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ABSTRACT

The shipborne surface-to-air missile (SAM) systems of
the US Navy, French Navy, Royal Navy, Italian Navy, Canadian
Navy, Israeli Navy, and Soviet Navy are examined. For each
SAM system, the details of the physical make-up, the target
detection and tracking, the missile guidance, the warhead,
and the missile performance are presented. Finally, a study
of the shipborne air defense used by the Royal Navy in the
Falklands Conflict in the Spring of 1982 is made.
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1. Noise Figure E,

The noise figure is a function of a type of

receiver, and Fig. 2.3 [Ref. 2] gives a means of estimating
F -

70 'vll‘r; T T T T T Ty T
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Frequency = Mmp

FPigure 2.3 Noise Figgres of Typical Microwave Receiver
Front Ends as a Function of Prequency (Bell, Ref. 2).

2. Minimum Signal-to-Noise Ratio

The minimum value of (Sg/Ngy) is a trade-off between
missing true signals on the one hand and interpreting noic
as a true signal on the other. The measure of noise bein.
interpreted as a signal is given by the false alarm rate.
Guidance figures for design relating the probability of
detection, the probability of false alaram and the

25
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noise out practical receiver

F =
noise out of ideal receiver at std temp T,
or
F, = No/(kTgB,G,4) (2. 13)
where

No = noise output from receiver

5, = available gain -23

k = Boltzmann's constant = 1.38X10 Js/deg.
T, = 290 degree Kelvin

B, = receiver bandiidth

The available gain G, is the ratio of the signal out, S5,, to
the signal in, S;, and kToB, is the input noise N; in an

jdeal receiver. Thus,

_ SiIN; . o
Fp = —/—— (2. 14) o
SolNo

Rearranging eq. 2.14, the input signal may be expressed as

e

S; = kIoB,F,So/N, (2.15) B
I1f the minimum detectable signal S,;, is that value of S; ?fﬂ
cocrresponding to the minimum ratio of output (of the IF ;‘M
amplifier) signal-to-noise ratio (S, /No)min necessary for j{fd
detection, then fj;;
Sn'lin = kTt:anFn (so/No)m,',, (2. 16)' "'1

Focr many radar applications this assumption is satifactory.
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Figure 2.2 Attenuation for Horizontal Propagation
(Cooper, Ref. 3).

generate any excess Dnoise, there would still exist an
unavoidable component of noise generated by the thermal
motion of the conduction of electrons in the receiver input
stages. This is called "thermal noise", and is directly
proportional to the temperature of the ohmic portions of the
circuit and the receiver bandwidth [Ref. 2]. The available
thermal-noise power generated Ly a receiver of bandwidth B
at a temperature T (degrees Kelvin) is equal to

Available thermal-noise power = kIB

No matter whether the noise is generated by a thermal
mechanism or by some other mechanism, the total noise at the
output of the receiver is the thermal-noise power obtained
from an ideal receiver multiplied by a factor called the

noise figure. The noise figure, F,, of a receiver is defined
by the equation

23
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with pulse integration, the idealized radar egquation beconmes

P _ Pf(Ae)zgn%
r 4mR4 N2

(2.11)

2. System Losses

There are many sources of power loss in the echo,
and these losses reduce the energy of both th2 transmitted
and the received signals. The overall loss is called the
system loss and is the sum of all the losses. If the effect
of the system 1loss is included in the radar eguation, the
equation will give more accurate picture of practical
achievable ranges. A system loss factor, Ls, is replaced in
the denominator of ey. 2.11, giving

.. Pr(A, 1267 n Y4 212
r = 4mr¥NLs (2-12)

where

Ls = system loss (greater than unity)

Ataospheric attenuation of the echo can be approximated from
Fig. 2.2 [Ref. 3].

B. HMINIHMUH SIGNAL DETECTION

Noise is the important factor limiting receiver sensi-
tivity. It is unwanted electromagnetic energy which inter-
feres with the ability of the receiver to detact the echo. o
It may originate within the receiver itself, or it may enter i,
via the receiving antenna along with the echo. If the radar TTT
were to operate in a perfectly noise-free environment so :
that no external sources of noise accompanied the echo, and
if the receiver itself were so perfect that it did not

22 <y
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The improvement with an ideal integrator would be n; 2
howvever, actual practice gives something 1less than 1

[Ref. 1], and Fig. 2.1 shows the signal improvement factor
versus several n, number of pulses

According to FPig. 2.1, the data fall midway between Vn and n
on a log plot. A good design approximation woull be [Ref. 2]

{ 3
log (nE;) E'(qun + loqnyz) = 4—qun (2.9)
or
aE; = n% (2.10)
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1. Integration of Radar Pulses

The process of summing all the radar echo pulses for
the purpose of improving detection is called "integration®.
In any radar system, the transmitter emits many pulses
during the time the antenna is pointing at a target, and
many echoes are received. The succession of pulses trans-
mitted and received is called "a pulse train". If the energy
in the echoes from the single pulses in a train is added,
the integrated value should be the sum of all the signals in
the train. Integration before the detection is called
"predetection”, or "coherent", integration. The integration
after the detector is called "rostdetector", or "noncohe-
rent”, integration. In predetection integration, the signals
must be stored and added in phase before detection.

If n pulses, all of the same signal-to-noise ratio,
were integrated by an ideal integrator, the resultant
signal-to-noise (power) ratio would be exactly n times that
of a single pulse. If the same n pulses were iantegrated by
an ideal postdetection integrator, the resultant signal-to-
noise ratio would be 1less than n times that of a single
pulse. This loss in integration efficiency is caused by the
nonlinear action of the second detector, which converts some
of the signal energy to noise energy in thke rectification
process. The improvement in the signal-to-noise ratio when n
pulses are integrated is nEj, which is given by

(SIN);
ng; = ——— (2.8)
(SINIp
vhere .
n = number of pulses integrated
(s/®m, = value of signal-to-noise ratio of a single pulse
(S/NL' = value of signal-to-noise ratio of n pulses

20
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section 6. Thus, the power density of the target echo at the
radar is given by

PG &
P density of ech ignal at radar = 2.3
ower density cho S1g 4—7’_'5? 4—7-7_—,;2 ( )

If the effective area of the receiving antenna is denoted
A,, the pover P, received by the radar is

o - PG & . _P164E 2.4)
r 4mTR2 amRrR2 ¢ (am)2R4 :

Antenna theory gives the relationship between the transmit-
ting gain and the effective receiving area of an antenna as

4TTAe
N2 (2.5)

The relationship between the effective area and actual
antenna area is

Ae = A)o (2.6)
wvhere

f = antenna efficiency

A = antenna area

Therefore,
- Pr(A.)2 6 (2.7)
r 4T Ne R4 )

This is an idealized expressicn and does not account for
losses or the cumulative effect of multiple pulses returning
to the receiver.
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II. TARGEI DETECTION AND MISSILE GUIDANCE

e

In order to make a comparison between the capabilities ﬁt;

of the various naval missile systems, some fundamental radar 'f\

concepts and egquations and missile guidance and navigation &f

concepts must be presented. Eﬁi

S

A. THE RADAR RANGE EQUATION r

An isentropic antenna is one that radiates power in all T

directions equally. If the pover of the radar transmitter AN

is denoted by P, , the power density (watts per unit area) at fjﬁ

a distance R from the radar is egual to the transmitter .

power divided by the surface area uﬁRz of an imaginary ki?

sphere of radius R, or kﬁg
Power demnsity £ i tropi ntenna Pt 2.1

ow nsi rom isentropic a na = -—5 . TS

Y P 4mR2 (2.1)

Since radars employ directive antenna to direct the radiated e

power P, into some particular direction, the gain G of an i

antenna is a ratio of the increased power froam a directive S:u

)

antenna as compared to that of an isentropic antenna. }:{;

Therefore, the power density from a directive antenna can be }jﬁ

expressed as o

: s P16 A

Pover density from directive antenna = > (2.2) Ry

4R A

This is the power demnsity which arrives at the target at the f-f

range R. The measure of the amount of incident power inter- ﬁ{ﬁ

cepted by the target and reradiated back in the direction of fﬁi

the monostatic radar receiver is denoted as the radar cross o

i.'._:

R

1 8 .:::::.

e
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I. INTRODUCTION

The world's shipborne surface-to-air missiles (SAMs) can
be divided into three distinct classes; the long-range
missiles, the medium-range missiles, and the short-range/
very short range missiles. However, in other circumstances
the SAMs might be divided into two types of defense systenms;
the area defense system and the point defense system.

In general, the SaMs are a powerful weapon both in
offensive and defensive tactics. The major reason for using
a shipborne surface-to-air missile is to kill aerial targets
prior to their attack. The latest event in which SAMs were
used is the Falklands Conflict - the "classic" limited war -
between England and Argentina in the South Atlantic in the
Spring of 1982. Several types of Royal Navy SAMs were used
against low flying Argentinian aircraft and missiles. Most

. modern ships have been fitted with either long range and

medium range missiles, long range and short range missiles,
or medium range and short range missiles, depending upon the
ship class. This thesis examine the capabilities of the SAMs
of the U.S. Navy, the French Navy, the Royal Navy, the
Italian Navy, the Israeli Navy, the Canadian Navy, and the
Soviet Navy. The examination consists of determining the
physical description of each systen, the propulsion
features, the warhead features, the target detection and
tracking features, the missile guidance and navigation
features, and the performance or system effectiveness. The
examination is based totally on unclassified information
that has appeared in several publications, such as Jane's,
Aviation Week &€ Space Technology, and the Naval Imnstitute
Press.
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fgj signal-to-noise ratio of a ideal receiver are given in Fig.
- 2.4 [Ref. 11].
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N 3. Example

The minimum signal power that can be detected can be
calculated from eg. 2.16

- For X-band (10 GHz) , B = 1 MHz

e Foc F, = 4.9 dB = 3.09 (from figure 2.3)
>

::j: 26
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Assume:

A probability of detection of 0.9, and a false alarm rate
of 1 in 15 minutes (one pulse above the signal threshold in
(15) (60) (100000) cycles). Using these numbers to enter Fig.

