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tBSTRACT

Impact dispersior. data, in tabular and
graphic form, are presented for 162 Aerobees,
78 Atneras, 115 Mike boosted rockets (Nike
Apache, Nike Hydac, Mike Apache Nicap, Nike
Cpz'ia, Nike Javelin) anc 249 AKCAS launched
froa White Sands Missile &Oage, Nev Mexico
or the Utah Launch Coiplex, Green River,Utah
during 1965-69. The mean miss for the
Aerobee launches is 9.6 stitute miles, for
the Athena 12.3, for all Ni.e configurations
12.1, and for the ARCAS 6.9.
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INTRODUCTION

The statistical scatter of the actual imnact noints about
the predicted impact point of an unguided rocket is the rocket's
impact dispersion.

The causes of rocket impact dispersion can be divided into
five (5) basic categories: 1) variations in atmospheric compon-
ents, 2) variations in rocket components, 3) rocket misalign-
ments, 4) launcher misalignments, and 5) factors which do not
vary but are not nrecisely evaluated or are unaccounted for.

Before an unguided rocket is flight-tested, a theoretical
dispersion study is usually verformed to determine an estimate
of its disoersion. This analysis can he made using a traject-
ory simulation program in a high-sveed computer. The best esti-
mates available of the perturbing factors can be put in the pro-
gram and the impact points can be compared with the nominal im-
pact point. 1hen this procedure is used, it is ordinarily as-

sned that the perturbing factors act independently.

This report presents the actual imoact dispersion of
Athena (2nd stage), Aerobee-150, ARCAS, and Nike-boosted rockets
fired at White Sands Missile Range, New Mexico (WSMR). No
attemot is made to isolate the various causes of dispersion.

The actual Impact points were taken from surveys when avail-
able. Elsewhere, radar or SOTIM* impact data were used.

A brief description of each rocket precedes the graphical
and tabular presentation of its impact dispersion.

This information should be helpful for range planning and
safety considerations.

* Sonic Observation of Trajectory and Impact of Mis&iles.
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ATHENA

The Athena is a multi-staged, fin-stabilized rocket fired
from a zero-length launcher at Green River, Utah to impact on
WSMR. The first two stages are unguided and require impact pre-
dictions. Since the second stage is most wind sensitive, its
impact dispersion is presented.

A meteorological real-time system (1-3) in which wind data
from the launch site are transmitted over covnercial data lines
to a high-speed computer at WSMR is used for these firings. The
computer reduces the wind data, avplies it to a trajectory
simulation (4), and selects launcher settings using iterative
techniques.

The peak altitude for the 2nd stage of the Athena is ap-
proximately 170 statute miles MSL and its nominal impact range
is approximately 455 statute miles.
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I.

AEROBEE -150

The Aerobee-150 is a slow acceleration, liquid propellant,
fin-stabilized rocket used to carry payloads from 150 to 500
pounds to altitudes from 75 to 190 miles MSL when launched at
WSMR (4,000 feet MSL). A solid propellant booster is used to
increase the rocket's exit velocity from a 150 foot tower.

The nominal rocket impact range is 50 statute miles, al-
though this may vary, depending on the wind situation and
project requirements.

The wind-weighting technique is used for Aerobee-150
impact predictions at WSMR. -
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ARCAS

The ARCAS is an end-burnint, slow acceleratlon, fin-
stabilized, meteorological rocket used to carry a 6.5 pound
payload to aoproxinatel," 45 niles MSL.

A gas-generator is used to increase the exit velocity of
the rocket from an 18 foot launch tube.

The nominal rocket _mpact range is approximately 35
statute miles at HSM.

The vind-weighting technique is used for ARCAS inpact
predictions at S".

1]
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.IKE - BOOSTED ROCKErs

The Nike-boosted rockets were combined in this analysis
since they all showed similar impact dispersion characteristics.

Each Nike-boosted rocket utilizes a Nike .M-5 booster
which gives the second stage an initial impulse so that it
coasts to an altitude of fron 35,000 to 50,000 feet .ISL prior
to second-stage ignition.

the second-stage zoLcrs are, in order of higher perfor-
mance: Hydac, Javelin, Apache, and Cajun.

The Nike-Hydac carries a 220 pound payload to approxi-
natelv 135 miles .4SL; the .ike-2avelin carries a 150 pound
payload to approximately 120 niles .4SL; the Nike-Apache carries
a 70 oound pay7Ioad to approximately 135 miles MSL; and the
Nike-Cajun carries a 70 pound payload to approximately
95 miles "SL.

