation
(FTR 762-K-1)

To calculate the piece-crest minimum QE, add
the piece-crest QE of the appropriate range in
the table below to the measured ang[e of site to
crest. If the range to crest falls between 100-
meter increments, use the higher value of the

Range to Piece-crest Range to | Piece-crest
crest QE (mils) crest QE (mils)
100 83 2600 99
200 83 2700 122
300 83 2800 122
400 83 2900 122
500 83 3000 122
600 83 3100 122
700 83 - 3200 122
800 83 3300 122
900 83 3400 122
1000 83 3500 122
1100 84 3600 122
1200 85 3700 122
1300 87 3800 123
1400 88 3900 123
1500 89 4000 .123
1600 91 4100 123
1700 92 4200 . 124
1800 93 4300 124
1900 93 4400 124
2000 95 4500 1256
2100 95 4600 125
2200 97 4700 125
2300 97 4800 126
2400 98 4900 126
2500 98 5000 126

Table B-11. Minimum Quadrant Elevation
(FTR 762-J-1)

To calculate the piece-crest minimum QFE, add
the piece-crest QE of the appropriate range in
the table below to the measured angle of site to
crest. If the range to crest falls between 100-
meter increments, use the higher value of the
two piece-crest QE’s involved.

Range to Piece-crest Range to Piece-crest
crest QE (mils) crest QE (mils)
100 88 300 88

200 88 400 88
B4 '

two piece-crest QE’s involved.

Range to Piece-crest Range to Plece-crest
crest QE (mils) crest QE (mils)
100 84 2600 . 99
200 84 2700 122
300 84 2800 122
400 84 2900 122
500 84 3000 122
600 84 3100 122
700 84 3200 122
800 84 3300 122
900 84 3400 122
1000 84 3500 122
1100 85 3600 122
1200 86 3700 122
1300 86 3800 122
1400 88 3900 122
1500 89 4000 122
1600 91 4100 123
1700 92 4200 123
1800 92 4300 123
1900 93 4400 124
2000 94 4500 124
.2100 95 4600 125
2200 96 4700 - 126
2300 97 4800 126
2400 97 4900 126
25600 98 5000 126
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Table B-13. Minimum Quadrant Elevation

: o ' (FTR 762-L-1) L - Bangeto OB i Ronggto 3E e’
‘ ~ To calculate the piece-crest minimum QF, add the 1700 . 97 8400 129
piece-crest QE of the appropriate range in the 1800 98 3500 130
table below to the measured angle of site to crest. 1900 99 3600 130
2000 100 3700 130
If the range to crest falls between 100-meter 2100 101 3800 181
increments, use the higher value of the two 2200 102 3900 131
' piece-crest QE’s-involved. . 2300 103 4000 131
: 2400 104 4100 132
. Ranse A tmneyt Rongs v By :ggg igg iggg : igg
100 88 900 88 2700 128 4400 ' 133
200 - 88 1000 88 2800 129 4500 - o134
. 300 88 1100 89 2900 129 4600 134
400 88 - 1200 90 3000 129 4700 135
500. ‘88 1300 92 . 3100 129 4800 135
600 88 '+ 1400 93 3200 129 4900 136
. 700 . 88 1500 o 3300 129 5000 136
) 800 88 1600 96
Table B-14. Time to Read Vertical and Horizontal Angles, Pilot Balloon Techniques for
Low-Level Winds (MGR-1A and MGR-1B)
Al other than nighttime conditions Nighttime conditions
. QE mils Time in seconds QE mils : Time in seconds
200 ... ... PR . 20 200 .o 24
240 .l 22 220 o il- 26
280 _ ol ... 25 240 . eeoo_- 27
820 ... 27 260 . 29
860 - 30’ 280 - 30
400 _ ... . 32 300 . ao-- 31
460 . ... ' 35 ) 820 ... 33
B00 ..o 37 840 . ao-- 34
B50 - oo 40 860 ... 35
600 .. ... 42 380 .. e o--_ 36
650 - . 44 400 . ___________. PO 37
- 700 - ... DU , 46 440 ____ . __.. 39
. 800 __ ... 49 480 .. 41
900 _ e 52 B20 - o iaao. _ 43
. B60 - .. 45
- 600 - .. 46
' 660 - _ ... 48
700 . oo -- 50
T50 - e 51
800 ___ .. 52
. 860 . --- 54
- : 900 - . 55
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Table B-15. Windspeed Table for Low-Level Winds, Pilot Balloon Techniques
(Argument for entry is vertical angle to nearest tenth degree.)