2.4, the signal-to-noise ratio, (S, /N can read fron

°)min
this figure
(S,/No)min = 14.7 4B = 29.51

kTo = 4X10 W/Hz2
From eq. 2.16

=13

S = 3.65X10 watts.

min

C. HAXIMUM RADAR RANGE

From eg. 2.11

2
Py (A 6 n V4

4VR4:X2LS

B, = (2.17)

For the minimum detectable signal, S the range is Rpy,..

min*
Solving eq. 2.11 for Rmax’glves

Ya
Rmax = P46 0% (2. 18)
max 4T M\4Ls Smin :

This final equation will be used throughout the calcula-
tion for radar range in this paper. Finally, table 1 and
table 2 contain the nomenclature for the frequency band
designation. This thesis will use the frequency from both
tables to consider the radar horizon systenm.
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TABLE 1
Standard Radar-frequency Letter-band Nomenclature

3 Band Nominal Specific radiolocation
design- frequency (radar) bands based on
ation range ITU assignments for regionm 2
BF 3-30 MHz
VHF 30-300 MHz 138-144 NHz
216-225
URF 300-1000 MHz 420-450 MHz s
L 1000-2000 MHz 131521400 HEz
s 2000-4000 MHz 2300-2500 MHz
2700-3700 ]
c 4000-8000 MHz  5250-5925 MHz i
X 8000-12,000 MHz 8500-10,680 HHz v
K, 12-18 GHz 13.4-14 GHz —
15.7-17.7 ““:"‘
K 18-27 GHz 24.05-24.25 GHz ,1
Kq 27-40 GHz 33.4-36 GHz R
am 40-300 GHz
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TABLE 2

New System Covering a W

Theaus has led in Int;oducingdUnilaterally

er Range

Approx
frequency

10-30 MHZ
VHF 30-100 MHZ
100-300 MHZ
300-500 MHz
0.5-1 GHz
1-2 GHz

2-3 GHz

3-4 GHz

4-6 GHz

6-8 GHz
8-10 GHz
10-29 GHz
20-40 GHz
40-60 GHz
60-100 GHz

U 0O W >

X R U H MO "™

1. BRadar Horizon

Radar signal is an

in straight lines.

detected if is in line-of-sight.

it is below
at height
simple geometry. The
3450 nmi.
(assuming a factor of

visible if

— radar

hl to

4/3 due
- earth, the distance to the radar horizon is

Approx
wavelength

3-1n
100-60 cm
60-30 cm
30-15 ¢cm
15-10 cm
10-7.5 cm
7.55 cnm
5-3.75 cn
3.75-3 cn
30-15 nn
15-7.5 mm
7.5 -5 mm
5-3 na

electromagnetic wave

This implies that

That
horizon.

hcrizon may be jetermined by
radius of the earth
The radar earth's radius is 4/3X3450 = 4600 nmi,
With this

29

a target

to> refraction).
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and travels
can only be
it will not be

The distarnce from a

is approximately
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: a=1.23% (2.19)

. where

. d is in nautical miles

E h; is in feet -

I The distance computed from eg. 2.19 is approximately 16

pecrcent more than the true distance, or optical, bhorizon
[Ref. 4]. If the target is at a height hz, the maximun
range at which it can be detected is

Rmax": 1.23(Jh, + J‘h‘z') (2. 20)
i Exanmple:
- Given:

d = horizon distance
. h; = radar height above sea level = 16.4 ft (5 m)
i Rmax = 24.84 nmi (46 km)
From egq. 2.19;

d = 4.98 nmi (9225 m)
i From eq. 2.20;

h2 = 260.62 £t (79.44 m)

Figure 2.5 shows a plot of the maximum radar horizon

range, R versus the target height above sea level, hz,

'
J for a g?::g radar height, h,. It also shows the maximum
. range of the radar, Rmax' based upon the strength of the
echo. The intercept zone of the missile is indicated in the
figure based upon the given minimum and maximum target range

) and altitude.
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In Fig. 2.5;
m,,07 is the missile minimum range and altitude
'2"5 is the missile maximum range and altitule
h, is the tracking radar height above sea level
hz is the minimum target height above sea level
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Figure 2,5, The Maximum Radar Range and_ the Maximum
and Minimum Missile Range vs Tafget Altitude.
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D. TYPES OF MISSILE GUIDANCE
Missile guidance may be divided into 4 types. [Ref. 5]

1. command Guidance

Command guided missiles are missiles whose guidance
instructions or commands come from sources outside the
missile. Pig. 2.6 illustrates one example of a command
guidance system. In this type of guidance, a tracking system
that is separated from the missile is used to track both the
missile and the target. The tracking system may consist of
twvo separate tracking units, one for the missile and one for
the aircraft, or it may consist of one tracking unit that
tracks both vehicles. The tracking can be accomplished using
radar, optical, laser, or infrared system. A radar beacon or
infrared flare on the tail of the wmissile can be used to
provide information to the tracking system on the location
of the missile. The target and missile ranges, elevations,
and bearings are continuously fed to a computar. Using the
position and position rate information, the computer deter-
mines the flight path the missile should be take that will
result in a collision with the aircraft. It compares this
computed flight path with the rredicted flight path of the
missile based on current tracking information and determines
the correction signals required to move the missile control
surfaces to change the current flight path to the new one.
These signals are the command guidance and are sent to the

missile receiver via either the missile tracking system, or
a separate command 1link, such as a radio, or it can be sent
along a wire between the launching platform and the missile.

Besides steering instructions, the command link may |
be required to transfer other instructions to the missile,
such as fuze arming, receiver gain setting, and warhead
detonation. The specific path along which th2 @missile is
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navigated is determined by the type of guidance law used by ;'ZE::
the system. A particular type of command guidance and navi- :
gation where the missile is command to always lie on the f-
lipe-of-sight between the aircraft tracking unit and the ‘,'.:::1
aircraft is known as command to 1line-of-sight (CLOS) or EI:Z:
3-point guidance. This particular type of guidance is sonme-
times mistakenly called beas-rider guidance. Command
guidance is used mostly with short range missile systens o
because of the relatively large tracking errors that occur .
at long ranmnge. :
r ’/' RN
l\I‘R\l X
AL
i SR . P L
MISSILE MISSILE TARGET TRACKING COMPUTER SYSTEM N
TRACKING LAUNCHER SYSTeM sl
AND DATA LINK %
SYSTEM o
Figure 2.6 A Type Command Guidance Systea. .:_;:I
;*Z-.
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2. Beam-Rider Guidance

In the beam-rider type of guidance, illustrated in
Fig. 2.7, the aircraft is tracked by an electromagnetic beam
transnitted by a tracking system off-board of the missile.

TARGET
TRACKING

~ ING AND
& GUIDANCE RADAR TRACK

GUIDANCE BEAM
BOOSTER

SEPARATION
POINT

== BEAM-RIDER MISSILE-BOOSTER
COMBINATION

MISSILE

Figure 2.7 A Single Beam Beam-Rider Missile Systea.

The guidance equipment on-board the missile includes a rear-
ward facing antenna that senses the target tracking beanm.
Steering signals that are based on the position of the
missile with respect to the center (or the scanning axis) of
the target tracking beam are computed on-board and sent to
the control surfaces. These correction signals produce
control surface nmovenments intended to keep thz missile as
nearly as possible in the center of the target tracking
beam. The missile can thus be said to ride the beam; it is
not see the target. There is manually a wider, 1lower power
beam used to capture the aissile shortly after it's
launched. The beam the missile rides can either track the
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aircraft directly, or a computer can be used to predict the
direction the missile beam should be pointing to effect an
eventual collision of the missile with the aircraft. In
this situation, a separate tracker is required to track the
target, as shown in Fig. 2.8

TARGET COURSE .

<. g TARGET
-— e;;;_::',z- M oo v L —%g_-‘
\\ < = \*(s
\ . \ v .

\
|
|
|
l

!

! ¥ TARGET

TRACKING
MISSILE GUIDANCE BEAM BEAM

CONTAINING CONTROL SIGNALS

R
COMPUTER LOCATED S
MISSILE INSIDE SUPERSTRUCTURE L
GUIDANCE RADAR R

Pigure 2.8 A Dual Beam Beam-Rider Missile Systen.

The beam-rider missile guidance system has both

advantages and disadvantages. It permits the launching of
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large number of missile into the same <control or target
tracking beam, since all of the guidance =aquipment 1is
carried in the missile. This, however, makes each missile
relatively large and expensive. Furthermore, the tracking
beam must be reasonably narrow to insure an intercept, and
the chance of loss of the missile through target maneuvering
and evasion 1is increased. The problem of large tracking
error for 1long range targets usually restricts beam-rider
missile to short range.

3. oming

The expression homing guidance is used to describe a ]
nissile guidance system that can determine the position of ‘fﬁ
the aircraft and can formulate its own commands to guide .fﬁ
itself to the aircraft. With homing guidance, the tracking RN
error is usually reduced as the missile approaches the
aircraft. There are three major types of homing systems:

active, semi-active, and passive.

a. Active ey

If the aircraft is tracked by electronic radia- Ny
tion equipment in the missile, the system is referred to as —

active.