Although all Nike-boosted rockets were combined for the
overall dispersion analvsis, a table showing impact data for
the individual f:cirngs follo's the dlsversion analysis.

The nominal iopact range for Nike-boosted rockets at
SlR varies from 50 to 70 statute miles.

I The wind-weighting technique is used for impact predic-

tions of Nike-boosted rockets fired at Ws%.R.

15



99:

W4 =0 4

1- 39 -4

o - F,141

'0 a wC

0 -l 14

9.4 u

-4 4 U-

"- " 04 1 -4 -O

4

164



00

hi 0
0-

gu VI
0 3 ga 0 -

02 U

A

o ~ ~ - ul F l-4 - 4C

U) Vi 0 - (S a
D3 m3 N

0 -44

1-4 -
z U) 1' 4 -

U) >- VI
1- 0 0 bd

04 m) H -4 10 1.
2i 1S-4 A G i

Ai x

124 w0 In

.- 41

2U) '-4 W Dhi
U) -- h

1:. cn 6-4 0a (A

En 04 0 0 -
2~~~~0 "4 "4 "4 4 (4

h0 1 41 4
U)~~~~ u- VI 0u- n -

0 j
44 441

_ _ _ r4 - k

,4U 0 00 -
f-~~ a. 0 a z 0- 4-

z w lE- LM V-4
hi 6- ~ 6- -4 C 00 C: N

4 '4 - -4*4

V-4 0% 0% ON

20~

oD co Sn .- ..
%0~O- %0 %Vw r

0% 0%ON4D
r-4 11 41r--4

17



U

C .4 -4 L ; V-4 C 4 -e o %
inn

41.

OD 0% - ocE 0 0o c0

P * o '0 -4 0 'A at (7% N 1 0 '0
a-S- a:4 %.-4:6 6 : 6 :

% 4 V4in g Eli in in el gn Z4 Z ) In'a 0. S% r., 0-I '0 -4 N

F4

6~i 0 0 w4 t- M I ~ 1- ' 0 N

%Cf 0 0 0 0 i-I 0~4 -4 N 0 0 0
r4 r -4 -41 W- P-4.r

W m 0cc 0 0 01 0 0% 0) 0 0

C4 0% an Go0 0 0 0 0 0% 0 0

~~I 06 N a-I IA I 0 'InA A N I'0 .i. % 5% 0 0 IA .-I a-I -4 V) 0% -t

.0 0 .0 1.) J. 0 !2 'A 'D i Uj .0 .0 Eha) V S 13 60 z %D z CI z VS n ZL

- N00% a A 0) -4 01 C4 0n CV) -t M- en C) 0D P

4V -4 > 4 0 N -

iz 0 z
>4 -I ~ a4A E -' 4 < a I -c

- t18



0 0

-4 a4 -4

,Z~- -4(' (4 .-4 f" .4 4 '
44

u z 91 U w b:

U) Cfl (f Jc tl (1 U) U) E) z (12
%9> ' %D t, 9.- an 1-4 0' % - .4 -

('4 - -* (n %n T V -4 in en on iLn

40

u 9z) 04 (L w. -4 -4 w- , 0 w- a:

co Go C0 OD a 0 OD OD o Go en D
913- 4 -4 -4 r4 .-4 4-4 r4 V4 - 4 r4 -
I-

w fn U) U) w U) U) U) ul U) ;
91. 0o U, 0% en Go 0' O0 0 V%~ Go OD

I % - 0 - 0 0 % 7 OatD0

en , 0 U)
U en InJ. in 0 0 r4-4 - 0 04 U, ,

* '0 .- -T 1-4 '0 r- co .- ' 0 ' an -S
0 - - -4

-44 - 0 0 tc 0

P4z

4 PI %a in 0 09 %D FI 04 0T ON- 0
10-704 4 eq Nn-0 (4 ~ 0

1-'~ I - - -4 H0 ~ - -4 - ' -

H 1-4 -4 - 4 4 0 0 0 0

T 1- 4 W) - - T A -4 40 '-40 r-4 0% J -.740%
('4 -4- -4 ('r4 -4 4 V) 4 P1T "4- q%

0)OD 40% W 4)- v.40 '4Z C4 . -4U en ) , -4-7L 4%0 a)~ -4

U) w 0% 41 cn wo W u 0 Wo 0 0W
06 40 010 m0 -41mrI - H1' m' 14 Il -4 m 4 m 41 ( .N-4

to~ CI20 U2n W. ~ cfl0 U) w U)w n V U)~ Cfl Un V4 ~ w

19



0 0
W ,4 'v4
*41 4.0

V) -4 Go m~ u ls in 0% "-4 0' 0'. 17 LM %0 u

z), * 0: * .