Elevation Angle of Balloon in Degrees and Tenths of a Degree

Degrees | 0.0 [ 0.1 | 0.2 - 0.3 I 0.4 1 0.5 l 0.6 ] 0.7 i 0.8 | 0.9

Windspeed (miles per hour)

5 ... 94.4 92.5 90.8 89.0 874 85.8 84.3 82.8 81.3 78.9

6 . 78.6 77.3 76.0 74.8 73.7 72.5 1.4 70.3 69.3 68.3

T o 67.3 66.3 65.4 64.5 63.6 62.7 61.9 61.1 60.3 59.5

8 . ___. - - | 588 58.0 57.3 56.6 55.9 55.8 54.6 54.0 53.4 52.8

9 . 52.2 51.6 51.0 50.4 49.9 494 48.8 48.3 47.8 47.3
10 ... 46.8 T 46.4 45.9 45.5 45.0 44.6 4.1 43.7 43.3 429
1o 42.5 421 41.7 41.3 41.0 40.6 40.2 39.9 39.5 39.2
) 38.9 38.5 38.2 37.9 37.6 37.3 31.0 36.7 36.4 36.1
13 .. 35.8 356.5 35.2 34.9 34.7 34.4 34.1 33.9 33.6 33.4
14 . 33.1 32,9 32.6 32.4 32.2 31.9 31.7 31.5 313 31.0
15 . 30.8 30.6 30.4 30.2 30.0 29.8 29.6 29.4 29.2 29.0
16 .. 28.8 28.6 28.4 28.3 28.1 27.9 277 27.5 27.4 27.2
B 27.0 26.9 26.7 26.5 26.4 26.2 26.0 25.9 25.7 25.6
18 .. 25.4 25.3 25.1 25.0 24.8 24.7 24.5 24.4 24.3 24.1
19 . 24.0 23.9 23.7 23.6 23.5 23.3 23.2 23.1 22.9 22.8
20 ... 22.7 22.6 22.5 22.3 22.2 22.1 22.0 21.9 21.7 21.6
21 . 21.5 214 21.3 21.2 21.1 21.0 20.9 20.8 20.7 20.6
22 ... 20.4 20.3 20.2 20.1 20.0 19.9 19.8 19.8 19.7 19.6
23 ... 19.5 194 19.3 19.2 19.1 19.0 18.9 18.8 18.7 18.6
24 ____________. 18.6 18.5 18.4 18.3 18.2 18.1 18.0 18.0 17.9 17.7
25 . 17.7 17.6 17.6 17.5 17.4 17.3 17.2 17.2 17.1 17.0
26 ... 16.9 16.9 16.8 16.7 16.6 16.6 16.5 16.4 16.4 16.3
