98. (CMHA) Symbols and Abbreviations

The following symbols and abbreviations are used in computations:

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

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

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

d. E—Angle of clevation of the range-measuring nccelerometer
rounded to the nearest 0.1°,

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

f. Er—Easting of the launcher.

q. FE+—Easting of the target.

h. F—Time in seconds required for range accelerometer to achieve
a velocity output of 720 meters per sccond. (F+.01 and F—.01—The
upper and lower limits of the time interval in which F must lie.)

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

j- hy—Altitude of launcher location.

k. hy—Altitude of target to include height of burst.

I. H—Velocity output of the lateral accelerometer at the end of 100
seconds. (H+.01 and H—.01—The upper and lower limits of the
velocity output in which H must lie.)

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

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

0. Kr—Geodetic azimuth of a line from launcher to turget.

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

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

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

*. N—One of two cutoff equation constants.

. N,—Northing of the Inuncher.

u. Nr—Northing of the target.

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

w. Q—Missile’s velocity presetting.

». Ry—Eflective range angle. Used in determining argument R,
for firing table entry and in computing the interpolation factor,

y. R—Anadjusted R, used only for firing table entry in computing
the interpolation factor and times t, and t,.

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

aa. S—Missile displacement presetting.

ab. ST—Required specific impulse.
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ae. S10—Calibrated specific impulse from thrust unit log book.

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

ae. "I'—One of two cutoff equations.

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

ag. TA—Alcohol temperature required.

ah. TB—Desired burning time.

ai. TC—Cutoff signal time.

aj. 1I'I—Totul computed flight time.

ak. TAO—Initial alcohol temperature.

al. TBM—Maximum burning time.

am. WL—Liftofl weight in pounds.

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

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

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

aq. é.—Geodetic Intitude of the lnuncher location.

ar. ¢r—Geodetic latitude of the target.

as. T—Geodetic longitude of the launcher location.

at. ‘I'—Geodetic longitude of the target location,

99. (CMHA) Determination of Basic Data

a. General.

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

(2) Target and lnuncher locations for distance and azimuth
computations will normally be furnished the Redstone units
in terms of universal transverse mercator grid coordinates.
If locations are given in geographic coordinates only, the
universal transverse grid coordinates can be computed by
using volume I of the universal transverse mercator grid
tables for the proper spheroid. Conversely, if locations are
given in terms of universal transverse mercator grid coordi-
nates they may be transformed by using volume 11 of the
universal transverse mercator grid tables for the proper
spheroid.

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

Note. At the present time, Army Map Service is planning to publish
manuals which will permit the transformation over several zones by
one computation,

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

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

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

(3)The purpose of worksheet 3 is to apply corrections to firing
table values when the target or launcher or both are at other
than sea level altitude. This is accomplished by ealculating
a value R, which is used as the argument for determining
the interpolation factor IF. This value R, is expressed ns
a function of the range angle R. Tt is based upon the launcher
location, target location, the altitudes H, and IIr of the
launcher and target respectively, the target azimuth K, and
the latitude ¢, of the Inuncher.

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

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

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

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




e. Worksheet 1 (fig. 22).
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(1) Determination of basic data. 'The purpose of Worksheet 1,
which is applicable only after the coordinates of both firing
position and target have been transformed to the same UTM
zone, is to determine basie data which is used in subsequent.
computations. This consists of the geodetic Iatitude of the
launcher location, the geodetic azimuth of the target, and
the range angle.

(a) Lines 1, 2, 5, 6_.. Known data consisting of northing %
10-% and (easting—500,000) X 10-* of
lanuncher and target.

LA 8 oo cnne s Determination of dN.
LD Tossnsicnne Determination of dE,

() Both of these values (lines 3 and 7) are used in determin-
ing direction (grid bearing) (line 11) and grid distance
(lino 13). .

Lines 4, 8, 9. ... These values are used in subsequent
operations.

Note. Trigonometrie tables to be used will have tabulated datn
for angles In degreen and decimal fructions of a degree Instend of
degrees, minutes, and seconds.

(b) Line 14___.__.__ The value &, is the geodetic Intitude of
the foot of the perpendicular from the
launcher to the central meridian of the

zone,
=01~ (VII) qr, where q,=
0.000001E,..

¢1, is obtained from (he appropriate
TM 5-241-( ) series using N, as the
argument for entering the tables of
function (1) if the launcher is in the
Northern Hemisphere, If the launcher
is in the Southern Hemisphere, use (10,-
000,000~ Ny.) as the argument, Tnverse
interpolation is required.

