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) . EOBEWORﬁ; (U)

s) MIS-21-65 presents the resu.lts of an engineering analysis
of the GOA missile and transporter. Photogfaphé of the missile and
transporter as they appeared for the first time in the November 1964
Moscow Parade, and scallngs from the photogrdphs, were the basis
for the a.na.ly51s A
- S) This study was prepared by the D1rect%ra_te of Missile
J.ntelhgence, U.S. Army Missile Command, Redstone Arsenal,
Alabama with suppo1jt from the Research and Development Director-
ate,~U.S. ‘Army Missile Command, and-the U.S. Army Fore1gn

‘Sc1ence and Technology Center, Washlngton, D, C. .~ -

(U). Comments or queries relat1ng to th1s report should be ad-_
dressed to the Commanding General, U, S. Army Missile Gommand,
" Redstone, Arsenal, Alabama, ATTN: AMSMI Y.
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(S) INTRODUCTION (U)

(S). The Soviets have developed.and deployed a low altitude
surface-to-air defensive missile designated by the intelligence com-
munity as-the GOA. This missile was first displayed in the NovembeTr
1964 Moscow Parade (Figure 1). The missile is dual mounted on a
modified ZIL-157 truck.. The transporter/loader vehicle appears
equipped with missile .checkout equipment and the necessary mechanisms
for missile off-loading onto the launchers. 'This eng1neer1n$ analysis,
based upon photographic evidence and photographic 1nterpretat10n, de -
fines the configuration, performance and operahng, ChdrdCtel‘lSllLb of

the GO? missile.

(S) The ‘Soviets have deployed the SA-3 missile System (usln;_,
the GOA missgle) to over 100 sites within the Soviet Union (Figures 2,
3, and 4). Although system developrnent was underway in 1959 at the
bKapustln Yar Missile Test Range, the missile was not shown until the
7 November 1964 Moscow Parade. The system fire: control radar, ‘
designated LOW BLOW, has not been seen in detail; . nor has a definite
ELINT signal been associated with this’ equipment. A generalized:
- engineering’ analy51s of the twd probable guidance schemes can, how-

ever, be made on the hasis of available information.
- - N .

- SECRET




SECRET

F PROBABLE
GUIDANCE
AREA
(REVETTED)

JETYURTrI I S
oariawmnia p o 0009 S

%‘\{

U/1 BUILDINGS

it
HOLD AREA -
) S o
OBJECT

REVETMENT

— NOTE — .
DIMENSIONS TO 5%ORZIOFT.
WHICHEVER 1S GREATER

|?o [¢] l?0 e HARDSTAND

FEET

6-8919 (5/62)

(S) $A-3 Site Configuration. (U)

>

'SECRET




(D) omg €~y Jo ydeadoloyd. (NYOAON-S). ‘¢ _,.H_iz

-
w
o
9,
w
n

'

s . .




(s) “¥ssn ut juawkofdoqq weIsks ¢-vs. (5) “p 2anBry

=
¥}
(-4
RS
Ll
v




.

o

- SECRET

(S)) SUMMARY (U) _ . N

(S) The GOA surface-to-air missile is a tandem-configured,
two-stage vehicle using solid propellant motors in both'stages. The
missile launch weight is estimated to be about 2050 pounds. The most
probable warhead is high explosive with directional fragmentation and
weighs about 175 pounds. : ' '

(S) Two GOA missilés are mounted on a dual-rail launcher which
is probably trainable in both azimuth and elevation.

(S) The missile has a maximum slant-range capability of about
12 nm, and a maximum altitude capability of about 35, 000 feet (based
on a 2 g maneuver limitation at this altitude).  The system minimum
altitude capability is unknown, but is not dependent upon missile limi-
tations (beyond missile control dead zone). - N -

5
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TABLE 1. (S} SUMMARY OF GOA MISSILE CHARACTERISTICS.  (U) .

Sustainer and
Characteristics

Length 19,234

Diameter ‘ . -

w

Empty we'igbht . 1273 1b

- Propellant weight 777 1b
" Launch weight 2050 1b
Warhead weight

Propellant type
g thrust'(s{ea level)
Specific irﬁpﬁlse‘ .

Burning time ; -

‘Maximum veléc‘ity Mach 1.65-1.7
Maximum effective T -
maneuvering altitudé
{approximately 2g's)

Booster .

Sustainer

12,42 ft

15.2 in

810 b -
26016
f 1076 1b
175 Ib'HE Frag
Double base solid
3475 1b
214 lb-vséclllb

16 sec .(éverage)

"Mach 2.5

35,000 ft

6,81 1t
21.‘Zin
463 1b
517 1b

980 1b .

Double base solid

30,500 1b

214 1b-sec/lb

3.0:4.3 sec

Maximum cifective range - “12 nm (approximate)
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1II.  (S) CONCLUSIONS (U)

(S)" A summary of the GOA missile characteristics is presented
in Table 1. The following conclusions are derxv,ed from the contents
of ‘this report. - g
A. (S) Propulsion (U)

) |

1. (S). ﬁ)ster (U)

(S)  Booster propulsion is provicied by a solid propel- ‘

. lant rolcket motor probably using an extruded double-base solid pro- -

pellant similar to that used in the SA- 2 booster. This motor would
provide an average thrust of approximately 30, 500 pounds with a burn-’
time between 3 and 4.3 seconds ‘depending on nozzle plug adjustment
for ambient temperature. The total impulse is sufficient to boost the
missile to about Mach 1.65-1.70 at booster burnout®. The nozzle plug
is manually adjusted prior to launch to partially compensate@for vagia-
tions in the propellant grain temperaturc and to maintain the thrust
level withi}) acceptable limits.
r

2. (S) Sustainer J(U)
* (S) The sustdlner dlbO has a bOlId propellant Il'ocket . :
motor which provides an estimated 3500 pounds.thrust for an averapge
16 seconds burntime. The propellant is estimated to be the same as
that used in the booster, i.e.; an extruded, double-base type. An
adjustable plug is also used in the sustainer nozzle to compensate for
variation in propellant grain temperatures. Maximum sustainer burn-
out velocity has been calculated to be about Mach 2. 5.

B. S) '.Aérodynax‘ni‘cs (V)

(S) Aprodynamlc control of the GOA missile is provided by
four canard control fins near the nose of thé sustainer. Fixed swept-
back cruciform fins at the rcar of the sustainer, and fold-out, Straight
wing, cruciform fins on the bQObL(‘I‘ provxde stabilization.  Aileron '
surfaces on one pair of sustainer stabilizer fins provide roll control.
The tapered forward scction of the sustainer Lody and the boat-tailed
booster reduce form and base drag. This detailed attention to drag

“reduction is necessary to performance in a low altitude mission. All

control surfaces are in-line and oriented at.an anglé of 45 deprees with

.respect to the pitch and yaw,planes. The missile is probably flown in

this samme relative position to obtain maximum advantage of the control.
surfaces. ) . I .
7
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C. (S) Electronics. (U)

(S) The identical probable antennas, apparently ‘polyrod. -
ype, on each of the sustainer stabilizer fin tips could be used in either
command or a.beam rider gu1dance system. Antennas could be lo-
ated in the top tunnel over the warhead section or in the open spaces
f the rod-like tunnels on the sides of the sustainer: Present infor-
ation is inconclusive to determ1ne the existence of a.ntennas in elther
cation.