27 . 16.2 16.1 16.1 16.0 15.9 15.9 15.8 15.7 15.7 15.6
28 .. 15.5 15.5 154 15.3 15.3 15.2 15.2 15.1 15.0 15.0
29 (... 14.9 14.8 14.8 14.7 14.7 14.6 14.5 14.5 14.4 144
30 .. 14.3 14.3 14.2 14.1 141 14.0 14.0 13.9 13.9 13.8
31 .. 13.8 13.7 13.6 13.6 13.5 13.5 134 13.4 13.3 13.3
32 . 13.2 13.2 13.1 13.1 13.0 13.0 12.9 12.9 12.8 12.8
38 . 12.7 12.7 12.6 12.6 12,5 12.5 124 124 12.3 123
34 ___________.. 12.3 12.2 12.2 121 12.1 12.0 12.0 11.9 11.9 11.8
36 .. 11.8 11.8 11.7 11.7 11.6 11.6 11.5 11.5 11.5 114
36 . 11.4 11.3 11.3 11.2 11.2 11.2 11.1 111 11.0 11.0
37T o l._ 11.0 10.9 10.9 10.8 10.8 10.8 10.7 10.7 10.7 10.6
38 (... . L. 10.6 10.5 10.5 10.5 10.4 10.4 10.4 10.3 10.3 10.2
39 . ... 10.2 10.2 10.1 10.1 10.1 10.0 10.0 10.0 9.9 9.9
40 . 9.8 9.8 9.8 9.7 9.7 9.7 9.6 9.6 9.6 9.5
41 . 9.5 9.5 9.4 9.4 9.4 9.3 9.3 9.3 9.2 9.2
42 .. 9.2 9.1 9.1 9.1 9.1 9.0 9.0 9.0 8.9 8.9
43 ... 8.9 8.8 8.8 8.8 8.7 8.7 8.7 8.6 8.6 8.6
4 ___________. 8.6 8.5 8.5 8.5 8.4 84 84 8.4 8.3 8.3
45 . . 8.3 8.2 8.2 8.2 8.2 81 8.1 8.1 8.0 8.0
46 _____________ 8.0 8.0 7.9 7.9 7.8 7.8 7.8 7.8 7.8 7.8
47 . 7.7 7.7 (N 7.6 7.6 7.6 7.5 7.5 7.5 1.5
48 (... 7.4 7.4 7.4 7.4 7.3 1.3 7.3 7.3 7.2 7.2
49 ... 7.2 7.2 7.1 7.1 7.1 7.1 7.0 7.0 7.0 7.0
50 ... 6.9 6.9 6.9 6.9 6.8 6.8 6.8 6.8 6.7 6.7
51 . __ 6.7 6.7 6.6 6.6 6.6 6.6 6.6 6.5 6.5 6.5
52 . 6.5 6.4 6.4 6.4 6.3 6.3 6.3 6.3 6.3 6.3