Lines 15, 16, 17__ Tables (VII), (XV), and (XVI) of
appropriate volume IT of TM 5-241-
() series using the argument ¢1'_

) 7 | T Table (XVIII) is entered by using the
argument of avernge northing (line 4).
This table is located in the rear of the
techmnical manuals listed in puragraph
97¢, above,
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(2) The range of the missile is determined by using the precise
angular relationship between two points on the sea-level
surface of the earth with the vertex at the center of the earth.
The process of converting the UTM coordinates to the range

angle is as follows:

(a) Determine the scale factor K by solving the equation
K=k, [14+ (XVIII)¢*] where &,=.0006 is tho scale factor
at the central meridian. These computations are performed
on lines 19, 20, and 21. (Because of long distances, the ¢*
value in the above equation is replaced by an average ¢*

denoted by ¢2.)

t ] 2
¢=-———-i-———9‘+q‘3’+9’ (line 19)

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

"ector Table.
Line 98 . ..

Lilm b T

Line 26______ ...

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

The average northing minus the lati-
tude curvature correction provides the
argument for entering the Radius Vec-
tor Tables.

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

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

angle in degrees.

(3) The geodetic azimuth or Ky value is determined by using the
following procedure:

(d) Linall

Case I:tan t= g%

O )
Case 11: cot t+DE

(where t is the grid azimuth)
(T—t) correction due to curvature of
long azimuth lines.
(C) correction for angle between grid
north and true north.

dF

Determines the bearing angle on d_\'
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This value, when used with chart at bot-
tom of the page (note 1), determines
the grid azimuth of the target (line 35).

(e) (T'—1t) correction is applied by solving the equation
(7’—t)=L(Nr—N.) where 7’=projected geodetic azimuth
and Z=6S8756x10* (XVIII) (2E",+E’;). These com-
putations are performed on lines 9, 31, 32, and 33.

(/) Convergence (C) is applied by solving the equation
C=(XV)q—=(XVI)g. These computations nre per-
formed on lines 27, 28, 20, and 30.

Note. In this equation, g, must be consldered as positive only.

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

(4) Lines 38, 30, 40 solve the equation ¢p=¢ L~ (VII ¢r?).

d. Worksheet 2 (fig. 23).

(1) Section I is nsed to compute and tabulate the trigonometric
coefficients sin ¢y, sin 2 ¢y, €0S ¢, cos 2 &, sin K, cos Ky,
sin 2 Ky, cos 2 Ky, and certain of their products as listed on
the worksheet. It is also used to determine the force of
gravity at the launcher (lines 22, 25-29) and certain trigo-
nometric vilues which are used in the target azimuth equation
(lines 19-21, 30-32). The value of each hy on line 4 must
include the altitude of the target plus the height of burst of
the warhead above the target.

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

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

e. Worksheet 3 (fig. 24).

(1) Computations on worksheet 3 nre performed as follows:

(a) Step 1—From worksheets 1 and 2, record on lines 1 throngh
b the indicated values. Perform the computation indi-
cated on lines 6 through 8,

(b) Step 2—Enter the firing tables and locate the appropriate
Ry section. Record ull values of Ry(1) to Ry(12) on work-
sheet 3 in the appropriate blocks, 9 through 20,

(e) Step 3—Perform the indicated computation, lines 21
through 32 to determine values for R, and R..
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Figure 23. (CMHA) Ezample of worksheet 2,

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

Worksheet 4 (fig. 25). Computations on worksheet 4 ure per-

formed as follows:

(1) Step 1—Using the value R, (from worksheet 3) as the argu-
ment, enter the R section of the firing tables.

pr—
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Figure 2§. (CMHA) Eazample of worksheet 3.

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

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

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

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

'('6) Step 8—Cumulatively multiply column (1) by column (2)

and record the cumulative total in column (4).

(7) This value is compared to the Rs value. If the total in
column (4) is smaller than the Ry value, this column becomes
R, and t becomes t,. If larger, it becomes Ry and t becomes t.
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Figure 25. (CMIOA) Example of worksheot }.

100. (CMHA) Determination of Presetting Data

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

b. Worksheet 5 (fig. 26). Worksheet 5 is used to solve the formula
K=Ky+K(1) Sin ¢,+A(2) Sin 2¢, Sin Kr+A(3) Cos ¢ Cos
K+ K (4) Sin 2K+ K (5) Cos 2¢,, Sin 2K+ [[ (A (6) Sin ¢+ KA (7)
Cos &, Cos K'y] he+ [ (K (8) Cos ¢z Cos K] hehr X102+ [K (9) Sin ¢,
+K(10) Cos é1 Cos A7) hz] X107, The value of K is the aiming or
firing uzimuth that will be transmitted to the launcher. The differ-

