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" PREFACE

The information presented in this Méﬁor!ndﬁm‘was prepared origis
hally ag an aid in a study of low-aliitudée defense againstbﬁallistic
Vmissiles for the Advanéed Research Projects Agency. This compilation'
of data is being published because of its general uééfulnéss in both :

defense studies and‘BaLlfé;icemissiLe design.: . -

" SUMMARY .

Basiec trajectory data during re-entry are preseunted for a series
of re-entry vehicles with ballistic coefficients ranging from 300 to
3000 1b/sq ft, .Re-entry flight-path angles were varied from 10 to
60 dég, with re-entry velocities corresponding to a nominal ballistic
range of 5500 n mi, 1In addition to the usual trajéétory parameters,
a number of other variabléS‘pért;cularly'useful in studies ofilow-

altitude interception systems are presented,
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I, INTRODUCTION
In the course of design studies on the subjedt of low-altitude
“widéfense against ballistic missiles, it has become.épparent that a
wompilation of detailed, accurate information on the re-entry tra- ' :
j#cgeetories of the target would be very useful, These data’ are of
aszassistanee in estimating interception 1oci% commitment. ioci, miss
di.,¢ddisbance, etc, Because of the nature of tﬁeuprohiem, the information
*z s required for low altitudes where agproximanawnésdIts are invalid,
~rrland for ranges of variables for which‘very little’information has been
published{ Unfortunatelyb the‘number of variables of interest, as
well as the number of 1ndependent parameters, is quite large, leading

*% o an unwieldy volume of &Bta if alh conceivable cases of 1nterest

. "

crzare covered, C ;{

Several attempts werb made tOrreduce the number of varxables by
plotting the data 1n‘the‘parametr1e forms suggested by the approximate
theories. None of these we%e'sucbessful, either Secause the paramet-
ric forms were too eomplﬁcated to be of use, or because the exact re-
sults were not correlated well enough by the appLoximate theoretical
‘parameters, Consequently, it waq necesSary to limit the ranges of

. Ly . WS :
arvariables to those values 'of immediate interest to current defense

h :
a 1

studies.

The graphs presented in ths Memorandum «cover only those combi-
" nations of re-entry velocity and re-entry angle that correspond to
a ballistic missile with a nominal range of 5500 n mi, the re-entry
conditions being specified at an altitude of 400,000 ft, The re-entry »
vehicle itself is chardcterized by the ballistic coefficient, which |

has been varied over a range of values that is typical for most

“ . present and planned re-entry vehicle designs,

The data have been presented in as sxmple and straightforward a . :
graphical form as possible, in order to allow direct reading of most
variables and to reduce the labor of cross-plotein35 interpolating,

‘ete. Due to the wide variations in some of the variables, it was

impossible to maintain ieenticalnscaleé on all of the graphs and still
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' provide accurate, readable results,

warned against maklng visual comparisons of ‘one chart. with another
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Because’ of this, ‘the reader is °

:_without carefully consulting the scales.

II. METHOD OF ANALYSIS

The calculations of the re-entry trajectories were made with a

digital- computer program that sxmulatts mathematically the motion of
a body {considered to be a point mass) about the earth For the
present purposes, the earth was considered to be nonrotating and

spherical, with a radius of 3440 n mi, The 1959 ARDC Model Atmosphere

- . . *
was used to provide atmospheric properties,

- Calculations for all of the re-entry trajectories were begun at

an altitude of 400,000 ft, since this altitude was well above that

for the appearance of éppreciable aerodynamic forces for the types

of re-entry vehicles considered here,

The re-entry angle (measured

from the local horizontal) at 400,000 ft was chosen arbitrarily over

a range of angles- from 10 to 60 deg,

The corresponding re-entry velo-

cities were then determined from the basic aquations for vacuum bal-

listic trajectories, These values are meant to be representative,

not precise,

the trajectory during the boost

slightly dxffetent for each ICBM design,

recise velocities would depend upon the details of
t phase of flight, and thus would be

entry aogles and re-entry velocities were used in this study;,-

. Re-entry

Angle (deg)

10
20
30
40
50
60

« ¢ o s o o
Ao.'o _o e o
“C L L 2 * »