An example is a system that uses a radar trans- iii
mitter located on the missile to illuminate the aircraft, S
and then uses the radar reflections from the aircraft for >
guidance. A major advantage of active homing is the fact e
that the missile can be launched and forgotten by the opera-
tional wunit. No further tracking is required. This is %LQ

A

referred to as fire-and-forget or launch-and-leave. -
Disadvantages of active homing are the additional weight and B

Py )

s
s
'

17
‘ "L’l ..;':-".”.“ '_'_"

expense for each missile and the fact that the radiation

from the missile can reveal its presence.
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Rel:kg‘c\:‘m \ TARGET
SIGNALS \ \
N

\\\\ RADAR WAVES

\ FROM MISSILE
> MISSILE

Wttty

Figure 2.9 Active Homing.

b. Semi-active

If the aircraft is illuminated by a trackiang
beam from some source not on the missile, and if the beanm
reflections from the aircraft in the direction of the
missile are used by the missile for guidance, the system is
referred to as a sepmi-active homing (SAH) system. The
missile may also require direct illumination from the illu-
minator on to a rearward facing receiver to use in the
processing of the reflected signal from the tarjet.

With this type of guidance, the aircraft may
know it's being tracked, but it does not know if a missile
is on the way. A SAH missile may or may not require
continual target illumination. This type of guidance has
progressed from a requirement far continuous illuminator per
tacrget to a system with a single illuminator that can track
and illuminate several targets on a time-share basis. Thus,
the missile receives the reflected illumination periodi-
cally. This is referred to as sample-data SAH.
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Pigure 2.10 Semi-active Homing. E‘%j

c. Passive g

Passive homing systems use electromagnetic emis- :ﬁb
sions or natural reflections from the aircraft itself for
guidance. One example is an infrared homing guidance systen
which homes in (closes) on the heat generated by the
aircraft. Another is the anti-radiation missile that honmes

in on radar navigaticn or fire control signals or on jamming

Lol oadenbinidasdossid,

signals from electronic countermeasure egquipment in the
aircraft.

- l’t'»’d-"'l
‘A““‘ ‘Lt

4. Retransmission Guidance

This type of guidance, also known as track-via-

!

A bbb ndnd et

missile (TVM), 1is the latest technique to be used to direct
missiles toward air targets. An illustration of TVM is given
in Fig. 2.12. Typically, a radar tracking system tracks both

the target and the missile, as in command guidance. However, -

3
7

IV Er)

in TVM the target tracking beam also serves as a target

. W
-'l t

illuminator, and a receiver cn the @nissile detects the

¢
L.
s e

; .
'ala

reflected illumination, as in semi-active homing guidance.
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\\\\
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Figure 2.11 Passive Homing.

REFLECTED RADAR SICNAL
{ SENSED BY THE NISSILE )

T0-wAY
DATA LINK

MISSILE
TRACKING BEAM

Figure 2,12 A Retransmission (TVM) Guidance Systen.

The information on the relative target angular posi-

tion gathered by the missile is relayed to a control unit.

39

A
<
~
.,“.V

- e - SR e
- . - . . - - - Ct . - IR T . . . - - 'V. b . . - . - g Vet -‘ .\..‘- -,
R S T AT P S S R A P P U B It B S U G S I AP . WG, U S S W




RDS FRA bl i S Sr AR SN e S L U S L M s e b e e S s Shac-Ba fhety S n e M0 oy b el Ar L S 2 i rves 0 S 4
RO S . . e T N B R Y i L

The missile is of tandem, two-staje design with a cylin-
drical body and ogival nose. The booster 1is of a larger
diameter than the main body and has cruciform fins indexed
in line with the missile tail ccntrol surfaces which in turn
lie immediately to the rear of the missile wings. Guidance
is provided either by a beam-riding system or a semi-active
radar homing. The missile is launched from an electrically-
operated, renotely-controlled, twin (dual) arm Mk 10

launcher.

1. Physical Description

Dimensions. [Ref. 14]
Length:

RIM-2A 14 £t 10 in (4.52 m)
24 £t 1 in (8.25 m) with booster

RIM-2F 14 ft 9 in (4.5 m)
26 ft 2 in (7.98 m) with booster

Span:
RIM-2A 46 in (1.17 m)
RIM-2F 42 in (1.07 m)
Diameter: 13.5 in (34.3 cm)
Systeas.
Launchers: [Ref. 7], [Ref. 14]

A twin (dual) arm launcher.
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Figure 3.1 Comparison of Tartar Missile
and SPG-51 Tracking Radar.

B. TERRIER (RIN-25)

Terrier has the classification, RIM-2A, RIMN-2E, RIM-2F,
and BIM-2D (nuclear warhead). Terrier 1is no longer
production but is still in service. It is gradually being
replaced by SM1-ER and SM2. Current systems are visually
of
wiag planform from the original cropped-delta shape to the

distinguishable from the early versions by the change

current strake-like outline.
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Minimum/Maximum Range: [Ref. 8: p. 275], [Ref. 17:
p- 52]

min. 16,000 -~ max. 40,000 m
Minimuam/Maximum Altitude: [Ref. 17: p. 52]
984 - 40,000 £t (300 - 12,000 m)
Target Maneuverability:
no information available
Target Destructibility: [Ref. 8]
Single Shot Kill Prcbability, Pkss = 0.85

Tartar vs SPG-51
Tracking in C-band (6 3Hz), A= 0.05 m
Antenna diameter, d = 2.44 m
Antenna area, A = U4.67 sq.m
Assune:
Receiver bandwidth, B = 1 MHz
2.88 (from fig. 2.3)

Noise fiqure, F = 4.6 4B

(So/Ng).. = .7 dB = 29.51 i3

From equation 2.16; Sp;, = 3.4X10 vatts
Assune:

For an antenna efficiency, f = 0.85, A, = 3.97

sg.m

For target cross section 1 sq.m, n = 30, and
Ls = 20
Average power = 5 KW

From equation 2. 18; Rmax = 46 km

Fig. 3.1 shows the maximum radar range and the

maximum and minimum missile range varsus target
altitude.
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Explosive Type: [Ref. 16]

High Explosive (HE) warhead with H-6 main charge

4. Target Detection, Tracking, and Missile Guidance

Tartar is a medium range, supersonic, surface-to-
air, shipborne guided missile system. The missile utilizes
semi-active radar homing guidance system and the propor-
tional navigation law. Incoming targets are designated to
the computer system by the SPS-52 3-D long range radar. The
Tartar semi-active missile guidance requires target velocity
(i.e. doppler) data as well as direction passed via the fire
control system. The SPG-51 tracks the target wusing C-band
pulse doppler. The missile is fired toward the target, and
ultimately steers itself toward the energy reflected by the
target. The target is illuminated by the SPG-51 X-band
radar. The missile obtains its Joppler information by
comparing the target reflected team with a beam transmitted
directly by the SPG-51 radar; i.e., from frequency in X-band
continuous wave. The target and missile are tracked by the
SPG-51 which combines the feed system in the same 8-ft dish.

Type of Guidance: [Ref. 15]
Semi-active Radar Hcming (SARH)
Type of Navigation:

Proportional Navigation

5. Performance

i e o i e

Speed: [Ref. 14]

Mach 2.8
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Type of Warhead: [Ref. 16]
Fragmentation Warhead

Weight of Warhead: [Ref. 6: p. 275] 1
]
117 1b (53.2 kg) for RIM-24A .
130 1b (54.5 kg) for RIM-24B LG
Fuze System: [Ref. 7], [Ref. 14] ;“
-
Direct Action (DA) and Proximity Fuze fﬁ
Damaga Mechanism: ;a
a large number of fragments ;j
=
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ription:The SPG-51 is a C/X-band tracking
and illumipating radar. It is part of the Mk
74 Gun/Missile Fire Control Systens
{Ref. 13: pp. 178-179]. The antenna is a
parabolic dish with an 8 ft diameter.
Tracking is by C-band pulse doppler and
target illumination is by X-band continuous
wave. The C/X-band combined feed systen
allows the advantage of using a single high-

gain antenna.
eight. [Ref. 14]

5 1b (646 kg)

2. Propulsion
Dual thrust, single solid propellant rocket
motor. (1xMk 27 Mod 2, 3, Dual thrust, Dual

gain

3. Harhead

rocket, PU/AP motor). [Ref. 143, [Ref. 15]

Section

vt PRSI MR

NS . IR

] o PR AR
Py a »

oA
ey

e ]_w'.'

'Y




——— e —_— -—‘!"'- g MM g

LI e s s i g

- e Ve W T W il - - W g St L S s A Dl srach b e o st o

R R e L T R R TR e e T

Tartar and 1 single arm Mk 13 Mod O
launcher with a magazine capacity for
40 Tartar missiles.S

4. 4 Coontz Class (DDG) 1 Tartar.®

5. 4 Kidd Class (DDG) 2x2 Tartar
missile.?

6. 6 Brooke Class (DD) with 1 single arm
Mk 22 Mod 0 launcher with a magazine
capacity for 16 Tartar missiles.®

7. 4 Converted Forrest Shermam Class
with 1 single arm Mk 13 Mod 1
launcher with a magazine capacity for
40 Tartar missiles.

The Tartar's console:

Guided Missile launcher Systems (GMLS) Mk 26
fire control receives command fronm
Gun/Missile Fire Control (GMFC) Mk 74.

Types of radar required for Tartar missile:
Surveillance radar.

Type: AN/SPS-52 3-D long range radar.
Tracking radar.

Type: AN/SPG-51D tracking/illuminating
radar.

. STartar missile had been replaced by the Standard SM1-MR
missile.