U4 v.4 1 . '-4 '.4 14.44

%D Go 9- o %0 mu 0 4

"U Ca) i %D V-1 In -40;1
*. 1- ~ 0 4 C4I -1 -4 v-4 C4 C4 0-

w) U) a) C U) I,) 6r U) cn W o fn z z
on Va (4 '.4 0% ("1 0 (Sd 0 0 0 kA en

40 v-4 0- V4 W4 9-4 v-1 r- V4 Cd %-0(S

t 4 eq -4 V4 94 V-4 P4 14 IA ' fs C

14J

G5 o O 00 cn CO Go O 11 O 0) 'A OD IA

0: v-I v. : '. 4 v-I 0: '.4 a:4 14 0:

'w 0 * C* w %n n % 0

m 0 04 In 0S 0% in 0 'n n 0 0 %
F4d 4I "4 r4 P4 -4 P4 f-I .4 -4 r4 ' r41 '0

436 0 0 0 0 0' L's Gos wo to cc
U~~ U) .Jo U) CO C o C gI n r's zn xna..a

4'4 C4 OtC4 W )'%0 c

'.44

CN '. r 4 .4 '4 0 04 C4 C4 C4) N- '

"44 '4 '.4 -a .4 '.4 '.%D r4 t- 4 ' 0 P4 Ch r4 -4 ' 4 v.4 v-I v.
4 

v

H oz ozt0 0. 0 0. 0. 0. 0. az dz 0. 0.C $'

z o9 -4 H 0) 0- (m 4 0rI (-1 > >
MH 1% V-1 96V1 qa PV-4 0. H40 4ar- H -

'.4IA 'n4ad w ad'w44 to al ) ad4 w4 ad (A ad A W " ('4 V) W V

200



0 0

U) -4 1-4 P". 00 O% -4 %D U 11 C% 00 04 V 00 0~fn"4 C C *
-d 8^ 1'. -4 en ':C 1 %0 r'- -4 - r z Ch 0; 4

r-I -4 -4 N cn -4d 4"

4.,
ua wa :3 3 : a

c4 L4 'A c -1 0 C 4 0; 0 rZ a; w*A 4 0 in
14 -4 --1 -4 Nl -4 -4-4 4

wz z z z z z z z z z z z
V -I 0' N Ci e! 9O -t N. C 0 0' 0

0 wO wO N. C'1 1-4 'A tn N. Ln r4 N. N4 OD o
N 4 %V r. in 4 0% %D 40 rl %D V0-4 co N. 4

to r 4 C
-4

z z z z * z z z z z z z
N. ~~~0 0l 0 rC-' N - O N -

0 0 0 0 0% 0% 0' % ~ 0 0% co -4 V; 04 0
40 %D N. N. 'A th %0 %D %D 'A P0 4 . P. 40 kA

1-CO

00 0 4 0 -tC4C CO -4 It IT r-4 00

r-4 -T o I' 0 fn n -4 1-4 CV 4D N 'A
F-4 ~ ~ V- ,-94 4 r-I t-4 0 0 v-4 0 0 0 - 0-4r

$4 $I w0 9: r. 0 00 w CIt

cz 0% v-I v-I Nl N4 -S N r- M CO0 vI H- V-4 V-4 r-4

04 N N1 H C4 N

-H 4T 'A %0 N* cn
w 0 . O 01% 0 r-4 N1 I-a I. It N4 N4 N N4 N

N Nq N4 N4 mV m' n 41 Ai cn I I I I I

0n 0) 0) 0n 0 0n 0n 0 0n 40 4 0 0

H ~ S ~ ' 40 Cod 402 409 9
En ) V U) fn En AUC A4 4 w I

%00

21



W-4 0 00 ' cl M -4 Q% -2 Ln eq Nl -:r -4 OD
i4 - a n -2 t- 0% OD C4 0v Ct 0 (c'

-4 4 -4 C4 4 -4 14

0 0l 0% 0 '