Table B-15. Windspeed Table for Low-Level Winds, Pilot Balloon Techniques—Continued
(Argument for entry is vertical angle to nearest tenth degree.)
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Elevation Angle of Balloon in Degrees and Tenths of a Degree

Degrees 0.0 o1 | oz [ o3 ] 04 | 05 | 0.6 07 | o8 | 09
Windspeed (miles per hour)
53 .. -.- 6.2 6.2 6.2 6.2 6.1 6.1 6.1 6.1 6.1 6.0
54 o _____. 6.0 6.0 6.0 5.9 5.9 5.9 5.9 5.9 5.8 5.8
65 -l ..... 5.8 5.8 5.7 . 5.7 5.7 5.7 5.7 5.6 5.6 5.6
66 . ... 5.6 5.6 5.5 5.5 5.5 5.5 5.5 54 5.4 5.4
Y 5.4 5.3 5.3 5.3 5.3 5.3 5.2 5.2 5.2 5.2
68 .- -. 5.2 5.1 5.1 5.1 5.1 5.1 5.0 5.0 5.0 5.0
59 ... 5.0 49 4.9 4.9 49 4.9 4.9 4.8 4.8 4.8
60 .________ ... 4.8 4.8 4.7 4.7 4.7 4.7 4.7 4.6 4.6 4.6
61 . ____. 4.6 4.6 4.5 4.5 4.5 4.5 4.5 4.5 4.4 4.4
62 __ ... 4.4 4.4 4.4 4.3 4.3 4.3 4.3 4.3 - 4.2 4.2
63 . ... 4.2 4.2 4.2 4.2 4.1 4.1 4.1 4.1 4.1 4.1
64 ______ .. ____. 4.0 4.0 4.0 4.0 4.0 3.9 3.9 3.9 3.9 3.9
65 e - - 3.9 3.8 3.8 3.8 3.8 3.8 3.8 3.7 3.7 3.7
66 . _ . 3.7 3.7 3.6 3.6 3.6 3.6 3.6 3.6 3.5 3.5
67 .__. .____._ 3.6 3.5 3.6 3.5 3.4 3.4 3.4 3.4 3.4 3.4
68 __ ... ___. 3.3 3.3 3.3 3.3 3.3 3.3 3.2 3.2 3.2 3.2
69 . ____. 3.2 3.2 3.1 3.1 3.1 3.1 3.1 3.1 3.0 3.0
T0 . _--. 3.0 3.0 3.0 3.0 2.9 2.9 2.9 2.9 2.9 2.9
5 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.7 2.7 2.7
T2 .. 2.7 2.7 2.7 2.6 2.6 2.6 2.6 2.6 2.6 2.5
T3 .- 2.6 2.5 2.5 2.5 2.5 2.5 2.4 2.4 24 2.4
T4 .. 2.4 2.4 2.3 " 2.3 2.3 2.3 2.3 2.3 2.2 2.2
15 - 2.2 2.2 2.2 2.2 2.2 2.1 2.1 21 2.1 21
6 oo -- 2.1 20 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.9
N o 1.9 1.9 1.9 1.9 1.9 1.8 1.8 1.8 1.8 1.8
- 1.8 1.7 1.7 1.7 1.7 1.7 1.7_ 1.7 1.6 1.6
9 .. 1.6 1.6 1.6 1.6 1.6 1.5 1.5 1.5 1.5 1.6
80 _______._.__- 1.5 1.4 1.4 1.4 1.4 14 14 1.4 1.3 1.3
81 .. _... 1.3 1.3 1.3 1.3 1.3 1.2 1.2 1.2 1.2 1.2
82 ... __... 1.2 1.2 1.1 1.1 1.1 1.1 1.1 1.1 1.0 1.0
83 ... 1.0 1.0 1.0 1.0 1.0 9 .9 9 9 9
84 ____________. 9 .9 .8 .8 8 8 .8 .8 8 7
86 . ____ . ...._ N N N q N .6 .6 .6 .6 .6
86 . ___._..._..- .6 .6 .6 .5 .b .5 .5 b .5 .5
87 . ... 4 4 4 4 4 4 4 .3 3 3
88 .. _.... 3 .3 .3 .3 2 2 2 2 2 2
89 ___.___.._____ 1 1 1 1 . 1 1 .0 .0 .0
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Table B-16. Wind Correction Components for a 1-Mile-Per-Hour-Wind,
Pilot Balloon Technique