6Replaced by 1 single arm Mk 13 launcher with a magazine
capac§t§ for QOyStanéagé SM1-MR miss%les. J

.. 7Replaced by 1/Mk26 Mod 0, and 1/4k26 Mod 1, launchers N
with a magazine capacity for 52 Standard SM 1-MR'missiles. o

8Tartar missile had been replaced by the Standard SM1-MR
missife. E Y D
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action (DA) and proximity fuze. The Tartar wmissile is no
longer in production and is being replaced by the Standard
SM1-MR missile.

1. Physical Description

Dimensions. [Ref. 7]
Length: 15.0 £t (4.6 m)
Diameter: 1.13 £t (343.0 nm)
Wing Span:3.5 ft (1.06 m)
Systesas.
Launchers: [Ref. 8], [Ref. 9]
A twin (dual) arm launcher.

The US ships fitted with the Tartar missile
are: [Ref. 10], [Ref. 11], [Ref. 12]

1. 2 Califcrnia Class (CGN) with 2
single arm Mk 13 launchers with a
magazine capacity for 80 Tartar
missiles. (2x1 Tartar).3

2. 3 Virginia Class (CGN) with 2 twin
(dual) arm Mk 26 launchers with a
magazine capacity for 68 Tartar
missiles. (2x2 Tartar).*

3. 23 Charles F. Adam Class (DDG) with 1
twin ({dual) arm Mk 11 Mod 0 launchers
with a magazine capacity for 42

3Replaced by 2 single arm Mk 13 Mod 3 launchers with a
magazine capacity forf 80 Standard SM1-ME missiles.
{Ref. 12: p. b24]

: ‘Replaged b; 2/Mk26 twin (dual) arm, launchers §1/nod 1
fwd, 1/Mod Q0 aft) with a magazine capacity for 68 Standard
SM1-MR missiles.
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The surface-to-air missiles in the US Navy are:
1. TARTAR Missile.l

2. TERRIER (RIM-2s) Missile.?

3. STANDARD SM1-MR (RIM-66B) Missile.

4., STANDARD SM1-ER (RIM-67A) Missile.

5. STANDARD SM2-MR (RIM-66C) Missile.

6. STANDARD SM2-ERK (RIM-67C) Missile.

7. RAM (Rolling Airframe Missile).

8. SEMA SPARROW/NATO SEA SPAKROW Missile.

9. SEA CHAPARREL Missile.

A. TARTAR

The Tartar missile is a medium-range missile and is
still in widespread service in NATO navies and elsewhere,
providing primary air defence for ships of destroyer size
and secondary defence for some large vessels. The Tartar
missile utilizes a fully automatic magazine handling and
loading system with an electrically-driven, remotely-
commanded, twin (dual) arm Mk 11 or Mk 26 launcher. Also,
it can be fired from a single arm Mk 13 or Mk 22 launcher.

Guidance is by semi-active radar homing with the propor-
tional navigation guidance system.

The Tartar missile has a cylindrical body with an ogival
nose and lon: narrow cruciform fixed wings almost touching
the wider tail control surfaces. It has a 646 kg launch

L PR N
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weight and carries 53.2 kg fragmentation warhead with direct

s

. 1Tartar missile will be reglaced by the Standard SM-MR
missile. [Ref. 6: p. 230]

-
prean

. 2Terrier missile will be replaced by the Standard SM-ER
missile. [Ref. 6: p. 228)
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determine the appropriate steering commands to drive the

missile back to the target tracking line. These commands are
then relayed to the missile over a data link, such as a wire
or radio.

4. Proportional Navigation

The most common method for <changing the nmissile
heading to cause a target intercept is proportional naviga-
tion or pro nav. In order to do proportional navigation, the
guidance system must be able tc determine the time rate of
change of the LOS between the missile and the target, as
illustrated in Fig. 2.16 This can be accomplished by equip-
ment located on the missile or on the ground. When ground-
vpased equipment is used, the location of both the missile
and the target must be determined. In proportional naviga-
tion, the guidance system attempts to maintain an essen-
tially constant LOS angle, and hence cause a collision, by
making the rate of change of the missile heading directly
proportional to the rate of change of the LOS.

4y




3. Command to Line-of

Sight

| In the CLOS, the missile is constantly being steered

to 1lie on the 1line between thw target tracker and the

target, as shown in Fig. 2.15; thus the alternate name
3-point guidance. This type of trajectory is typically used
I only in short range missile systems.

-» JE;lﬂﬂihh-

= Figure 2.15 Command to Line-of-Sight. s
E An example of a CLOS system is one 1in which the o
:: target is tracked visuvally, using optics, and the missile is ;53;
E tracked by a sensor at the tracker that observes the off- T?j
Q axis position of flare located on the tail of the missile.

E The amount of offset of the missile from the LOS from the

’.

-

tracker to the target is used by the guidance system to
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2. lead Angl

-_—— ekl

In the 1lead angle or constant bearing trajectory,

shown in Fig. 2.14, the guidance system flies the missile
along a lead trajectory that results in an eventual inter-

cept with the aircraft.

i

Figure 2.14 lead Angle.

For constant-speed, non-maneuvering aircraft, the
line-of-sight between the missile and the aircraft remains

at a constant angle, and the missile flies a straight line
trajectory. This is often referred to as a colli-ion course.
If the aircraft changes direction, the new lead angle
required for a collision is determined, based on an assumed ﬁfq
straight line target flight path, aad the missile is maneu- N
vered to that new heading.
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Figure 2.13 Pursuit Guidance Lavw.

flight. At this tinme, the missile must overtake the
aircraft. If the aircraft attempts to evade, the last-minute

RO A RV

angular acceleration requirements placed on the missile
could exceed its aerodynamic <capability, thereby causing a
large miss distance. Near the end of the flight, the missile
is usually coasting because the booster and sustainer motor
thrusts 1last for only a short part of the flight.
Consequently, more energy is required to make short radius,
high speed turns at a time when the missile is losing speed X
and has the least turning capability. The most favorable i
application of the pursuit course is against slow moving Z;
aiccraft, or for missile launched from a point directly to N
the rear of the aircraft, or head on an incoming aircraft.




Guidance equipment at the control unit processes the echo
received from the missile and determines appropriate
guidance commands, which are then sent to the missile on a
data link. The tracking system usually has the capability to
track several targets at one time, and the control system
can direct several simultaneous engagements between missiles
and aircraft.

E. GUIDANCE LAW SELECTION

The guidance law for a missile is the analytical formu-
lation used by the guidance system to convert sensed target
information into missile steering commands. Four general
guidance 1laws are 1in use, and each will be discussed.
[Ref. 5]

1. Pursuit Guidance

2. Lead Angle (Constant Bearing Guidance)
3. Command to Line-of-Sight
4. Proportional Navigation

1. Pursuit

In the pursuit trajectory, illustrated in Fig. 2.13,
the missile flies directly toward the target at all times.
Thus, the line-of-sight between the missile and the aircraft
is maintained essentially along the heading of the missile
by the guidance system. Missiles flying a pursuit course
usually end up in a tail chase situation.

There are two basic objections to the pursuit
method. First, the maneuvers required of the missile beconme
increasingly hard during the last, and critical, stages of
flight. Second, the missile speed must be considerably
greater than aircraft speed. The sharpest curvature of the
missile flight path usually occurs near the end of the
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The DS ships fitted with the Terrier missile

are: [Ref. 11], [Ref. 12]
1. 4 Kitty Hawk Class with 2 twin (dual)
arm Mk 10 launchers with a magazine

capacity for 80 Terrier missiles.®
2. 1 Truxtun Class with 1 twin (dual)
arm Mk 10 launcher with a magazine

.y
o

q capacity for 60 Terrier missiles.19

] 3. 1 Bainbridge Class (CGN) with 2 twin
(dual) arm Mk 10 Mod 5/6 launchers
with a magazine capacity for 80

Terrier missiles.11
4. 1 Long Beach Class (CGN) with 2 twin
(dual) arm Mk 10 Mod 1/2 launchers

with a magazine <capacity for 120 .

Terrier missiles.12 Qf

5. 9 Leahy Class (CG) with 2 twin (dual) I

arm Mk 10 Mod 5/6 launchers with a =

magazine capacity for 80 Terrier =

missiles.13 fj

;

-

9In this class the USS Constellation has a Mk 10 Mod 3 >

launcher on the starboard gquarter_and a Mod 4 launcher on -

the port quarter. _She has RIM-2D Terrier systems which will -
be reglaced b 3 NATO Sea Sparrow launchers (Mk 29).

[Ref. 12: p. 18%
. . 10Replaced by 1 twin dual% arm _Mk_10 Mod 8 launcher
with a hagazine capacity for 0 Standard SMI1-ER missiles.
[Ref. 12: p. 78]

l11Terrier missile replaced by Standard SM1-ER missile. g

12Replaced by 2 twin ({dual) ., arm Mk 10 Mod 1/2 launchers N

fgrwgid with a Dagazine capacity for 120 Standard SH1-ER -

missile. ™

L

... 13Replaced by 2 twin (dual arm Mk 10 Mod 5/6 launchers
with a magazine capacity for 80 Standard SM2-ER missiles. =
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6. 9 Belnap Cllass (CG) with 1 twin
(duval) arm Mk 10 ¥od 7 launcher with

a magazine capacity for 60 Terrier “253
missiles.1* :_-:'::::Ej
7. 10 Coontz <Class (DDG) with 1 twin ;{.:-:::
(dual) arm Mk 10 Mod 0 launcher with ;i“
a magazine ca_jacity for 40 Terrier _:i
nissiles.1S ]

The Terrier's console:

Guided Missile launcher Systems (GMLS) Mk 10
receives fire control command from Mk 74 T
Fire Control Systeam.

Types of radar required for the Terrier missile: quﬂ
Surveillance radar.
Type: SPS-43 search radar.

SPS-48 3-D height finding radar.

Tracking radar.