-D. (S) " Performance '(U)
(S) -Structural design limitations on maneuver capabilities

annot be:determined with a high degree of confidénce from presently
vailable information. ‘A maneuver capability limitation of.8 g's ap-

lears réasonable and has been used in®his study to define the maximum

apab111t1es.‘ The maximum altitude capability of about .35, 000 feet has
een based on a minimum 2 g maneuver capab111ty at this altitude and
re maximum slant range capability of about 12 nm was computed for
esidual velocities and maneuver capabilities.of Mach 1.3 and 2 g, .
espectively. Minimum altitude intercept capability, unknown at this -

ime, is dependént primarily on the ground based. electronics and siting

onditions. .The missile configuration and characteristics do not limit
1e system low-altitude capabilities (beyond the missile control dead
one). -

E. (S) AWarhéac.i (U)

S) Avallable space and configuration of the warhead section,
nd we1ght and balance estimates, are consistent with a high explosive,
rectional frdgmentatlon warhead we1gh1ng dpprox1mately 175 pounds.

F. - (S) Transporter (U)

(S) The GOA m1551,1e transporter utilizes the LIL 157

tjuck as the basic vehicle. Two missiles are secured to individual

s

wpport beams which are probably utilized to load the m1sa1le onto a

launcher rail.s A fixed tubular rack, separate from the missile- sup-

p

ort beams, provides ready dccess to the missile and loading mecha-

nism for missile malntendnce, preliminary. checkout, ‘and for trans- -
.loadlng Operanons

8
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DISCUSSION -(U)

°

A, (S) Genera‘l (U) -

1. - (S) Dimensions of the GOA missile and transporter .
are shown in Figures 5 and 6. ,Some dimensions will probably be
refined at a later date. Minor dimensional refinements will-not ef-
fect the over=-all estimated characteristics and p(,rformdnce capabili-
‘ties of the missile.

2. (S) Photography Uf t.he missile does not rcvedl access
hatches or doors, but external condults, protuberances and actuator
rods are apparent which sugges@hc locations of various missile com
ponents (Figure 7).

B. (S) Propulsion Systems' (U)

1. (8) Booster (U)_o
(S) Boost velocity is achieyved using a solid prul.)c.{ldllt
rotket motor. . : : K . S o

a. -(S) The solid propellant is probdbly an extruded’
double-base type identical to_the SA-2 booster propellant. . Eight pro-
pellant sticks’ of this type. can be arrdnéed symmetrically in the motor
case (Figure 8).. The SA-2 booster propellant characteristics are R
similar to a U.S. double-base propellant designated for JATO use.

b. (S) The booster motor case appears to be a s‘td.ndwrd'
cylinder with semiellipsoidal ends. The llkely candidate for the case
material is a chrome-vanadium btccl such as that designated EI-659
by the Soviets and listed as a matérial for rocket motors and-cases.
An allowable design hoop stress for this material Would be about
15,000 to 50, 000 psi. The case wall.t_hickne:;s, estimated to be about
0.276 inches (7 mim), is compatibie with the widths uf the machine
welds observed in thc photogjraphy -

. CCc. T (S) ]J1buldl](.)n 1b nurn\ully required to prevent a
loss of case strength due to wall UV crlnutan. An insulation thickness

of about 0. 1 inch linrits the temperdature risc-to about 600°F: . -

~ d. (S) The standard converging-diverpging Looster
nozzle is cuipped with a plug simdlar L6 that of the SA-2. The noz-
zle plug can be manually adjusted to pactially control var lations, 1o the.

L

SECRET




)
, L . : '

. i
- () rsuoisusung STSSIN YOO (). *g @anBrg”

[

” [

5 |

0 : &

4 o
n




(n) ‘suorsuswg .ﬂwﬁommcmﬁﬁ vOD 9yl (D) 9 mu:m_m .

CONFIDENTIAL

-
M,
-
Z
(TTRR
Dv
™
Z
- O .
O




@
(n) ‘siusuodwio) oISSIN VOO jo uonjedor] arqeqord () ‘L vandig

5103eN3dY peAYIT M

SECRET

I0JON 1935009 .. JIojolN psﬁﬁw:m 10M04 § O3D




(n) ‘udisaQ ureid E:_oon pawnssy (g) ‘g Nl .

- urgp = wsueT

) ut LpliT o= 9aM
ur (¢ 1 = Al
.ur L6 =00

. isuotsusurrg YOHS§

'//// e

_°, paambaz syo1s 8

mEmEe




SECRET

©  TABLE 2
(S) SUMMARY. oF ESTIMATED BOOSTER
PERFORMANCE (70°F).  (U) -
Motor wéight o : o . 834 1b
Propellént A\-we_ight . ) ) | 517 1b
Propellant ‘ ) S ’ . - Solid (double’—basg:)
Thrust at sea level ' o 30, 480 1b

Burntime : A ) ) .. 3.6 sec

: ©

Total impﬁlse at sea level 111,000 1lb-sec

Specific impulse at sea levél 214.7 5 sec

14
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’propellani; burning rate. - The plug perrnit:s an adjustment of the throat
area to maintain’a desired chamber pressure (about 1200 psia), there-
by partially compensating for variations in propellant temperatures.
A throat insert, probably corundum, may be provided. ) .

e. (S) Estimated booster motor performance data
are shown in Table 2. (See Appendix I for computations.)

! 2. (S) Sustainer (U)

i . S

. .
. | (S) A solid propellant rocket motor provides second

stage ;(sustainer) thrust. ' ‘

H .- @ .

! . . .
a. (S) The sustainer propellant is believed to be the
same 'double-base type as that used in the booster; with changes in
the griain configuration to provide a lower thrust and, consequently, a
longer burning time. The estimated internal-burning grain configura-
tion is about 14 inches in diameter and 44 ihches long.

b. (8), Tha sustainer motor case is a cylinder, prob-
ably with ellipsoidal ends. The case material is probably the same as
‘that used for the booster motor case. Wall thickness is estimated to
be 0.197. inches (5 mm), and wall insulation Lhickné;‘s is estimated to
_be 0.1 inch. : )

. . A c: (Sj The converging-diverging sustainer nozzle
contains a nozzle pl\ig and throat insert similar in (l'esiglf to that of
the bposter nozzle. ’ ’ : o

% d. (S) Estimated sustainer motor performance was
calculated; the results are shown in Tuble-3. (See Appendix I for ~*
computations.) ’

C. (53] Aerodynanxic‘s (U)

S) Aerodynamic Coniigui‘atiuns of the GOA miissile appear

to have been optimized fof low altitude intercepts. (Sce Appendix I1
for computations.)’ <