“"Range Cross Range Cross

Degrees wind wind Degrees Degrees wind wind Degrees
0 T 1.00 R 00L 360 59 .. T .52 R 8 L 301
1ol T 1.00 R .02 L 359 60 _ .. T .50 R .86 L 300
2 ol T 1.00 R .03 L 358 61 .. T .48 R 87L 299
S T 1.00 R .05 L 357 62 .. T .47 R 88 L 298
4. T 1.00 R .07L 356 63 ... T .45 R 89 L 297
S T 1.00 R .09 L 355 64 _ ... T .44 R 90 L 296
R T .99 R .10 L 354 65 . T .42 R 91L 295
(R T .99 R 12 L 353 66 ... T .41 R 91 L 294
8 .. T .99 R 14 L 352 67 . T .39 R 92 L 293
9 ... T .99 R .16 L 351 68 o __. T .37 R 93 L 292
100 .. T .98 R 17 L 350 69 .. T .36 R 93 L 291
3 1 T .98 R .19 L 349 T0_ T .34 R 94 L 290
12 ... T .98 R 21 L 348 T oo T .33 R 95 L 289
18 . ... T .97 R 22 L 347 T2 .. T .31 R .95 L 288
14 T .97 R 24 1L 346 L S T .29 R .96 L 287
15 . T .96 R .26 L 845 Tdo .. T .28 R 96 L 286
16 ... T .96 R 28 L 344 TS oo T .26 R 97L 285
17 ... T .96 R 29 L 343  (: T T .24 R 97L 284
18 ... T .95 R 31L 342 & (R T .22 R 97 L 283
19 ... T .95 R 33L° 341 £ S T .21 R 98 L 282
20 . _____ T .94 R 84 L 340 9 . T .19 R 98 L 281
21 ... d T .98 R 36 L 339 80 _ .. T .17 R 98 L 280
22 ... T .93 R 37L 338 8. ___. T .16 R 99 L 279
28 ... T .92 R 39 1L 337 82 ... T .14 R 99 L 278
24 ... T .91 R 41 L 336 83 ... T .12 R 99 L 2717
25 . T .91 R 42 L 335 84 .. T .10 R 99 L 276
26 T .90 R 4L 334 85 .. T .09 R 1.00 L 275
2T ... T .89 ‘R 45 L 333 86 . ... T .07 R 1.00 L 274
28 ... T .88 R 47L 332 87 T .05 R 1.00 L 273
29 ... T .87 R 48 L 331 88 .. T .03 R 1.00 L 272
80 ... T .87 R 50L 330 89 __._. T .02 R 1.00 L 271
&1 .. T .86 R 52 L 329 90 ... T .00 R 1.00 L 270
82 ... T .85 R 53 L 328 L+ ) H .02 R 1.00 L 269
83 ... T .84 R 54 L 327 92 .. H .03 R 1.00 L 268
84 ... T .83 R 56 L 326 93 . H .05 R 1.00 L 267
35 .. T .82 R 57L 325 94 . _____. H .07 R 1.00 L 266
86 ... T .81 R 59 L 324 95 _ . _.._. H .09 R 1.00 L 265
8T ... T .80 R 60L 323 96 .. H .10 R 9L 264
88 ... T .79 R 62 L 322 97 .. H .12 R 99 L 263
39 ] T .78 R 63 L 321 98 ... H .14 R 99 L 262
40 . _____. T .77 R .64 L- 320 99 ... H .16 R 99 L 261
. T .75 R .66 L 319 100 ... H .17 R 98 L 260
42 . T .74 R 67L 318 101 H .19 R 98 L 259
43 . T .73 R 68 L 317 102 . H .21 R 98 L 258
44_ . _. T .72 R 69 L 316 103 ... H 22 R 97L 257
45 ... T 1 R ML 315 104 ... ___. H .24 R 97L 256
46 .. ... T .69 R .72 L 314 105 . H .26 R 97L 256
a7 ... T .68 R .13 L 313 106 . ... _. H .28 R 96 L 254
48 ... T .67 R .14 L 312 107 .. H .29 R 96 L 253
49 ... T .66 R .75 L 311 108 . .. H .31 R 95 L 252
11 T .64 R .17L 310 109 ... H .33 R 95 L 251
;3 R T .63 R .18 L 309 1100 .. H .34 R 94 L 250
B2 .. T 62 R 9L 308 11 H .36 R 93 L 249
B3 ... T .60 R .80 L 307 112, ... H .37 R 93 L 248
54 ... T .59 R 81L 306 118 . H .39 R 92 L 247
1 S T .57 R 8L 305 114 . H 41 R 91L 246
56 . T .b6 R 83 L 304 115 H .42 R 91L 245
3 T .54 R 84 L 303 116 .. H .44 R .90 L 244
58 .. T .53 R 8 L 302 117 .. H .45 R 89 L 243

Note. When entering the table from the left (right), use the letter preceding (following) the cross wind correction component.
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Table B-16. Wind Correction Components for a I1-Mile-Per-Hour-Wind, Pilot Balloon Technigue—Continued