IT C4 OD c; .0 w-4 -t 0 0c;00 C
en.4 4r4 ( -4 .4 Nq w4 4N

tim

U3 rn Zo Z~ Z an an U) cn U. zn U) cn co
z 0' %'0 C 0l r. cn %D P4 in r- 0 an

C4 'n .4 an an r- %0 11 e- n ..0 %D -' T

9- ' ~ - '4 -4 .4 -4 ai :t U3 ga N

CL Ct Ct ' 0 0 0 0 ei0 '

at N 0' 04 0' 0' 0 ' 0 0 0; '0 0'
C4 in In %o %o 11 -:T .t -2 fn C-1

40

4 Ln an an fnLCO 
n ' ' r

.4
z

0n *t C-4 0 0n 04-T -
.4 In -0 0' t 0 0% -4 r-4 C 0 ('0 ul CT %0 OD

F 4 0 '14 0 t-4 .4 9. 9-4 -4 -4 P-4 -4 I

00 0 0 0 a. 0. a. > >. >. ~
0 V 41 4) 41 0 0 0 0 0 0

.w. < 4~ tn n 0 ) 0 0 z z z 2

en 6n 0 0% ON OD in C1 N4 O 0 0 0o c
v4 ('0 C4 a- -I -4 r4 .4 4

P4 m4 1.4 p4i . 4. 4 .
).4 H4 1-.4 -4 1-4 4 64

r' 4 ain %D Pt' -4 r-f n r4 %D r- , -4 . 0 r4 C-a -40 a-4.4I
*.JO C-1i en0 m' ('0 ar Cn(f P-4 M -4C'M .- ' M ~ r-I'M P-4 t P-4 I

to fn'00 w uj Z, C- qj6 Z~ toZ Z cZ En Cc2 z~ rdz c
0 .02 z ~ 1% < 0 0z. n. cn 0.Ocn e . 0 .0 w.O0 w.O0

03 VV Zf V) U) V 0 n Vu Vu Vu Vu C 0% Vu V v
.4 41 P4 4) 410' WO W4I U W" C41' a)t 41ua1

W r% * > 0. OD WOO480 W 10' W 0 0 4 0 . @10% W 0% @10%
moo0 14 E. C 00 0.0 0.0 0.0 0. 0 9-4 m.0 m. 0.a0

CA 1% ca P -4 0n U )lz r d U 94 vi 1% K) e Q~ a-f cnI E d nW

22



C4 - 4 *1 C

M.8 3 c U3 m~ :3 :3t 3c :t 3
0* 0! -. ! V!- 0! 0 33 : :3!

- I-. W% 0) in in m 0 elan4 l

n Ci 0 ci N l 0% C N 0 0 0 n 0 0
I 0 N m~ r4 0% N4 e 0 -4 C4 in 0% .4 4

N4 0% %0 %0 OD wl 0 r r- O0 -7 $O0 c 0 -T at

C4 Nn ell Nn cn 0- (1) ev~N~ N

01 zz zZ Z Z Z Z Z z Z Z2Z

S0 0% 0% (f 0 0% 0% 0% 0% %0 e-n 4 %a 0 0
N%0'0 0 1 0 %.0 %0 '0 %0 '4v '0 t. %0 Vn

~%0 A

M~ 0% 0q IA 0 0 0 0 0 0 0 C4c~'4 '40 co. 0% 0 % 0 w %4 . 0 tn0 0% r- ' 4 ' nt'

cc' 0

N -1 in Sn 0 r- -T IAN . -T

"I cn% 0 %0 i %D P

0 1 N0 co -0 %. 0 %D f I 0 '
>- >% > >% I I >% '4 -*

HO 0 -0 -0 04 % A Ln H

0 r%0

f 23



0.-4~~4 4 ( . ' 0 0 - 0 0 .7 -2 an . P

-4' CM -4 m4 -' P 4 M~@ 0 '

C4 .4 -4 04 -4-E @

63 3 3c ot w
*m W% 0r 0t 0p V -1 04 @4 ' .0@ .

-At. @4 4 -4- 4 -4 4 @49 C

ad 22 2 2 2 2 2 Z z z Z z Z z'0 r, Ok '0 a4 a*4 NO % a, a- at a- 4
z .; z c. z . .cz C. ; .0 : c

C14 '40 -0 %0 No NO P. P. % 10 ho AD %a -0 0 "a U)

en 11 'ho r f # -4 v4 @-4 @4 C.% @% m4 4' en

% I h4 ^I P. 0 04 0 0I 4 Oh4 04 Oh4 C4 Oh Oh Oh

O~~4 en %n' 0. an 04 en00 U 0 4' 4' 1. .
re 4." 4' '0 P. -4 -a .4 -4 -6 m4 C. C4 -T~ 4. t4