1. (S) The missild is a tandem two-stage cruciform con-
figuraLiun with all fins in line and oricnted at 45 degrees with respect
to the pitch and yaw axes. S The three scets:of four fins are: canard
control fins, clipped-delta stabilized fins, and fold-out, rectangular
booster stabilizer fins. ) ‘

15
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TABLE 3
(S“) SUMMARY 6F ESTIMATED SUSTAiNE
PERFORMANCE (70°F). (U) ‘

Motor weight ' ‘ 500 1b
Propellant weight - ‘ : 260 1b
Propellant : : Sc'ulidv(doub‘le-basé)
Thrust at sea level —_— : 3480 1b
Bu&:ntime | - 16 sec
Si)ecific impulse at sea level } 2-14‘.0 sec

Total impulse at sea level - ’ 55, 600 lb-sec

le
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a. (S) * The carard control fins, located well forward,
‘causé rapid reaction to control fin deflection. An-advantage of canard
- configuration is that the lift due to control deflection and result1ng
angle of attack of the missile are additive. The 45 degree orientation
provides an increase in control effectiveness over an ahgnrnent of the
fins in the pitch and yaw planes. CdlC_uld.thnb show control effective-
ness probably would be marginal at altitudes of about 35,000 feet due

to low dynamic pressure and the relatively small control fin area.
(See Appendix II.) ' '

b. @) "The Cllpped delfa stabilizer flns are attached
Smiall fixed tabs, probably trim tabs,
are attached to the trailing edge of two opposite stabilizer fins. Aileron
roll stabilization surfaces are located on the trailing portion of the oth-
er two fins. Mechanical control linkages extend the length of the stabi-~
lizer fins from the aileron surfaces forward into the guidance section.

c. . {S) Rectangular stabilizer fins are hinged to the
booster motor case and are folded forward on the missiles. A pres-
sure or hydraulic device appears to operate in conjunction with the »
hinge mechanism probably to insuré proper fin 'fold-out" (Figure 16).
A locking device located on the root chord of each of the booster stabi-

-lizer fins, about twoxsthirds of the fin width from the hinge point,
clamps to the rear.of the booster nozzle skirt.. .In flight position, about
one-third of the fin extends beyond .the booster .nozzle.

B 2. (8) Boat-tailing huas been used on the boouster to re-
duce drag. The sweep-back of the sustainer stabilizer fins indicates
probable optimization of the lift-to-drag ratio, and body wave drdé is

reduced-because of the long, - 1a,pered forward portion of the sustainer.

The rearward center of pressure shift for the tapered body, as com-
pared to a near c¢ylindrical body reduces the body-alone destabilizing

moment and improves control fin ¢ffectiveness. The drag reduction

" techniques and apparent control effectiveness indicate a low-altitude

intercept design Cdpablllly.

3. (S) The additive ‘effect-of 11ft. due to control fin deflection
and the resulting angle’of attack would produce large acrodynamic loads
on the GOA sustainer. The allowable loads are dependent on internal
missile structure factors which cannot be determined. A design maxi-
mum allowable lateral ‘acceleration of about 8 g's appe¢ars reasonable,
based o_ﬁ fin thicknesses and the fin attachments to'the missile body.

17
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4. (S) Examination of similar missile configurations in-
dicates the pitching moment would be nonlinear at 10 to 12 degree
angles of attack. The GOA configuration would be d1ff1cu1t to trim |
to this or h1gher angle of attack values. . .

5. (S) A single gyro and the alleron roll stab1hzers would
be sufficient to sense and counteract any. cross-coupled rolling moments
induced by a combined pitch and yaw maneuver.

D. (S) Electronics (U)

.. (8) There are four probable and three- p0551ble antennas
that can be seen .on the GOA sustainer (Figure 9). The four probable
antennas, apparently polyrod type, are on the tip of each of the stabi-
lizer fins. A possible slotted-type d@ntenna may be present in the.tun-
nel on the top of thé sustainer. The three openings in the tunnel on the
side of the sustainer may be antenrias. The probable and possible an- .
tennas have been examined for indications of the--guidance scheme and
ground-based electronic portions of the SA-3 missile system.

1. (S) "Antennas (U) . ° -

a. (S) The four identical antennas located on each of

‘the four stabilizer fin tips appear to be of the polyrod type. Analysis

based on scalings indicates a frequency range from 2.4 to 3.0 giga- |
cycles, a bandwidth of about 57°, a gain of 10 db, and a front-to- back
ratio 'of 20 db. At'thé center frequency of approximately 2.7 giga-
cycles, the side lobe.level should be less than 10 percent of the main
beam. :

b. . (S) The tunnel on top of the- forwdrd port1on of the
sustalner could contain a slotted-type or fuse dntennd as well as ca-
bllng to by pass the warhead section.-

‘c. (S) The three openings in the central portion of
the tunnels on either side of the sustainer body were examined for an
antenna function. A slot-array or log-periodic-type antenna could
be fitted in these openings:. It cannot be determined-from the available
photography whether antennas are contained in either the. side tunnels
or ‘the top tunnel on the sustainer section. ’

d. (S) See Appdldi.\i"V for a discussion of a beam
rider guidance schéme. (Since a command guidance scheme is more
commonly understood, only the beam rider method is discussed in
Appendix V.) ) ' : ' )

19 .
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2. () ‘Guidance (U)

a. S) _Comr‘nand g\;lidance may be used with this mis—

silé. . If this type guidance is used, two of the polyrod antennas’ would

be used for reception of command signals and the other two would be
used .for beacon transmission. This guidance system would be similar
to the technique used with the SA-2 system. '

) b. (8) The four polyrod antennas appear to be identical.
This suggests that a second type (beant rider) guidance rhay be employed
with the SA-3 missile system. The beam rider system would consist
of a target track radar, missile guidance radar and a missile. Both
antennas would be contained on the single pedestal of the LOW BLOW
radar. - The target track radar would acquire and track the target;
and, ;based upon information from this radar, a la\inching'tiﬁné for
the missile would be determined. After launching, the missile would
derive its guidance signals from a conically scanned beam being trans-

‘mitted by the missile guidance radar. The four polyrod antennas would,’
in this case, receive only. ) .

L]

E. (S) Performance (U)

i. (S) TPhe estimated performance envelope for the GOA
missile is shown in Figure 10. Maximum altitude and range capabili-
ties were COrnp\‘Lted based on assumed minimum control requirements
of a 2 g lateral mancuver and’'a residual spéed of Mach 1.3. The per-
formance (;nvclppc was oblainedl-by varying the launch angle t'h'rough a,
range of 10 to 80 degrees and continuing the missile flight on nonma-
neuvering, zero-lift trajectories. A missile control dead zone of 5
seconds is assumed; approximately 4 scconds to booster burnout and
1 sccond for s¢paration and establishment of guidance control. _Target
gaming was not considered in this analysis. A better knowledge-of the
capabilities and limitations of the ground based clectronics and target
gaming would be required to establish, “with reasonable confidence, the
intercept capabilities of the system against the various aircraft speeds
and flight profiles that would be encountered. ’

2. (S) The system minimume-altitude capabilities are. de-
pendent on the prcsunily unknown characteristics and limitations of
the fire control radar. ‘Theé configuration and characteristics of the
GOA missile do not appear to'limit the low’ altitude capabilities of the

system (beyond any misgsile control dead zonc).