Range Cross Range Cross
Degrees wind wind Degrees Degrees wind wind Degrees
118 . H 47 R 88 L 242 160 .. H .87 "R B0 L 210
19, .. H .48 R 87TL 241 B ;3 H .87 R 48 L 209
120 ... H .50 R 87L 240 162 ... H .88 R 47 L 208
121 .. H .52 R 86 L 239 163 .. H .89 R 45 L 207
122 ... H .53 R 85 L 238 164 ... H .90 R 4L 206
123 ... H .54 R 84 L 237 166 ... H 91 R 42 L 205
124 . H .56 R 83 L 236 1656 .. H 91 R 41L 204
125 .. H .57 R 82 L 235 167 . H .92 R 39 L 203
126 ... H .59 R 81L 234 168 .. H .93 R 37L 202
127 .. H .60 R 80 L 233 169 ... H .93 R .36 L 201
128 .l H .62 R T9 L 232 160 _______._.. H .94 R 34 L 200
129 ... H .63 R .78 L 231 161 .. H .95 R 33 L 199
130 ... H .64 R 1ML 230 162 .. H .95 R 31 L 198
131 .. H .66 R 75 L 229 163 . H .96 R 29 L 197
132 ... H .67 R 714 L 228 164 ____. H .96 R 28 L 196
188 .. H .68, R 73 L 227 165 .. H .97 R 26 L 195
134 ... H .69 R 72 L 226 166__ ____________._. H .97 R 24 L 194
135 .. H N R 71L 226 167 .. H .97 R 22 L 193
186 . H .72 R 69 L 224 168 ... H .98 R 21 L 192
187 .. H .73 R 68 L 223 169 __ ... H .98 R 19 L 191
188 ... H .74 R 67L 222 170 . ... H .98 R 17 L 190
139 ... H .75 R 66 L 221 171 ... H .99 R 16 L 189
140 .. .1 H .17 R 64 L 220 172 ... H .99 R 1ML 188
141 .. H .78 R .63 L 219 178 .. H .99 R 12 L 187
142 .. H .79 R 62 L 218 174 .. H .99 R 10L 186
143 .. H .80 R 60 L 217 176 .. H 1.00 R 09 L 185
144 . __ H .81 R 59 L 216 176 .. H 1.00 R 07L 184
145 .. H .82 R 57L 215 177 . H 1.00 R 05L 183
146 ... H .83 R 56 L 214 178 .. H 1.00 R 03L 182
147 . H .84 R 54 L 213 179 _ . H 1.00 R 02L 181
148 . ___ H .85 R 53 L 212 180 ___ . ____ H 1.00 R 00 L 180
149 . H .86 R 62 L 211
Table B-17. Quadrant Elevation for Piece-Crest Ranges to 5,000 Meters
Piece-crest range (meters) Quadrant elevation (mils)
M289 launcher | M289 launcher
FTR 762-A-2 | FTR 762-B-2"
1000 . " 48 42
2000 . 85 78
3000 e el 117 107
4000 . e eiea- 143 130
D000 165 148
M386 launcher | M386 launcher
FTR 762-E-1 | FTR 762-F-1
1000 e 54 61
2000 e 102 111
B000 . e et 137 147
4000 il 161 172
BO00 e e e e 177 189
M33 launcher | M33 launcher
FTR 762-C-1 | FTR 762-D-1
1000 e e i mmmeen 54 61
2000 e - 102 111
000 i 137 147
4000 e e e 161 172
BO00 . e i 177 189
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- CHAPTER 4

FIRE DIRECTION USING THE M18 GUN DIRECTION
COMPUTER (FADAC)

4-1. Current Procedure

See FM 6-3-2 (Operation the Gun Direction
Computer M18, Rocket Applieation).

4-2, STANAG 4082 Modificatjon

a. When the FDC receives a
message which has been produced u
visions of STANAG 4082, it will be necessary to
use a short addendum tape, part number\8213315-
104. This addendum tape modifies the\current
tape to use the pressure-temperature (STANAG
4082) computer met message.

b. The addendum tape is loaded into the com-
puter by means of the AN/GSQ-64 signal da
reproducer after the main program, part number
8213315-18, has been loaded. Program test 1 will
then result in a display of 2 00000 00011 10762.
Program test 1 should always be performed and
the display checked to insure that the program
is correct for the met being used. Normal display

if the addendum tape has not been entered into
the computer is 2 00000 00000 00762.

¢. Detailed operating procedures for using the
addendum tape are as follows:

(1) Use only with a met message which con-
forms to STANAG 4082,

(2) Enter the Honest .jo_hn program tape.

(3) Determine the check sum by running
program test number 1. Display is 2 00000 00000
00762 if properly entered.

(4) Enter the addendum tape.

(5) Determine the check sum by running
program test number 1. Display is 2 00000 00011
10762 if properly entered.

Note: The STANAG 4082 met may be readily identified
by comparing the last three digits in the ID line with the

st three digits in the 00 line. If the last three digits in
bdth lines are identical, the message is in conformance
with STANAG 4082,
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