Type: SPG-55 guidance radar.

Description:The SPG-55 1is a C-band monopulse
guidance (track) radar which has a peak
power of 1 MW, a pulse width for transmit of
12, 13, 0.1 microsecond and a pulse width
for Compressed: 0.1, 1, 0.1 microsecond and
with PRF of 427 Hz. The illuminator is oper-

ated in X-band continuous wave. A typical Iffﬂ

SPG-55 consists of a main antenna, a capture %ﬁT

s

T

Ry

. 14Replaced by 1 twin (dual) arm Mk 10 Mod 7 launcher S
with a magazine capacity for 60 Standard SM1-ER missiles. : Qi;;
. 'SReplaced by 1 twin (dual) arm Mk 10 Mod 0 launcher —
with a magazine capacity for 40 Standard SM2~-ER missiles. R
55 e
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antenna for ECCM operation, a cluster horn
antenna, and a Doppler antenna. The radome
has a cassegrain feed system, in which power
is fed from the rear of the main reflector
is reflected off a secondary reflector in
front of the main reflector. The SPG-55 is
also used far the  semi-active type
(Ref. 13]. Doppler tracking employs CW
illuminator signals which are used to
control the semi-active Terrier in flight.
Maximum range in beam-riding mode is 60,000
ft. In beam-riding operation, the missile
is steered into a 1.6X1.6 degree main bean,
vhich nutates about 30 Hz in synchronism
with the capture beam, and when the nutation
axis of the guidance beam coincides with
that of the track beam it is locked onto the
target. In semi-active operation, the 2
X-band beams, which have an average power of
5 KW and a 0.8 x 0.8 degree beam, are radi-
ated in 2 beams; one beam is used to illumi-
nate the target for the missile seeker. The
other beam illuminates the rear of the
missile to estatlish a rear reference signal
for the guidance computer in the missile.

Launch Weight.
2,900 1b (1,315 kg) for RIM-2A [Ref. 14].

3,070 1b (1,390 kg) for RIM-2D,E,F [ Ref. 18: p.
219].
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2. Propulsion
Tandem Integral Rocket Hotor.
Launch: A solid fuel rocket booster.

Cruise: A solid fuel sustainer.

3. ©¥Warhead Section
Type of Warhead: [BRef. 8], [Ref. 16])
Controlled Fragmentation Rarhead
Weight of Warhead: ([Ref. 8: p. 153]
218 1b (99 kg) for RIM-22
275 1b (125 kg) for RIN-2F
Fuze System: [Ref. 14]
Proximity fuze
Damage Mechanism:
a large number of fragments
Explosive Type: [Ref. 16]

Aigh Explosive (HE) warhead with Comp B main

charge

4. ZITarget Detection, Iracking, and Missile Guidance

Terrier 1is a shipborne surface-to-air beam-riding
guidance missile (RIM-23, RIN-2D). A typical control
sequence might be:

1. 1Incoming targets are detected at long range by the
SPS~43 Air Search Radar.
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2. More precise target location by the SPS-30 3-D
Height-finding Radar.
3. As the target comes into range, the target is desig-

nated to the SPG-55. N

oy

The SPG-55 locks on to the target, the launcher is g{

aimed and a missile is fired as soon as the range is v

correct. The SPG-55 beam continually tracks the target. The , e
guidance equipment on-board the missile includes a rearward B
facing antenna that senses the target tracking bean.
Steering signals that are based on the position of the
missile with respect to the <center of the target tracking -
beam are computed by on board tactical data system [Ref. 7:
p- 113] and sent to the tail control surfaces. These correc-
tion signals produce control surfice movements intended to
keep the missile as nearly as possible in the center of the r
beam until the warhead detonates in the vicinity of the :
target.

For RIN-2E, RIM-2F, the semi-active radar homing
missile, the guidance and control section of the missile
tracks a target and directs and stabilizes the @missile on
its course to the target. The guidance system requires The

T P
. B LA
L S

PO AU I 1

guidance system requires a target signal which is trans-
mitted by the guided missile Mk 74 fire control system and -
reflected from the target so that the nmissile's front
receiver keeps on tracking the reflected continuous wave
signal from the target. The missile itself compares these
two signals to determine the new flight path until the end -
of engagement. S

Type of Guidance:

Beam-riding for RIM-2A, D [Ref. 7], [Ref. 14].
Semi-active radar homing (SARH) for RIM-2E, F k&f
[Ref. 18: p. 2191].
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Type of Navigation: E;

no infornation'available :;

=4

.‘:.1

\:ﬂ

5. Performance O

:::j

Speed: ' ]
Mach 1.8 for RIN-2A (Ref. 8] :

Mach 2.5 for RIM-2D, E, F [Ref. 11], [Ref. 18]
f—

Minimum/Maximum Range:

4

max. 12 mi. (19.3 km) for RIM-2A [BRef. 17: p.
53].

max. U46.25 nmi. (74 km) for RIM-2F [Ref. 8: p.
274 1.

Minimam/Maximum Altitude: [Ref. 8: p. 274]

50 - 80,000 £t (15 -24,400 m)
Target Maneuverability: [Ref. 8]

Aircraft at speeds up to 600 mph.

. . : L
. 1 I T e et
. L I T S
e P R I

Target Destructibility: [Ref. 8: p. 165]

A 75 percent kill probability with 2 salvoes
against a 600 kt target with a 60,000 ft range

“;" “'1‘- -‘-".~
e L e

at 40,000 £t altitude.
Terrier vs SPG-55 ij
Beam-riding mode. tﬂ
o .
Beam width = 1.6 X 1.6° :j
= e
Bpmgy = 18 kn =
Semi-active mode. :y
Beam width = 0.8°x 0.8° ~
Tracking in X-band (10 GHz), \ = 0.03 n i

LIRS
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Average power = 5 KW
Assume:
Antenna diameter, 4 = 2.44 n
Antenna area, A = 4.67 sqg.m
Receiver bandwidth, B = 1 MHzZ
Noise figure, F = 4.9 dB = 3.09 (from fig. 2.3)
(So/No)p;y = 147 dB = 29.51

=/
From equation 2.16; S = 3.65x10‘3 watts

min
Assune:
For antenna efficiency,fa = 0.85, A4, = 3.97 sg.n
For target cross section 1 sq.m, n = 30, and

ILs = 20

From equation 2.18; Rmax = 70 km
Fig. 3.2 shows the maximum radar range and the
maximum and minimum missile range versus target

altitude.

C. STANDARD SH1-HR (BIM-66B)

This is the basic development model to replace Improved
Tartar. System comprises Mk 11 twin (dual) arm launcher, Mk
13 single arm launcher, Mk 22 twin (dual) arm launcher, or
Mk 26 twin (dual) arm launcher with a vertical ready-service
magazine containing 40, 40, 16, or 16 missiles respectively,
a computer, an air-search radar, a three-dimensional SPS-48
radar, and two SPG-51 guidance radar. (Ref. 7], [Ref. 19]
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FPigure 3.2 Comparison of Terrier Missile

and SPG-55 Tracking Radar. E'.f-',

e

1. Physical Descriptionms S
ok

Dimensions. [Ref. 7], [Ref. 14]
Length: 176.0 in (4.47 ) ;"::4
Diameter: 13.5 in (343.0 mm) 1

Span: 36.0 in (914.0 am)
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Systeas.
Launchers: [Ref. 19]

A twin (dual) arm launcher and a single arm

launcher.

Both types of launchers are used for
Standard SM1-MR missile are:

1« Mk 11 1is twin (dual) arm 1launcher
with a @magazine capacity for 40
missiles.

2. Mk 13 is single launcher with a maga-
zine capacity for 40 missiles.

3. Mk 22 is twin (dual) arm launcher
with a magazine capacity for 16
missiles.

4. Mk 26 1is twin (dual) arm launcher
with a magazine capacity for 16

missiles.

The US ships fitted with Standard SM1-~-MR
nissiles are: [Ref. 11], [Ref. 12],
[(Ref. 19]

1. & Virginia CTlass (CGN) with two twin
(dual) arm Mk 26 Mod 0/1 launchers
with two wmagazine capacities for
total 68 Standard SM1-ER missiles. 16

2. 2 Califcrnia Class (CGN) with two
single arm Mk 13 Mod 3 launchers with
two magazine capacities for total 80
Standard SM1-MR missiles.

— -——

18standard SM1-MR to be replaced by Standard SM2-MR in
FY 1983 [Ref. 9: p. 623]
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3. 1 Albany Class (CG) with two twin
(dual) arm Mk 11 launchers with two
magazine capacities for total 80
Standard SM1-MR missiles.

4. 4 Kidd Class (DDG) with one twin
(dual) arm Mk 26 Mod 0 launcher with
a magazine capacity for total 18
missiles and one twin (dual) arm Mk
26 Mod 1 launcher with a magazine
capacities for total 34 Standard
SM1-MR missiles.

5. 23 Charles F. Adams Class (DDG) with
one twin (dual) arm Mk 13 launcher
with a magazine capacity for total 40
Standard SM1-MR missiles and one twin
(dual} arm Mk 11 Mod 0 launcher with
a magazine «capacity for total 42
Standard SM1-MR missiles.

6. 4 Decatur Class (DDG) with one twin
(dual) arm Mk 13 launcher with a
magazine capacity for total u0
Standard SM1-MR missiles.

7. 31 pPerry Class (FFG) with one single
Mk 11 Mod 4 launcher with a magazine
capacity for 40 standard SM1-MR
missiles.

8. 6 Brooke Class (DD) with one single
Mk 22 Mod 0 launcher with a magazine
capacity for 16 Standard SM1-MR
missiles.
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The Standard SM1-MR's console: [Ref. 14],
[Ref. 19)

There are 4 types of Guided Missile Launcher
Systems (GMLS): Mk 11, Mk 13, Mk 22, Mk 26
which had commanded fire control from Mk 74
Fire Control Systenm.