3. (S) The maximum allowable acrodynamic loads on the
GO sustainer arce dependent on unknown internal structure factors.

21
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TABLE 4 .

(U) - Z2IL-157 TRUCK CHARACTERISTICS. (U)-

Weight - : - " 12,000 1
‘ i:’ayloz;d, ) o .
Road L | 9,900 1b
Crvos‘s'countrlyA - . S 5, 500 1b -.
Towed load - L' 7,920 1b '
I;,engtag bverall - . E ..o 22 ft
i . . P
» Heiéh}i overall i ‘7.7 ft
- Width overall V : ’ 7.7 ft
Engine . . - . : 109 HP, .6 Cyl.r, gasoline
Wheelbase - g _ 1.8 £t |
Type of drive - - - o 6% 6.
Tire size . - . : ' , 12.00 X 18~
TurnixigAr'-'.‘aidius : | : . 36.’8 ft'
Cruising 1"ange N v | 250 miles
Maximum Speé.d R N - - ’ 40 mph |

Ground clearance 1.0 ft

22
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'Cont'rol and stabilizer fin thickneés.gs, the means used to attach the

- fins to the-body, and the general appearance of the missile indicate

‘a reasonable maximum’lateral loading of about 8 g's. A limit of 8 g's
has been used to compute the maximum allowable angle of attack as

a function of altitude, Mach numbe¥, and control fin deflection angle
(Appendix II). The maximum control fin deflection angle is also un-
known; however, an apparently reasonable value of 15 degrees was.
assumed for the computations. . o

F. S) Warhead -{(U) -

. 1. " (S) The 1oéatipn of the warhead section (under the top
tunnel on the missile) was determined by pictorial analysis. ~The’
diameter and length of the warhead section would accommodate a.200
pound warhead kit, or a 175 pound warhead. :

2. (S) The GOA missile warhead is probably a high ex-
plosive, directional fragmentation type. No estimate of the lethal
radius or the fragmentation pattern is included in this analysis.

G. (S) Transporter (U)
1. (S) General " (U)

(S) The GOA missile transporter utilizes the ZIL.-157
truck as the basic vehicle. The transporter provides a means of
checking out and servicing the missiles, loading of the launcher, and
missile storage prior to site replenishment. The estimated weight of

a fully loaded transporter’ is about 18,000 pounds divided as folluwé&&

Missile (each) 2000 1b

Ordnance equipment 2000 1b ’

Z1L-157 truck . ' 12,000 1b

2. (C) ZIL-157 Truck (U).

(C) The transporter mechanism 'is mounted on the chas- -
sis of the standard 6 X6 711.-157 truck. Many features of the basic
vehicle closcly‘resernbly; the U.S. World War II 2% ton, 6 X 6, truck.
Characteristics gf. the vehicle are shown in Table. 4. ’

23
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3. (S) . Transport and Loadins Mechanisms (U)
a. (S) The transport and léading mechaniém_is a dual
beam arrangement with each beam supporting one missile. Each
beam is attached to the truck chassis at two points. The forward sup-

port is a pivot point and the rear support is an elevating mechanism
(Figure 11).

b. (S) The elevating ggechanism permiﬁs raising the
rear portion of the beam to mate wit] %2ils on the missile launcher.
The beams$ are probably capable of being.elevated independently. The
elevat1ng mechanlsm appears to be operated by a hand crank.

e c. (S) Each missile is supported on 1ts beam by a
forward '"'C" clamp and rear cradle (Figure 12). A hand crank and
_transm1551on assembly on the under side of each beam is connected
to a chain drive to load and off-load the missile (Figure 11). A large’
handle above the gear box (with arrows) is' a braking/gear shift mech-
anism used in conjunction with the loading power train. Figure 13
shows the concept of the loading assembly. S

d. ‘(S) The forward support assembly (C-clamp), in
the travel p051t10n, ‘is tied down to the main beam at three points
(Figure 14). A small hand screw just under the missile body is used
to hold the forward support assembly against a bracket fixed to the
main beam. Two T-bar clamps, one on either.side, tie down the
forward support assembly to the main beam to prevent lateral motion. -
A small hand screw,-just below the T- bars, pernyits release of the
T-bar clamps by an '"up-and-out'' motion. A grip release is used to
release the C-clamp from the missile. co '

- e, (S) The missile booster is tied down to the n'na_in_
beam in the travel position by two turn-buckle-type clamps, .one on
either side, opposite the rear support assembly or.cradle (Figure 15).

s .

f.° (S) Two small probable fire-proof switch boxes ’
and flood lights are located at the main tie-down points of the missile
and at the rear end of the missile :,upporl. bearn, providing necessary
light for operation in areas where general illumination-is not available
or cannot be used (Figures 14 -and 15).

'

4. (S) Missile Checkout and Servieing E.qﬁipnu:nt (V)

a. (S) A probable umbilical connector for preliminary
missile checkout is mounted on the outside of each of the missile support

25 ' i
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beams (Figure 14).. The connector box," mounted on a thr:ee-jointed
rod, rotates upward and inward to ‘permit contact with the under side
of the missile at the rear: port1on of the guidance and control compart- .

b. (S) Hydraulic power for missile checkout is proba-
bly provided by a hydraulic pump on the, underside of the main beam

' (Flgure 15). Several small high pressure tubes can be observed

leading into.or out of this locatlon
c. (S) -The box on 1_,113 right side of the vehicle just
behind the spare tire rack probably provides storage space for.tools
and cables used in the missile checkou?f. procedure (Figure 14). A
small box at the rear of the vehicle between the missile support beams .

probably contains cable connectors for external checkout control and
power (Figure-16). :

®
@

- d. (S) The welded tubular framework fixed to the
vehicle supports provides worKing platforms for easy access Lo all
parts of both missiles and the missile lbading mechanism and provides
brush-guard type protection for the missiles (Figure 17). Stanchions
are provided for bows to add overhead protection and to support a tar--
paulln type cover.

5. (S) ‘Transfer of Missiles from Transporter to
Launcher (U) . ] .

a. (S) Figure 18 depicts a concept of a.possible mating
of the transporter to the launcher for transloading operations.

. b. 7 (S) A rail rather than a zero-length launch system
is probable. |

i The missiles are apparently rolled back along the trans-
porter missile support beam onto the launcher rails rather- than hfted
and pld.ced as-woutd be necessary with a zero-length systeln.
cl (S) * A thick, horseshoe-shaped obJecL is welded
to the bottom of ‘the booster case (Figure 15) and, dlthoug’h the lower
part of the ob_)ecL i's hidden from.view by the missile support bean,
the size and location of the object make it a principal candidate for
a shoe-slide|or roller-~type attachment with the launch rail (Figure 15).
There is no forward attachment point visible on the missile but one
probably exists. A cantilevered- ty pe missile support at one.point on
the launch rail is possible but unlikely. The moment resulting from.
booster thrust would be high and claborate methods’ would be neces-
sary to prevent binding. :

33
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d. (S) Transloading is probably a‘ma.nuﬁal operation
as indicated by the transporter. Missile support beam elevation,
-tie-down disconnects, and transloading mechanisms are operated by

ha_x‘ld cranks and wheels. Electrically or hydraulically powered equip-

ment features are not visible on the transporter.