. » . - <
e e e w @

s e & &

*Minzner R, A,, K,8,W, Champion, and H, L. Pond, The ARDC Model
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Re-entry .
Velocity (ft/sec)

24,300
23,900
24,000
25,200

- 27,300

31,600

The following pairs of re-

"Atmospherxe . 1959 Air Force Cambridge Research Center AFCRC-TR-S9—

267, August 19‘9.
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The physical characteristics of the re-entry vehicle are repre-
sented by the ballistic coefficient, which is defined as the ratio
of the weight of the re~entry body to the product of its hypersonic
drag coefficient and its frontal area (W/CDA). Since the re-entry
body is assumed to be a point mass in the present calculations, and
since lift forces are assumed to be zZero, no other characteristiés

need be specified. A sevies of ballistic coeﬁficients‘has been chosen

‘for the present compilation, varying‘fromraﬂﬂfté 3000 it/sq ft, The.

specific values of ballistic coefficient weve chosen in uniform in-

crements of 500 1b/sq ft, ranging from 500 to 3000 1b/sq ft, with

_ two extra values being selected at 300 and 800 lb/sq ft in order to

cover adequately the lower end of the range.v

IXE, PRESENTATION OF DATA

ti »
. 3

Detailed graphs of the important variables are presented im the
Appendix for the complete series of re-entry trajectories,

The wide variacion‘in the shapes of the re-entry trajectories is
shown in Figs., 1 through 6, wﬁere‘ground range is plotted against
altitude for all of‘thé cases considered, Even more important for

the present application are the differences in time required for the

.desceut. The time to impact is shown as a function of altitude for

some selected values of re- entry flight-path angle and ballistic co-
efficient in Fig. 7.

The deceleratlon characteristics of the re-entry vehiéle may

‘have an important influence upon the design of the guidance and

. maneuvering equipment for a low-~altitude interception system, and

upon the method used for a kill mechanism, Profiles of the axial

"acceleration (i.e,, the drag deceleration} as a function of altitude

are shown in Figs, 8 through 13 for all of the re-entry trajectories,
and the altitude for waximum deceleration is présented in Fig, 14 as
a function of ballistic coefficient and re-entry angle,

The location of .the interception point of the incoming re-entry

. vehicle can be defined by specifying the sliortest acceptable slant

range from the point of impact, With this glant,fange éstablished,
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the performance of the interceptor vehicle will determine the time

of flight from launch (or commitment) of the interceptor until inter-’

© ception of the re-entry body, If the slant range at intercepﬁion

and the interceptor time of fligh; are specified arbitrarily, then
“the position of the re-entry vehicle at the time of launch of the
interceptor can be determlned for the various re-entry trajectories,
The locus of these positions for a given re-entry vehicle and given
interception parameters has been called the commitment locus. Some
examples ¢f commitment loci for a re-entry vehiele with a ballistic .
coefficient of 1000 lb/sq ft are shown in Fig. 15. Other commi.tment

loci for different values of the governing parameters can be generated

" quite easily from the data presented in the Appendix,

Interpolation for other values of ballistic coefficient should

prove to be relatively easy from the data presented in this Memoranduin, "~

since the range of values and the increments used have been selected

with this in mind. Interpolation or cross-plotting for intermediate

. values of the re-entry angle is also rather easily accomplished, but

it must be remembered that the re-entry velocity varies with re-entry

angle as shown in the texzt on page 1 g0 as to keep the nominal totsl

range equal to 5500 n mi, In other words, re-entry angle and veloci:y
cannot be varied independently with the data presented here.
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APPENDIX

'

»

R ‘ :
'etaxled :gifaphs of the re~entry traJthQ ry data

' alt,fpdes are presented in Figs. A-1 through A-48, !
perﬁant trajcctory parameters are plotted on each fig
‘of the;tlme to impact; these are "

. 'Altitude (h)

Range to impact (R)

;Veloclty )

?lyght-path angle (y)

Axmal acceleration (a)

Slant range to lmpact (SR)
T 2?7. Elevatlon angle from the impact point {e)
Thelscale for altitude is the same on ‘all figur

to 1 20 000 ft, For all cther variables, the scales
adequate

Tl

mndivmd"a1ly fox each figure so as to cover
of }ﬂteFESF‘WltP the greatest possible accuracy,
exception to this is in the case of the flight-path
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