Types of radar required for Standard SH1-MR
nissile: [Ref. 19]

Sarveillance.
Type: SPS-48 3-D air search raiar.
Tracking radar.
Type: SPG-51 tracking/illuminating radar.
Description:See Tartar'radar.

Launch Weight: [Ref. 14]

1,280 1b (581 kg)

Propulsion

Dual~-thrust solid-propellant motor ¥k 56 Mod O.
(Ref. 7], [Ref. 15]

Warhead Section

Type of Warhead: [Ref. 16]
Fragmentation Warhead

Weight of Warhead: ([Ref. 8: p. 153]

275 1b (125 kgq)
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Fuze Systems: [Ref. 6: p. 230], [Ref. 7]
Proximity Fuze and contact fuze
Damage Mechanism:
a large number of fragments
Explosive Type: ([Ref. 7]

High Explosive (HE) Warhead with PBXN-101 &
PBXN-106 main charge

4. Target Detection, Iracking, and Missile Guidance.

Standard SM1-MR is medium range surface-to-air
missile. The missile has a communication link for midcourse
guidance and semi-active radar homing for terminal guidance
phase. The incoming targets are detected by the air search
long range radar SPS—-48. The SPS-48 uses multiple beams to
combine long range with a high data rate and multiple-pulse
detection. Finally, the information about the target is
transferred to the Mk 74 fire control systen.

A SPG-51, with C-band pulse doppler radar, tracks
the target in conjunction with X-band continuous wave method
for target illumination. When the missile is launched, the
target and missile ranges, elevations, and bearing are
continuously fed to a computer. During the midcourse phase,
illuminated by the tracking beam from SPG-51, the missile
uses the command link guidance from a computar to determine
the flight path for the missile and compares this coamputed
flight path with the predicted flight path of the missile
based on current tracking information and determines the
correction signals required to move the missile control
surfaces to change the current flight path to the newv one.
In the terminal phase, the missile is switched to the
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seai-active homing and the target track beam serves as the

target illuminator.
Type of Guidance: [Ref. 19]
Semi-active radar hcming (SARH)
Type of Navigation:

no information available

Speed: [Ref. 6: p. 230]
Mach 2.5
Minimum/Maximum Range: [Ref. 14]
max. 19 mi (30.6 km)
Minimum/Maximum Altitude: [Ref. 19]
60 - 80,000 £t (18 - 24,400 m)
Target Maneuverability:
no information available
Target Destructibility:
no information available

SM1-MR vs SPG-51
Tracking in C-band (6 GHz), A = 0.05 m
Antenna diameter, d = 2.44 m
Antenna area, A = 4.67 sg.m

Assune:
Receiver bandwidth, B = 1 MHz
Noise figure, F = 4.6 dB = 2.88 (from fig. 2.3)
(SO/No)min = 4.7 4B = 29.51
From egquation 2.16; S

-3
min = 3.4X10 watts
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Assunme:
For an antenna efficiency, p = 0.85, A, = 3.97
S.m
For target cross section 1 sg.m, n = 30, and
Ls = 20

Average power = 5 KW

From eguation 2.18; Rnox = 46 km
Fig. 3.3 shows the maximum radar range and the
maximum and @inimum missile range versus target

altitude.

D. STANDARD SM1-ER (BIN-67A)

The RIN-67B Standard 1 Extended Range has been out of

production since 1974 and has leen succeeded by the RIM-67C
Standard 2 Extended Range.

1. Physical Description

Dimensions. ([Ref. 14]
Length: 314.0 in (7.98 m)

Diameter: 13.5 in (343.0 mm)

Span: 36.0 in (914.0 nm)
Systeas.
Launchers: [Ref. 19]
A twin (dual) arm launcher. el
ﬂ
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Mk 99, is C-tand (42.4 KW, PRF
10,400-18,100) for target acquisition and
tracking, and X-band CW ililuminator which is
slaved to the SPY-1 phased-array long-range
radar. Also, the illuminator has 10 KW
average power. [Ref. 14]

lLaunch Weight: ({Ref. 15]

2,996 1b (1,359 kg)

2. ropulsion

Launch: 1/8k 12 solid fuel booster.
Cruise: 1/4k 30 solid fuel sustainer.
[Ref. 15]
3. ©¥arhead Section

-
Tyre of Warhead: [Ref. 16] EE
Fragmentation Warhead ;E
Weight of Warhead: tt?
no information available Ei;
Fuze System: [Ref. 6: p. 228], [Ref. 14], [Ref. 20: Ef
p. 1747 .
Active proximity fuze and contact fuze ,;;
Damage Mechanism: éﬁ?
a large number of fragments ::
2
-
! ]
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2. 9 Lleahy Class with one twin Mk 10 Mod
0 launcher with a magazine capacity
for 40 Standard SM2-ER missiles.

3. 10 Coontz Class (DDG) with one twin
Mk 10 Mod 0 launcher with a magazine
capacity for 40 Standard SM2-ER
missiles.

4. 9 Belnap Class (CG) with one twin Mk
10 Mod 7 launcher with a magazine
capacity for 60 Standard SM2-ER
missiles.

5. 4 Ticonderoga Class (CG) with two
twin Mk 26 Mod 1 launchers with two
magazine capacities for total 88
Standard SM2-ER missiles.

The Standard SM2-ER's console: [Ref. 11],
[Ref. 12]

Missile Launching System Mk 10 or Mk 26 Mod
1 receives fire control command from Mk 99
Gun/Missile Fire Control Systeu.

Types of radar required for Standard SM2-ER
missile: [Ref. 14]

Surveillance radar.

Type: SPY-1 phased array radar.

AN/SPS-49 air search railar.
AN/SPS~-55 surface search radar.

Tracking radar.
Type: AN/SPG-63 Dual-channel radar.

Description:The AN/SPG-63 radar, part of the FCS

80 SR
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Pigure 3.5 Comparison of SM2-MR Missile
and SPG->51 Tracking Radar.

The US ships fitted with Standard SM2-ER
missiles are: [Ref. 11], (Ref. 12],
[Ref. 19]
1. 1 Long Beach Class (CGN) with one
twin Mk10 Mod 0 and one twin Mk 10
Mod 1 1launchers with two magazine
capacities for total 120 Standard
SM2-MR missiles.
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Assune:

For an antenna efficiency,.f = 0.85, Ae = 3.97
sq.m

For target cross section 1 sq.m, n = 30, and

s = 20

Average power, Py = 5 KW

From equation 2.18; Rpax = 46 km

Fig. 3.5 shows the maximum radar range and the
maximum and @minimum missile range versus target
altitude.

F. STANDARD SM2-ER (RINM-67B)

The Standard SM2-ER (ER stands for extended range), is
the latest Standard SM model, and it may have a nuclear
warhead option. This system is used in the Aegis missile
cruisers. The missile is a long range, surface-to-air,
shipborne guided missile.

1. PRhysical Description
Dimensions. [Ref. 14]
Length: 314.0 in (7.98 m)
Diameter: 13.5 in (343.0 mm)
Span: 36.0 in (S14.0 am)
Systeas.
Launchers: [ﬁef. 19]

A twin (dual) arm launcher.
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Speed: [Ref. 6: p. 230)
Mach 2.5
Minimum/Maximum Range: [Ref. 14]
max. 30 mi (48.3 km)
Minimam/Maximum Altitude: [Ref. 19]
150 - 60,000 ft (45 - 18,000 m)
Target Maneuverability:
no information available
Target Destructibility:
no information available

SH2-8BR vs SPG-51
Tracking in C-band (6 3Hz), }.= 0.05 m
Antenna diameter, 4 = 2.44 m
Antenna area, A = 4.67 sqg.m
Assume:
Receiver bandwidth, B = 1 MHz
Noise figqgure, F = 4.6 dB = 2.88 (from fig. 2.3)
(So/Ny) = 14.7 dB = 29.51

min -3 .
From equation 2.16; S = 3.4X10 watts

min
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Type of Guidance: [Ref. 7], [Ref. 14], [Ref. 19] %
Semi-active radar homing, with midcourse ”
guidance capability, inertial reference, and -
improved ECCH. -
Type of Navigation: ([Ref. 7]
Inertial Navigation. .
5. Performance -
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Damage Mechanisnm:
Fragments
Explosive type: [Ref. 16]

High Explosive (HE) Warhead with PBXN-101 ¢
PBXN-106 main charge.

4. Target Detection, Tracking, and Missile Guidance

Standard SM2-MR is a medium range shipborne surface-

to-air missile. The missile uses a combination of midcourse
guidance and terminal semi-active radar homing guidance. The
engagement event begins when target designation is provided
by SPS-48 3-D search radar or by SPS-55 surface search
radar. These 1inputs are processed by the Aegis system to
determine the possibility of engaging the target and then
coamands are generated for the launcher. The Aegis systen
commands the SPG-51 tracking radar to track and lock on the
target, and the Standard SM2-MR missile to fly into engage-
ment range.

During the midcourse guidance phase, Standard SM2-MR
operates as a command-guided missile by the Aegis systenm.
The system determines the flight path for the missile and
coapares this computed flight path with the predicted flight
path of the missile based on current tracking information,
thus obtaining the signals required to move the cruci-
formwing to <change the current flight path to the new one
until the terminal guidance phase is reached.

The terminal guidance phase is semi-~active radar
homing (SARH) durinyg which the missile obtains its informa-
tion by a new nonopulse receiver. At the design distance
the fragmentation warhead will be detonated by the active
proximity fuze.
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Types of radar required for Standard SM2-MR
missile: [Ref. 7], [Ref. 12], [Ref. 14]

Surveillance radar.