34
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APPENDIX I. (S) GOA MISSILE PROPULSION ANALYSIS (U)
| ' 1. (U) Notation vy
nozzlé exit area
propellant-surface area
noz;zle- throat .a.réa
burning r.ate cox?st_ani;
ef'fe;ctive exhaust veiocity .
chal.'acte'liistic eixha;_xst velocity
- : . [ ’
nozzle discharge coefficient = 1
thrust Co'e_ff,icient
;pe'cific heat at constant préssure
specific heat at constant volilme.
thrust
gravitational acceleration

specific impulse,

ratio of propellant surface area to nozzle throat
area

ratio of gas ‘specific heats
molecular weight of gases

burning rate pressure expohent

‘ambient pressure

)
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PC chamberxr préssure

P nozzle exit ?ress_ure

R gas constant
propellant burning rate

CV'Acl;lambe'r Lemperature

burntime
‘chamber volume

Vp p.ropelliant voiuxme

WP total pfropella.nt weight

W w.eighf flow rate of propellant

(U) Greek:Symbols (U)

frk sensitivity of burning rate to temperature at .
constant K : : ¢ . s

sensitivity of burning. rate to temperature at
constant chamber pPressure

p

pp propellant dens‘it);
Q2 fu.n_ctior? of k aione
w ratio of cl&rdrnbe‘r Qolun}e tc; PrOpellfd.I'll‘ yolunxc
(U) Sub.scriptsj (V)
a ijambient ‘
Vchan.jber
_exit

sl - sea level
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t throat
vac vacuum
(U) Equations (u)

Thrust

Thrust Coefficient

1 k-1_
- 1 P, k .
1 (1 - == X

. . Pc /

+

oY L (.—2' .
" Vk-1 k+-l)
Charnbér Presisure

- &\JTC'/M

€7 0.1443 Cgq A, Q

1

L : 1 L
A :

. P _ 1-n

P (At )l-n =

Nozzle Area Ratio

. . 1- . I
: ( 2 )k—l (PC )k
Ae _\ktl P .

Ay k-1

Vi) g 7
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Propellant Surface to Throat Area Ratio

Burning Rate

' Volume Ratio

N

Weight Flow

"

b
Ly
F
Isp
“Pof0. 1443) Cy A, 2
JTC/M ’

= r}P r pP
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Propellant Density
wP
°p TV,

ke
Q=K (I(%):ZO"”

c
Kk =B

Cv

Spéciﬁc Impulse

Effective Exhaust Velociﬂtl

k-1

P Kk . P P.
_y| 2gk _Te ) (Pe - Fa) Aeg
e\ B rT 1 -5 )t n

Characteristic Exhaust Velocity

R T

' c

w
_1sps
T . Cy
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3. S) Booster Propulsion Analysis ‘(U)

a. (S) Observable extesnals of the GOA mlssﬂe booster
propulsion system indicate a standard solid propellant rocKet motor,.
probably similar in design concept to the- GUIDELINE (SA-2). booster.
Major components are a cylindrical motor case with ellipsoidal ends,
a probable electrically actuated igniter, solid propellant grain, a
converging-—diyerging nozzle, and a nozzle plug. C '

. b. Sy A diniensi-on-al analysis was performed on the
booster (Figure 19).. The dimensions used in estimating motor per-
formancé and component weights are:
Nozzle exit diameter L 12.99 in
Nozzle .exit area“, ’ 132.5 in?

Outside diameter of case 21.26in

Case length (estimated) ' - 53 in

Motor-length 68.6 in

c. (S) The motor case was assumed to be steel based
on the types and locations of welds, end closure configuration, and
" the -probable range ‘of combustion chamber pressures and temperatures.
The Soviets published military-type spec1f1cat10n:> in 1957 for chromium,
.vanadium steel for ''rocket motors and casings" This steel, designated
‘EI-659, is a ductile structural type capable of ll(:dl treatment after
welding and highly .suited to machine welding (for thickness greater
than 3 mm). EI-659 has an ultimate stress of about 170,000 psi and
‘a yield stress of 85,000 to 90,000 psi. Stdndard Soviet-practice ‘would
permit a design stress of 45,000 .to,50,000 psi. A design hoop stress
of 50,000 psi and a chamber pressure of 1250 psia would require a
case wall thickness of approximately 0.276 inches (7 mm). The width
of the machine-made weld seams is compatible with a wall thlckness
of approxuna.tely 0.24 to 0.32 inches (6 - 8 mm), or th1cker

.40
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Nozzle.
OD ~ 13.4 in

H

. - .
Figure 19. (S) Booster Motor Envelope.
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d. (S) An insulating motor case|liner would be re-

quired to prevent overheating the walls. An in ulation thickness of:
about 0.1 inch would limit wall templeratures to about 600°F. A
throat liner of corundum is probablyjutilized to prevent hot gas ero-
sion. - - : -

. ‘e. (8) The configuration similarity of the GOA booster
to the GUIDELINE booster. suggests that the propellants are probably
similar. The design period for the GOA missile probably followed
that for the GUIDELINE by not more than one to two vears. The as-
sumption that the boostér p}opellants are identical provides a good-
approximation of the GOA booster performance characteristics. An
extruded double-base solid propellant, identical to that used in the
SA-2, is used for calculation of booster-pe,rformanceu Eight propel-
lant sticks, 5.7l inches in diameter and €8 inches long, can be placed
in the motor case (Figures 8*and 20). Propellant grain supports would .

be required to separate the propell‘aémt sticks. -
&

R (1) (S) . Propellant characteristics are believed to
be similar to a U.S. double-base type designated OV and listed in the
Propellant Powder Manual as unit 137-(developed by Allegheny Bal-
listics Laboratory for JATO use). The estimated characteristics of -
the GOA booster propellant, used for calculation of probable booster
performance, are summarized as follows: .

Stick dimensions (each)
oD = 5.71 in
D - 1.417 in
Web . 2.147 in-

Length, - 48 .in |

Density - 0.0564 1b/in?

Ratio of spécific heats (k) < 1..23
Molecular weight of:"gases - 26.8

Combustion temperature - 42G0°R_

42
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Burning Rate - in/sec
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]

5 6 7 8 9 10

Chamber Pressure-psia-hundreds

Figure 21. (S') Estimated Burning. Raie__as a Function of Ch.a..rnt‘)'er
Pressure for Several Propellant’Temperatures, (U)
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(2) (S) The propellant-volume, ib_ase'd on 8 sticks
of the assumed dimensions, would be 9165 in? and the weight would
be 517 pounds. The combustion chamber volume is about 14, 650 in?
and the propellant loading factor is then 59 percent

‘ (3)' (S) Burrung rate (r) of the propellant. is pre-

‘sented in F1gure 21 as a function of propellant: Lernperature and com-

bustion chamber pressure (Pe)-

f. (S) A combustion: chdmber pressure of IZOO psia
was assumed for computations of booster performance (_hdrd.Ctt,r].StlLS. .
Table 5 presents the booster per mance parameters at pr()pelldnt
ambient temperatures of 7(_)°F, ~Y5°F, and 125°F.