0 '0 C.- 4 " @ 4 @ 4 4. @4 4 4 @4 @4 @4 @4 @

-14j

10 000 0A~ toh . 0 0 a4 0 A3 O 0 0 z z Oh0

0410 0 4 0f C4 9-4 04 - 0 04 0 (4 0 0- 0

in 0

'04 CA' C'.
0 w4
Go 0% r00 O 4 @4 Oh 0n -41 -

.3 In R V%) %C '0 %0 > > -a 3 > -a a3

14 U) U) U) 0 U, W, U) Ell U, U, U, U,

>, c - - :,

24



%o 4w %0 -, z 0 4v - c .0 c

4! n 4! * i - r* .4 a-

tm r-. -4 4 W :c
10 'AD in an a 4 4 0 'AD 10 I-

a-4

U3 33 m 3 33 3c m 3 m 9 m
i tl "! 14! 14! A! 1!.0 .

C- 4 0 .i -S - -w -

.W0 0% on onl d .0 o o
-a Al c2 .0 a0 a0 .D u~ 'D a ~ 4 . - 4 .

0. 4

.4 4

10 0 93 4 . ' 4 . 4 '

C0 CM C- W% -
C14 00 4 CM CI -6 C-4 t 4 C1 C4 CM CM

4 0 -4 -4-4

%0 ~ 10 0 (m .4c af 0 . 5 S . t

US I II I 1 0 v .) U V u U
0-4 0 0 C 0 0 2 .- .- .- .- .- .- 0-4 -

>44

25



at

2:--

a 0 C-4

'D 5 0 '- 12V 0 OD

63 zz z

Ez

o A z

04 1 o , c 0.

to 00
z0 Z

Da 0 0

-4 26



seconty cleasficao.

DOCUIMENT CONTROL DATA - R & D
fSecaotp. es"Ief feore r$210. bow of 866f~cr a". &Ad.Su& Amtstftft =War 60 6000"d Ae *. AN* o .wu pweto 1.CS00048

I OSWIMAT|IN ACTIVITY (Compme.0mi.0 u|s. *ZPOIT SCCURITY CLASP0ICAO

U. S. Army Electronics Coand / UNCLASSIFIED

Ft. Monmouth, New Jerseyj 6*OD

3 RIPONT TITLE

METEOROLOGICAL DATA REPORT, U;GUIDED ?OCKET IMPACT DISPERSION

DR-454 AT ISHITE SANDS MISSILE RANGE, NEW MEXICO

* DE[SCRIPT#IEmog (OTpS .1r fri mE jmgwl ej

S AIJY9oSISI (PAM#, 6 . A .;d WOL seat i..

Gordon L. Dunaway and .arjorie McLardie Holdale

0 0EPOOT OATE 7A_ TOTAL "h OF PAGS J.|k NO. O REpS

Septetber 1969 I 4
GA. CONTR&CT ON GNAN6 1O Be. ORIGINATOrS REPONT NftUW"gR

DR-454
h. PROJECT MO.

DA Task 1T665702D127-02 ,.. o-Mcm NPOm0 ( uo S ).*WtAm &MOW be efe

d. IS f

3. OST9ISUTOft STATIf.IINT

This document is subject to special export controls and each transmittal to foreign
governments or foreign nationals =ay be made only with prior approval of Atmospheric
Scienccs Office, White Sands Missixe Range, New Mexico.

II. SUPPLErM6NTARY NOTES 12. SPONdSORING &ILITARY ACTIVITY

U. S. Army Electronics Comand
Atmospheric Sciences Office

__ite Sands Missile Range, New Mexico

13 ASSTUACT

Impact dispersion data, in tabular and

graphic form, are presented for 182 Aerobees,
78 Athenas, 115 Nike-boosted rockets (Nike

Apache, Nike Hydac, Nike Apache Nicap, Nike

Cajun, Nike Javelin) and 249 ARCAS launched

from White Sands Missile Range, New Mexico or

the Utah Launch Complex, Green River, Utah
during 1965-69. The mean miss for the

Aerobee launches is 9.6 statute miles, for

the Athena 12.3, for all Nike configurations

12.1, and for the ARCAS 6.9.

DD , 1473 PI~L[AC:0 Of0 147..1 JAN 64. W"ICM CS ED D I v NOV oeel, 4 7 3 O8 OL T1 FOR YU 9. UN4CLASSIFIED
seurit CI3o62lftcaws-



4LINE A LINK 0 LINK C

MOLC SIT 006LE WT QOLC wT

1. Unguided Rockets

2. Rocket dispersion

3. Athena

4. Aerobee-150

5. ARCAS

6. Nike-boosted Rockets

UJNCLASSIFIED ~ -

Uoe11t7 Clemelftcatloa