Type: SPS-48 3-D search radar.
SPS-55 surface search radar.

Tracking radar.

Type: SPG-51 Tartar/Standard SM-MP

illumination/tracking radar.
Description:SPG-51 (see Tartar's radar)
Launch Weight. [Ref. 14]

1,280 1b (581 kg)

2. Propulsion

Launch: Dual-thrust integral rocket-ramjet
solid propellant booster.
Cruise: Ramjet fluid-fuel Shelldyne-H, a

high density, liguii hydrogen.
(Ref. 9]

3. Farhead Section

3 BRI

i

Type of Warhead: ([Ref. 16]

Fragmentation Warhead

e e
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Weight of Warhead:

»
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no information available

2

-7, -" o

[

Fuze System: ([Ref. 6: p. 230], [Ref. 20: p. 174]

s 'y

EON
[d
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Active proximity fuze and contact fuze Ry
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4. 12 digital ccmputer (AN/UYK-7 in Aegis Systens)
insteal of SM1's analogu€é weapon direction systen.

1. Physical Description

Dimensions. ({Ref. 7], [Ref. 14]
Length: 176.0 in (4.47 m)
Diameter: 13.5 in (343.0 am)
Span: 36.0 in (914.0 mm)

Systeas.
Launchers: [Ref. 7], [Ref. 9], [Ref. 14]

A twin (dual) arm launcher.

The US ships fitted with Standard SM2-MR
missiles are: [Ref. 11)], [Ref. 12],
[Ref. 19]
1. 4 Kidd Class (DDG) with one twin Mk
26 Mod 0 and 1 twin Mk 26 Mod 1
launchers with two magazine capaci-
ties for total 68 Standard SN2-MR
missiles.
2. 4 virginia Zlass (CGN) with two twin
Mk 26 (1/Mod 1 fwd., 1/Mod 0 aft.)
launchers with twvo magazine capaci-
ties for total 68 Standard SM2-MR
missiles.

The Standard SM2~-MR missile's console:
[Ref. 11], [Ref. 12]

Missile 1launching systems Mk 26 receives
fire control coammands from Mk 74 Mod 9
Missile Fire Control Systen.
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Figure 3.4 Comparison of SM1-BR Missile
and SPG-55 Tracking Radar.

The provision of an inertial reference unit for

midcourse guidance implying
to the

midcourse phase.

self-navigation by the

missile vicinity of the target, during a

A communication 1link for midcourse guidance correc-

tion and target position data updating and missile

position reporting (two-way 1link for midcourse

guidance) .
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SH1-ER vs SPG-55
Beam width = O.BOX O.8°
Tracking in X-band (10 GHz), \ = 0.03 m
Average power = 5 KW
Assune:
Anteuna diameter, 4 = 2.44 n
Antenna area, A = 4.67 sg.m
Receiver bandwidth, B = 1 MHz
Noise figure, P = 4.9 dB = 3.09 (from fig. 2.3)
(Sg/Ng) . = 4.7 dB = 29.51 I3
From sguation 2.16; S = 3.65X10 watts
Assume:

min

For antenna efficiency, f = 0.85, A, = 3.97 sqg.n

For target cross section 1 sq.m, n = 30, and
ls = 20

From equation 2.18; R,y = 70 km
Fig. 3.4 shows the maximum radar range and the

maximum and minimum missile range versus target
altitude.

E. STANDARD SHM2-MR (RIN-66C)

The SM-2 version of the Standard-MR is intended for use
aboard Aegis missile cruisers. Initially, sea tests of the
SM2-MR were conducted in 1976-1977 aboard the NORTON SOUND
(AVM1) [Ref. 18: p. 341].

The most important changes embodied in the SM2 are:

1. The replacement of the SM1 conical-scan SARH receiver
by a monopulse receiver, including a new semi-active

terminal guidance receiver with greater resistance to
ECM.
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incoming targets are directed to the Mk 76 missile fire
control system by the SPS-48A or SPS-48C fitted on each
ship. The missile guidance requires target velocity (i.e.

o
-
-

F_‘L
._'_
)

doppler) data as well as direction transferrei to the fire
control system. The SPG-55B or C tracks the target and illu-
minates the missile.

o
[ "

a8
s %e- s
s 0

EACs
.

During the flight, the missile obtains its doppler
information by comparing the reflected signal from the 1?5
target with a beam transmitted directly by the SPG-55 o
e
tracking/illuminating radar. .
e
Type of Guidance: [Ref. 15], [Ref. 19] ZSE
Semi-active Radar Homing (SARH) ;i:
b
Type of Navigation: -
no information available Z?ﬂ
5. Periformance —
Speed: [BRef. 6: p. 228] Q$§
Mach 2.5 iﬁ
|
- . e
Minimum/Maximum Range: [Ref. 19] A
Max. 35 mi (56.3 knm) ]
Minimum/Maximum Altitude: [Ref. 8] o
50 - 80,000 £t (15 - 24,000 m) S
Target Maneuverability: fﬁi
."‘A..i
no information available ;ﬁ
Target Destructibility: ;j
SN
S
no information available S
—
o
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lLaunch Weight: [Ref. 15]

: 2,963 1b (1,384 kg)

i Launch: 1/Mk 12 booster. [Ref. 15]
Cruise: 1/Mk 30 Mod 2 sustainer.
| 3. ©Harhead Section

Type of Warhead: [Ref. 16]

Fragmentation Warhead

! Weight of Warhead:
no information available
. Fuze Systems: [Ref. 6: p. 228], [Ref. 7], [Ref. 4]
! Proximity Fuze and contact fuze
i Damage Mechanism:
i a large number of fragments
E Explosive type: [Ref. 16]
? High Explosive (HE) Warhead with PBXN-101 & ifﬂ
! PBXN-106 main charge. i;:j
4. Target Detection, Tracking, and Missile Guidance. %
i Standard SM1-ER is a medium range, supersonic, ;

surface-to—-air shipborne guide missile. The missile uses

semi-active radar homing (SARH) guidance and replaces the
Terrier dguided missile. The operation begins when the
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2. 1 Bainbridge Class (CGN) with two
twin (dual) arm Mk 10 Mod 5/6
launchers with two magazine capaci-
ties for total 80 Standard SM1-ER
missiles.1®

3. 1 Long Beach Class (CGN) with two
twin (duval) arm Mk 10 Mod O/1
launchers with two magazine «capaci-
ties for total 120 Standard S41-ER
missiles.19

4. 4 Kidd Class (DDG) with two twin
(dual) arm Mk 10 Mod 0/1 launchers
with two magazine capacities for
total 68 SM1-ER missiles.

The Standard SM1-ER's console: (Ref. 8],
[Ref. 14]

Guided Missile launcher Systems (GMLS) Mk 10
receives fire ccntrol command from Mk 76 Mod
6 Missile Fire Control.

Types of radar required for Standard SM1-ER
missile: [BRef. 19]

Surveillance radar.
Type: SPS-48 air search radar.

Tracking radar.

Type: SPG-55 tracking/illuminating radar.

Description:See Terrier's radar.

. 18standard SM1-ER will be replaced by Standard SM2-ER
missiles.

. 19standard SM1-ER will be replaced by Standard S¥2-ER
missiles.
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Figure 3.3 Comparison of SMN1-MR Missile -
and SPG-51 Tracking Radar. -

The US ships fitted the Standard SM1-ER

missile are: [Ref. 11], (Ref. 12], o

(Ref. 19] -

1. 1 Truxtun Class (CGN) with one twin o

(dual) arm Mk 10 Mod 8 lLauncher with -

a2 magazine capacity for 60 Standard
SB1-ER missiles.!?

. 17Standard SM1-ER will be replaced by Standard SM2-ER
missiles.
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Expiosive Type: [Ref. 16]

High Explosive (HE) warhead with PBXN - 101 ¢
PBXN - 106 main charge.

Standard SM2-ER is (an extension) an improved
version of the SM2-MR supersonic missile system [Ref. 7],
[Ref. 14]. The missile employs a combination of command and
semi-active homing guidance which depends on the Aegis
systen. The Standard SM2-ER has a command midcourse
guidance capability, a self-contained navigation capability
provided by an inertial reference unit, and a new terminal
honing receiver for semi-active radar homing only during the
terminal guidance phase. The oreration of the system begins
when the incoming targets are designated by the wmulti-
function phased array radar, the SPY~1; thes2 inputs are
processed to determine the capability of engaging the target
and then commands are dgenerated for the Mk 26 launcher and
prelaunch orders for the missile, connands for the Mk 99
fire control system for target illumination, commands to the
multi-function radar, if midcourse guidance is required, and
reports to the Mk 1 coamand and decision systen. The
AN/SPY-1 detects the targets automatically and commands
Standard SM2-ER missile to fly into engagement zone.

The specific path along which the missile is navi-
gated is determined by the inertial navigation law. During
the missife flight, the information about the target and
missile range, elevation, and bearing are continuously fed
to the Mk 1 command and decision system. During the mid-
course guidance phase, commands to the missile f£rom the Mk 1
weapons control system determines the flight path for the
missile.
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Terminal homing 1is Ly semi-active illumination
provided by slaved illuminators (SPG-63). The missile
obtains its doppler informaticn by comparing the target
reflected beam with a beam +transmitted directly by the
SPG-63 illuminator radar, which is used for automatic target
range rate tracking and, consequently, missile homing to the

tacget. The fragmentation warhead is detonated by a
centrally located explosive charge. Detonation which occurs
at a small miss distance is +triggered by a safety-arming
device actuated in the guidance and control section.