(1) (S) In this analys1s,‘ the nozzle pluz= was as-
sumed to be adjusted to maintain a constant chamber pressure of
1200 psia over the range of propellant grain temperatures. Such use
of the nogzle plug would partially compensate for variations in. propel-
lant’'temperatures but would not eliminate variations. in thrust dand
burntime.

(2) (S) . The nozzle plug could be used to maintain
ebsentlally the same thrust and burntime regdrdleab of the propt_lldnt
temperature but this use would be gccompanied by an increase in
chamber pressure of about 25 percent for low ambient temperature
conditions. This increase in pressure would require .a proportionate
increase in case wall thickness and wgight. ' ’

4. . (S) Sustainer.-Prop‘\llsi'on Analysis (U)

a. (S) The external appearance of the-sustainer motor
section and the absence of fill plugs and access hatches is suggestive

- of a standard solid propellant rocket motor. Mujor cormmponents are

a standard cylindrical motor, probably with ellipsoidal ends, solid

propellant grain, a probable standard u.l;(.tr]gdlly actuated igniter,

Lonver51ng diverging nozzlg, and probably a nozzle plug (Figure 22).
i

. i . R V‘ ) . . ) R
b. «(S) The dlmensluns used in estimating sustainer

“motor performance and component weights are:

,

Nozzle exit diametér A . 5.34 in

Nozzle ‘exi‘t areca ) 22.47 in®
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 TABLE 5

A(S) BOOSTER PERFORMANCE. (U)

_ ' -15°F _10°F T125°F
Propellant wt. (lbs) 517 517 517
Chamber pr‘essure (psia) - 1200, 1200 - 1200
iBurning rate (in/s}ec) 0.258 - 0.295 | .O. 359
Flow rate (Ib/sec) 124027 V 142. 09 - 172.91

Nozzle throat area (inz.) 13.785 _ 15 865 ' 19. 306
Nozzle exit area (in%) i 132.5 132.5 7 132'.5
Expansion ratio © 9.5495 8.3517 6.8632
Nozzle pressure ratic ~ . 0.01230 0.01478 0. 01;930
Nozzle exit p;éssure (psia)  14.8 7.7 23.2

‘Thru.st coefficient at sea 1.6026 1.6011 1. 5943
"level ' ’ :

Thrust at sea level (Ibs) 26, 680 30,480 ‘- 36, 940

Specific impulse at sea 213.6
" level (sec) : ’ '

Burntime (sec) . - ’ 2.99

Total impulse at sea . . 110,}'431
' level (Ib-sec) ) : -

Cross sectional loading (%) 3. ' ?3. 2
Assumed fnass fraction - : b2 . 27 . 0.62
Motor weight (lbs)

Assumed thrust correction

factor

1o
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. . . : s Nuzzlc
Case OD 15.2 in , OD ~ 5.35 in

‘Figure 22. (S) Sustainer Motor Envelope. (U)° i
47
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) E 1
Outside diameter of case 15.2 in

Case length (estimated) 51.14 in

Motor length (estimated) 59.62 in
’ c. (S) The motor case material was assumed to be
steel of the same type %gsmed~fof the booster. A case thickness of.
about 0. 197 inches (5 mm) would be required. An insulation material
thickness of about 0.1 inch was also assumed. : :

d. (S) The propellant used in the sustainer motor is -
probably the same double-base type as that assumed for the booster.
The grain type would be changed to provide a lower thrust level for
a longer duration. Several a.ssurnptlons are necessary to ‘arrive at
a reasonablg motor estimate. -

(1) (S) Chamber pressures for the lower and upper
combustion limits for a double-base propellant would be about 400 psia
and 2500 psia, respectively. Combustion stability becomes a problem
near these limits, particularly with substantial variations in ambient
braln ‘temperature, and reliability would-be adversely affected,

Soviet practices stress rehalnllty, therefore, more reasonable

" chamber pressure limits would be from 1000 to.2000 psia. A chamber
pressure of 1200 psia has been abaunﬁed for computations in this -
study. B :

2) () Various’ thrust levels and burntimes for
the sustainer motor were investigated to determine the overall effects
on missile performance. Based upon the prubdblc sustainer propel-
lant weight and chamber pressure, a near optimum ‘performance
would occ¢ur with a thrust and burntime of 3477 pounds and 16 seconds,
respectively.

(3) " (S) The assuxncd-chaxnber pressure and burn-
_.Li:xnc would require an internal burning grain. The time consuming
and involved proucess of designing a grain to fit all the parameters
was not aLLuxanc;d. There arc.many solutions that would’ provide
the necessary performance for the sustainer. The assumed values
for the propellant volume, weight, and surface area ure: '

48
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4610 in3

V?lu;'ne V)

Weight (Wp) ) : 260 1b
Surface area (Ap) . " 977 in?
e. (S) Sustainer performance values were calculated

for ambient powder temperatures 6f_70°,_A-15’f", and 125°F and dre
listed in . Table 6. :

49
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TABLE 6

(S) SUSTAINER PERFORMANCE. (U)

- -15°F
Propellant vireight (1bs) 260
Chamber preséure (psiai 1200
Burning F’ate (in/sec) 0.258 - .
Flow rate (1b/.sec) ' vl;i-. 21
Nozzle throat area (in®) 159
Nozzlé exit area (in?) S 22,47
Expansion gétiq A . 14.161
Nozzle 'p?essurerratio - 0.0073
Nozzle e).{it_pressure 8. 75'
Thr‘ust'coeffi:cient at sea level 1.589
Thrust at sea level (lbs) 3026

Specific impulse at sea 212.9
level (sec)

Burntime (sec)

Total impulse at sea level
(lb-sec)

A ssumed mass f’ra.c,ti'on
Motor weight (1b)

Assumed thrust correction
factor
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APPENDIX II. (S) MISSILE AERODYNAMICS (U)

A, (U) Symbols and:Nomenclature (U)

(U) The aerodynamic forces, moments, and angles are
referred to the body-axis system (Figure 23). The following symbols
and nomenclature are used throughout this report: ' )

Notation:

Angle of attack: angle between the missile
velocitys vectpr and missile longitudinal -
axis . : - deprdoes

-Missile flight péztﬁ angle: angle between
the local horizontal and missilé velocity
vector : . degrdees

" Control fin deflection angle: angle

" between the missile longitud.inal axis:
and the long axis of the control fin,
measured in the plane containing
the missile longitudinal axis and per-
pendicular to the control fin transverse

axis i “degrees -

Missile attitude angle: angle between
the local.horizontal and the missile
" longitudinal axis o degrees

Ambient air density T oslups /13
Axial force - _- . o pounds

Axial force coefficient (Cp = :\/qls)

Drag force c@:cff'icient (CD = D/qs)
Lift force cocflicient (Cp, = L/qs)
PiI‘L:lu;ng moment cucf&icient V(CM = M/qgs d) »
Rate of change. of pitching moment.