N
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Figure 26, (CMHA) Erample of worksheet 5,



ence between Ky, the target azimuth, and K. the firing azimuth, is the
correction for rotation of the earth.
(1) Step 1—Transfer the value of Ky from WS 1 and record it
in the appropriate blocks under columns a and b.
(2) Step 2—Enter the firing tables, using arguments t, and t,
previously determined on worksheet 4, in the K section and
extract tabulated data for K(1), K(2), K(3), K(4), K(5),
K(6),K(7), K(8), K(9), and K(10).
(3) Step 3—Record firing table data in column (1).
(4) Step 4—Record data from worksheet 2 in appropriate blocks
of column (2).
(5) Step 5—Cumulatively multiply the items in column (1) by
those in column (2) and record the total produets in columns
aand b,

(6) Step 6—apply interpolation factor and determine value for
K. Convert K to degrees, minutes, and seconds.
e. Worksheet G (fig. 27).
(1) The purpose of worksheet 6 is to facilitate the solution of the
formulas given below.
(a) Chart L.
1. X=500 (1—Cos ¢ Cos ).
2. ¥=>500 (Sin ér+1).
3. Z=500 (Cos ¢, Sin L +1).
() Chart 11, E=£(1)+£(2) Cos ¢, Sin K.
(2) Chart I computations determine the alinement amplifier bias
settings NX. Y, and Z. These settings are necessary to offset

the effects of the earth’s rotation on the stable platform in the
X, Y, and Z axes,

(3) Chart TT is a procedure to determine the range accelerometer
elevation angle above the local horizon. The setting or E
value is rounded off to the nearest 0.1°. This is necessary be-
cause of setting limitations in the guidance equipment. The
difference (EK—E,) is applied as a correction to the parnme-
ters for velocity (Q) and displacement (S).

(4) Step 1—Complete Chart T.

(2) Line 1. Determine Sin valne of azimuth K (from work-
sheet 5).

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

(¢) Lines 3 and 4. Record trigonometrie coeflicients from
worksheet 2.

(d) Tines 5 throngh 0. Complete the indicated computations,
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MOOIFIED MLIM A THORIZED
(whee filled

Worksheet &
Ch'l 1
EARTH ROTATION BIAS
(1) |Sin K [wS 5) 0 99598 s
2) | Cos K (W5 5) e ___@.08%CO X
3 |ertromwsz | o.865%s s
(4) | (12) from WS 2 0. 50/04 H
{5) |500 - 500 (4) (2) X #78 ]
{6) 500 + 500 (3) Y 33 o
{7) 500 + 500 (4) (1) Z 750 Q9
{8) t4) (1) O, ¥9905 s
9 |02 0. 0¥+¥89 Il
Chart 11
i ;_ll < () (3) (&)'
‘From u'Ln. Table
sn 1 39 o4z
[N Z
b J9 /39 -~ W
3
o Lo =273 2| o0 9705 *
3
s L 738 = (8) Charty T 38 277
Total 38178/ 2| 3g2m7 *
(Fp -y * & F 0.093, *
4
AEXIF(WS 2)s{ AE)(F) 0 0280 -
E, & 178/ :
(& E) IF) »E, » E), J& 206/ .
E, (to nearest 0,1) = E 8 2 2
il
E-Ey - 0. 004/ -
(454 -El x10 = P 58 s

MOCFIED umm'amuv-om:w
(whes filled in)

Pigure 27. (CMUA) Eaeample of worksheet 6,

(5) Step 2—Complete Chart 11.

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

(5) Extract datn from Chart T (above), line 8 and record in
column (2).

(¢) Cumulatively multiply column (1) by column (2) and
determine total for columns (a) and (b). Complete indi-
cated computations.
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(d) Apply interpolation factor. Determine value for E..
(¢) Roundofl E to noarcst 0.1°: this value is used on worksheet
14
(#) Determine the difference (E—E,) and apply to worksheets
11 and 12.
(g) Determine the ealibration setting P for presetting E in
the missile.
d. Worksheet 7 (fg. 28).
(1) Worksheet 7 facilitates the solution of the formulas:
() A=A(1)+A(2) Cos ¢ Sin Kr.
(b)) B=B(1)+B(2) Cos ¢ Sin Ay.
(2) The value A is a correction applied to the presetting Q (ve-
locity). The value B is u correction applied to the presetting

CONFIDENT!

MODIFIED HANGLING r’rnomz(o A Worksheet 7
(1) (2) (3)
From Firing Table From WS 2 a
1
i B A % -8 4
1 O 4999« 5 2
A(2) | a -7 7 (15) - 71738
Z
Total - /735 -
1
A -7 4
(1) (2) (3)
From Firing Table From WS 2 a
: /////////// :
2(1) a ¥~ Foy
0 O 49974
B(2) a g7 = (15) 787 5 L
1
Total 98725 =
0
B g85 -
WIEOCN?‘NM AUTHORIZED
(when filled )
Figure 28. (CMHA) Exampie of workaheet 7.
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