‘coefficient with respect to angle of | X
attack ) ; . A per degred
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Figure

23.

i
NOTE: Arrows indicate

positive directions of
v 1

forces, moments and
angles.

(U) Nomenclature and Sign Convention. (U)
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Rate of change of pitching moment
coefficient with respect to control
fin deflection angle .

per degree
Normal force coefficient (Cyy = N/q s)
Rate of change of normal force,

coefficient with respect to angle of

" attack " per degree

Rate of change of normal force"

:coefficient with respect to c@@trol
fin deflection angle e :

pér degree
Drag force : . pounds
Diameter . R feet

Fingneés ratio (£/d)-

Ratio of épecific heats for air
(k =1.4)

Lift force

:Length

Pitching moment

'Frée stream Mach number
Normal force

Ambient static pressure

Dynamic pressure A
[a =(Poo Mao)k/2 = (Poo V') /2]

Missile body cross-sectional area

[s = (na®)/4]

Thrust
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Free strecam velocity B ft/sec
Missile weight- ‘ o pounds

XCG/d Location of center of bravu.y in
calibers from nose

B

XCP/d o Liocation of center of pressure in
calibers from nose -

Subscripts
b Boay
CF CQnt‘r‘ol fins
.BFv Boos;ef stabilizerr fins

Sustainer stabilizer. fins

Total configuration

B. (S) Aerodynamic Analysis (U)

‘1.. (U) Aerodynamic force coefficients and center of pres-
sure locations were calculated considering the contributions of the
various aerodynamic components, fin-body interference effects, and
the effects of control fin vortices acting in the area of the downstream
stablllzer fins.

v

(U) Body Alone Data (U)

s

= (U) The zero-lift wave (form) dfdgj and normal -

« force coefficients and center of pressure locations were determined
from slender body theory for subsonic Mach numbers and from second
order shock expansion theory for supérsonic Mach numbers. The
transonic trend for the body-alone data wuas obtained by comparison
with Reference 1. Power-off base drag was obtained by correlation

"\v1th experimental data (Refervnce 2).: Power-on base drag was de-

‘termined frum an empirical method (Reference 3) based on altitude,

. thrust and missile geometry., ’
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b, (U) Control and Stabilizer Fin Data (U)

(U) Wave drag and normal force coefficients and

center of pressure locations for the control amd stabilizer fins were

determined using References 4 through 6 1or th¢ subsonic, transonie,
and supersonic reglmes.

c. (U) ~Skin Friction Drag (U)_

(U) The effects of skin friction on the drag of Lhc
various aerodynamic components were determined from skin friction

"charts for an insulated flat plate as a function of Reynolds and Mach

numbers (appropriately m()dlfled for the bod1es ‘of revolutu)n)

d. (U)y Aerodyncu@ Force Coefficients (U)

(U) Variations in Lhe location of the center of
pressure with Mach number and for a small range of angle of attack
were computed and are shown in Figure 24. Power-on and power-off
zero-lift drag coefficients as a function Of altitude and Mach number
are shown in Figure 25. Figure 26 shows the rate of.chang,é of nor-
mal force coefficient with respect to angle of attack, C.Na’ as a )
function of Mach number for a small angle of attack range. - Additional
body and fin data are shown in Figures 27 through 29 for general in-

formation.

T 2. (U) The angle.of attack and control fin deflection angle
relationship for sustainer trim conditions was investigated for various
center of gravity locations. Under steady state (trim) conditions, .the
summation of the moments about the sustainer center of gravity must
be zero. That is

CMeg = CMa@ t Cmg =0

Koo - Xep)

o
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- Xca - Xcpeg)
Cmg = Ny . d K

. The ratio of control fin deflection angle to anglé of attack is then

cMa

T CM6

The ratio of &8/« for varying center of gravity locations and Mach
»number is shown in Figure 30.-

3. © (S)

.@‘

The total normal force on the GOA' missile sustainer

per degree angle of dttack as d°funct1on of Mach ' number and dltltude
is shown in Figure 31. ) 2 .

4. (S) .

The allowable derudyndmlc IOdds on the GOA

sustainier are dependent upon unknown internal structure factors.

A maximum allow
‘'reasonable based

fins’ to the missile body.

able lateral acceleration of about 8 g's appears
on fin thickness and the means used to attach the
The maximum control fin deflection angle

is also unknown‘ a value of 15 degrees appears reasonable and pro-

vides adequate pelrformance.

control deflection

A maneuver limit of 8 g's and maximum
angle of 15 degrees were used for a preliminary

study of the steady-state angle of attack at various altitudes and Mach

numbers.

a.

(S) Figures 32 and 33 show the variation of steady

state é.ngle of attack (@) and maximum allowable control fin deflection
angle (&), with algitude for sustainer ignition and sustainer burnout.
The Mach numberis shown are the estimated 1)1-1\11’1’1[1111 and minimum

for both ignition and burnout.

‘The assumed maximum load of 8 g's

limits the total angle of attack (con]poncnts in both pitch and yaw
planes) up to the assumed 1‘3 ~degree limit on control fin deflection

angle.

s

. . b, (S) The 5u>talner center of gravity moves forward
about 10 inches (from 102. 4 to 92.°2 inches from the 1103;) while the

sustainer motor is burning (Figure 34).

results 'in decreas
given control fin d

The change in moment arms,

ing the steady-stat¢ (trim) angle of attack for &
cflection angle or, conversely, an.increase in
58 -
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" NOTE: Interference and'down;wash éffects
are included.

5
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o
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1
Mach Number .

r'd

.

Figure 27. (S) Booster Stabilizer Fins; Variation of CNu
) With Mach Number. (U)
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.control fin deflection angle is required to maintain a given irirr; angle
of attack. The allowable angle of attack increases:with altitude but
decreases with increasing Mach number since the normal force is
pProportional to the dynamic pressure.

. c. (S) Figure 33 may be misleading unless the partic-
ular conditions used for the computations are kept in mind. The
Mach number range of 2.2 to 2.7 at sustainer burndut is based on
minimum drag from a zero-lift trajectory. Drag will increase sharply
with angle of attack. Experimental data based on wind tunnel testing
of the sustainer configuration'are necessary to determine the drag
curve as a function of angle of attack for the low supersonic and-
transonic regimes. Theoretical approaches are not sufficiently ac-
curate to warrant computations of the effects of maneuvers on mis -
sile velocity before or after sustainer burnout. . The computations
‘that can be obtained for. zero-lift‘'trajectories do provide a reasonable
basis for estimating a ma)%imum altitude capability of appfoximately

-35,000 feet and a slant range capability of approximately 12 nm.
» .
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APPENDIX-III. (S) FLAT FACE RADAR (C)
A S) Descripiion (U)

(S) The FLAT FACE is a rnedium-rarige, low-altitude,
surveillance radar. This radar has; two ellipticél paraboloid re- .
flectors, each approximately 7 feet by 18 feet; mounted horizontally
one above the other atop a box- bodied ZIS-151 Van. This radar.is

‘considered to have an effective low-altitude search Cdpdblllty ‘and

probably has anticlutter circuits to minimize ;:round returns and
some ECM. - . - .

B. . (8) Technical Characteristics (U)

RF. S 81s-845, 8;80_'915 Mes

PRF o -18'0-5220; "630-710 pps
PW 1.5-2.5 psec:

Sc;x{ . ' . Circular 8. 5-9.3 spr

HBW : ' a. 5-11.6°' '

Polarization ~ - "Horizontal

69
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APPENDIV IV. (S) POSTULATED GUIDANCE SYSTEM (U)

(S) A postulated beam-rider guidance system compatible with
both the GOA.missile electronics and the general configuration of the
probable fire control radar, LOW BLOW (characteristics unknown,
see MIS 31-63, "Sino-Soviet Block Missile and Space Technology -
Summary 1963"), is described below. In general terms’, the target
track radar would acquire and track the target making it possible to
determine the launch time. After launch, the missile would derive
its guidance signals from a conically scanned beam transmitted by
the missile guidance radar. The target tracking radar could employ

" two troughs and a dish antenna. Ahother dish antenna could function
with the missile guidance radar. The antennas for both radars could
be mounted on a single pedestal: :

1. (S) Target Track Radar (U).

a. (S) This radar probably can func€ion as limited
acquisition type while transmitting energy at a lower PRF than that
used during the guidance mode.” It can be expected to operate similar
to the FAN SONG in that a guidance officer initially chooses the tar-
get of interest from data derived by the LOW BLOW radar or from
some.other acquisition radar (FLAT FACE) operating in the vicinity.
After acquisitionA, operators probably manually track the target using
scopes.  An automatic tracking mode would be expected, although
this mode would be dependent upon clutter return and'janimihg signals.
In case of jamming, alternate :frequenci'es could be utilized since, in’
the system béing described, the missile is not in any way dependent
on the target track radar frequency for its guidance. Circular polari-
zation|of the transmitted energy from the LOW BLOW would be ex-
pected. This would allow the use of one transmitter for tracking pur-
poses |with the troughs receiving the reflected energy. Since estimates
of the maximum range of the missile appear to be not greater than
approkimately 12 nm, a-PRF in‘the range of 5000 to 3750 might be
expected which would give an unambiguous range of 16 to 22 nm. A~
lower |PRF of 2500 to 1875 might also be expected for the acquisition
mode [of operation for ranges of 32 to 43 Aam, respectively. If-the PRF
is changed from acquisition to guidance modes, the receiver bandwidth
and piulse width might also be changed as in the FAN SONG.

b. (S) This radar would have advantages at low look
angles in a clutter environmert because the expected higher PRF

would| permit the use of marrower range gates. A second advantage
would| be the probable incorporation of narrower receiver bandwidths

7l
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'since the reception of a beacon signal for the missile is not a require-
ment in this guidance-scheme. More clutter energy is returned from
horizontal rather than vertical polarized energy, therefore, the ar-
rangement of the troughs (45° from horizontal) on the LOW BLOW may
be a compromise between the two.

2..7 (S) Missile Guidance Radar (U)

a. (S) This radar is expected tu radiate either one or
two beams of conically scanned energy; however, for the purpose of
presenting a postulated guidance s@eine, a system is described which.
uses two beams, each operating at different frequencies. The first
beam would be radiated at o frequency designated f; and would be re-
latively large in width and of lower power density than the second
beam. The second beam, frequency designated f,, -would be narrower
in width and its beam center would be offset from the dish boresight
by a much Smaller angle than the first. The two beams should be
conically svcanpe'd at the same rate and any modulation’ appearing on
the radiated beams should be synchronized with the conical scan
_frequ'en(‘:y. The: frequency of these two beams would probably not
differ by:more than a few megacycles. The dish which radiates these
beams would be boresighted with the target track radar unless a lead
collision course mode were included in the: LOW BLOW system. If
a lead collision mode were included, the.missile guidance dish would
be capable of movement in order that.its fine Leam could be positioned
in space at a computed intercept point. '

b. (S) During flight the missilé would utilize the two
beams in the following manner: T
(1) (U) ‘Follow an approximately straight flight from

launch until entering the broad bedm of the missile guidance radar.

(2) (S) Derive coarse guidance signals from the
beam and guide’itself to the center of the broad beam, placing it in
the narrow beam frequency (). "The error deriving circuits would
automatically switch from the coarse’to the fine beam frequency.
ThHe missile would then approach the boresight axis of the guidance-
dish and procced toward the target. Onerpossible cunfigurati&n of
the electronic package onboard the missile would consist of the four
antennas feeding cnergy to four pairs of microwave cavities. One
_cavity in each pair would LY tuned to the broad beam frequency (f)
‘and the other to the narrow beam frequency (£:). The output from

T2
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these cavities would be amplitude detected and fed to error deriv'injz
circuits. The error 51gnals fed. to the guidance control components
would be determined by the amphtude and phase of the energy dctcutcd
from the cawvities. :

c. (S) . The (.av1ty pairs onboard the missile could be
tuned by plungers attached to gears and driven by a synchro.- Another
synchro on-'the external surface in conjunction with some type frequency
scale would permit the quick changing of the cavity frequencies to cor-
respond with any change in the broad and narrow beam frequencies of
the missile guidance radar. Such a device could be located within the
box on the interstage section of the missile- (Figure 9).

d. (S) As indicated in the analysis of.the polyrod an-
tennas, the center frequency is approximately 2.7 gigacycles. If

" the guidance scheme described herein i's used, the frequency of the -

transmitted energy from the missile 3,u1ddnce radar should be about
2.7 gigacycles and- scanned at- an approximate rate of bétween 20 and
100 revolutions per second. The Lran;nutled power would be rclatlvely
high if the missile package as duscribed was l)(.,ll]b used. The trans-
mitted power would probably have coristant pulses with-an amplitude

or frequency nxodu_latién Any modulation prebent should be synchro-
nized with.the conical scan fr(,qu&,ncy :

s e (S) T'ernﬂinal homing could be incorporated into the

missile. If an antenna were placed in the ndse section of the n]lbbile. i

and its beam offset from.the missile longitludinal axis at some. squint’
angle and conically scanned at the same rate as the narrow and broad
beams of the guidance radar; then terminal honiing guidance could be
accomplished using the same error:deriving circuits as used dur1n1,
the initial stage of flight. This antenna could operate at the frequency
of the target track radar by 1nLluc11n;:, another . cav 1Ly unboard tuned to
this frequency. :

f. (S) The guidance scheme described would allow
several missiles to be fired at a target or group of targets. ‘Some
time should eldpsc between t1r1n73:- to prevent a missile disturbing
the guidance radar l‘ddldtlon pattern ior “other missiles’ fired at the

same target.
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