Type of Guidance: [Ref. 15], [Ref. 19]

Semi-active radar homing, with nidcourse
guidance capability, inertial reference, and
improved ECCH.

Type of Navigation: [Ref. 19]

Inertial Navigation.

5. Performance

Speed: [Ref. 6: p. 228]
Mach 2.5

Minimum/Maximum Range: [Ref. 14], [Ref. 19]
max. 75 mi (121 knm)

Minimum/Maximum Altitude: [Ref. 6: pP- 2281,
[Ref. 17: p. 50]

max. 80,000 £t (24,000 m)
Target Maneuverability:

no information available
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Target Destructibility:
no information available

SM2-ER vs SPG-63
Average power, P; = 42.5 KW
Assume:
Tracking in C-band (6 GHz), )\ = 0.05 m
Antenna diameter, d = 2.44 m
Antenna area, A = 4.67 sg.n

Receiver bandwidth, B = 1 MHz
Noise figure, F = 4.6 dB = 2.88 (from fig. 2.3)
(So/Nobn“, = 14.7 dB = 29.51

From equation 2.16; S = 3.LlOX10'3 watts

, min

; Assume:

‘ For an antenna efficiency, f = 0.85, A, = 3.97 3
sg.nm .::‘.

For target cross section 1 sq.m, n = 30, and
Ls = 20

From equation 2.18; Rmax = 80 knm
Fig. 3.6 shows the maximum radar range and the

maximum and minimum missile range versus target
| altitude.

G. ROLLING AIRFRAHE MISSILE (BAM)

The Rolling Airframe Missile (RAM) or RIM-116A was
developed to provide a rapid-reaction, short-range missile
for shipboard defense using off-the-self componants. RAM was
formally called the Antiship Missile Defense (ASMD) weapon
or the Antiship Cruise Missile (ASCM). The missile uses the
rocket motor, warhead, and fuze from the AIM-9L Sidewider
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Figure 3.6 Comparison of SM2-ER Missile s
and SPG-63 Tracking Radar. -
air-to-air missile version [Ref. 21: p. 1440]. So far, RAM
ioes not arm any ship yet. Proposed launchers include the
Sea Sparrow launcher, RAM ODALT which has ten RAMs filling :
in two of the eight Sea Sparrow tubes and the RAM EX-31 e
launcher which can fire 24 missiles. RAM itself uses a two K
antenna radar interferometer for initial passive RF L
guidance, and a passive infra-red seeker for the terminal e
phase. RAM needs only a single guidance channel, since the P
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samne compand, at one instant in the roll, causes the missile
to pitch and at another instant with the two fins vertical,
it causes the missile to turn.20 Similarly, two rather than
four interferometer antenna are rejuired. However, the
missile RF passive seeker is very broad-band, and it is
informed by the ship fire contrcl system of the fregquency of
the target rajar at time of firing.

1. Physical Description
Dimensions. [Bef. 11] [Ref. 22],
Length: 110.0 in (2.79 m)
Diameter: 5.0 in (127.0 mm)
Span: 24.0 in (610.0 mm)
Systeas.
Launchers: [Ref. 22]
A single launcher.
The RAM missile's console: [Ref. 22]

RAM EX-31 with 24 missiles per launcher.
RAM ODALT for RAM missile firing from the
NATO Sea Sparrow surface missile launcher.

Types of radar required for RAM missile:

By using ship's tracking radar. So far, no
specification is available. Presumably uses
the same radar systems as Sea Sparrow, the
Target Acquisition System (TAS) Mk23.

25_g2°Limit load factor in any rlane is believed to be some
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Launch Weight: [Ref. 22]

159 1b (72 kgq)

2. Propulsion

Launch and cruise by 1/4k 36 Mod 7 solid propel-
lant rocket [Ref. 15].

Type of Warhead: [Ref. 5]

Fragmentation Warhead with smooth <casing and

roof-shaped inserts or profiled charge.
Weight of Warhead: [Ref. 23: p. 175]
24.97 1b (11.35 kq)
Fuze system: ({Ref. 7], [Ref. 14], [Ref. 23: p. 174]
Active optical proximity fuze
Damage Mechanisa:
a large number of fragments
Explosive Type: [Ref. 16]

High Explosive (HE) Warhead with PBXN-102 ¢&
HBX-1 main charge.

4. Target Detection, Tracking, and Missile Guidance

The RAM (Rolling Airframe Missile) is in the class
of the Antiship Cruise Missile (ASCM). The ASCM RAM missile
consists of a 5 inch rolling airframe with dual mode passive

radio frequency midcourse and IR seeker terminal homing or
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passive radio frequency (RF) all the way. This guidance
technique 1is target dependent in that it requires both
active radar and IR signals from the target to function. The
system operation begins when the TAS radar or ship's
tracking radar tracks the incoming targets. At the same
time, the ship's ESM confirms that the target is radiating
and identifies the waveband.  Thereafter, direction, range,
elevation and RF data are passed onto the RAM control
control circuits.

In the normal mode the weapon can be cocperated as
semi-automatic system in which the operator confirms the
designation of the target and fires the missile, or as a
fully automatic system in which missiles are launched
without the operator's intervention. When TAS Mk 23 is
designed to react automatically to an incoming antiship
cruise missile, designate them to RAM EX-31 or RAM ODALT
illuminator (Mk 91 or Mk 115), engage them, and launch the
missile. Also, it can be used in manual mode in which target
information comes frcm outside the systen.

As target information is passed to the RAM EX-31 or
RAM ODALT launcher, a few seconds before firing, the first

missiles are made ready, with their RF seeker gyros spun up
and their IR detectors cooled down. As the nmissiles are _
fired, more missiles are prepared until the =2ngagement is ;éﬁ
over. The system is basically programmed for one missile to Eif
be fired against each target but this program can be altered ‘*T
at the request of customers.

. -.‘
st t,
P
AL
TN

.

The nmissile?s RF system is active as soon as it

P

leaves the launcher tube. The pencil-shaped housing on :;ﬁ
either side of the nose contain forward-looking and aft- i
looking antenna, the latter track the ship's own radar to :f;
provide data to help the seeker to maintain its lock on the t%ﬂ
target's emissions. In the normal mode, the RF system points ;ﬁf
the IR seeker at the target and the aissile's control logic Eij
o
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g
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switches over from RF to IR as soon as the IR signal is

sufficiently strong. The 11.35 kg warhead is designed to
detonate close enough to the target to cause massive struc-
tural damage, which, at RAM's engagement range (max. 3.2
km) , will prevent the incoming missile's warhead f£from
reaching the ship. '

Type of Guidance: [Ref. 22]

Dual mode which
1. Passive RF acguisition and midcourse
guidance. Transition to IR for high
terminal accuracy.
2. Passive RF all the way.

Type of Navigation: ([Ref. 22]

Proportional Navigation

5. Performance

Speed: [Ref. 10] [Ref. 14],
Mach 2.5
Mininum/Maximum Range: ([Ref. 10] [Ref. 14],
2 mi (3.2 km)
Minimum/Maximum Altitude:
Presumably 3 - over 100 o
Target Maneuverability:
Presumably at least 2-g
Target Destructibility:

Single Shot Kill Prcbability, Pkss = 0.70
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H. SEA SPARROW/NATO SEA SPARROWN

The Sea Sparrow and NATO Sea Sparrow are the RIN-7H4
[Ref. 15]), which resemble closely the Sparrow AIM-7E missile
in use as an air launched weapon by the Air Force of many
nations. As a surface launched nissile, it functions as a
short-range interceptor for hostile missiles or aircraft. It
is supersonic, boost-glide, semi- active homing missile, and
wveighs ap-roximately 500 lb. The missile contains several
innovations for operational surface-to-air missile systenms.
The current 8 cells NSSMS (NATO Sea Sparrow Surface Missile
System) trainable launcher has up to 30 nmissile canisters
that can be mounted in-deck.

Vertical 1launch SLMS (Sea Sparrow Launch Systen) is
designed to provide point defense against antiship missiles
and aircraft for the 1980s and also to allow missile engage-
ment for surface targets. Since the missile canisters can
be mounted collectively or individually in-deck, on the
sides of the superstructure, or above deck, the system can
be fitted on ships as small as 150 tons.

Vertical launch gives rapid reaction time, a 360 degree
free fire zone and enables fast sequential engagement of
high-velocity targets, the sole limitation being the number
of X-band CW target tracker/illuminators (director) mounted
on board. The vertical-launch technique requires the missile
to be fitted with a jet van control (JVC) system in the
exhaust to turn it over on to an intercept course after
launch. The vertical launch canister is mounted above a
longitudinal exhaust control duct, with a single plenum
efflux which can be oriented in any direction. This systen
reduces the weight, deck area, and power requirement dramat-
ically from those of NSSHS. This new technique is fitted
with the folding wing RIM-7M Sparrow missile. Furthermore,
the RIM-7M replaces the RIM RIM-7H in its upgraded Sea
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Sparrowv systems for the 1980s [Ref. 24: p. 73]. Primary
reasons for the choice of the 7Ms are its greatly improved
look~-down capabilities through clutter against antiship
missiles and its fuze which 1is optimized for 1low-flying
targets.

1. Physical Description
Dimensions. ([Bef. 14], [Ref. 19]
Length: 144.0 in (3.66 n)
Diameter: 8.0 in (203.0 mm)
Span: 40.0 in (1.02 m)
Systeas.
Launchers: [Ref. 7), [Ref. 14]
A 8-tube launcher/vertical launcher.

The US ships fitted with Sea Sparrow/NATO
Sea Sparrow missiles are: [Ref. 11],
[Ref. 12], [Ref. 193]
1. 2 Nimitz Class with thr2e 8-tube Sea
Sparrow Mk 25 launchers and another 2
Nimitz Class with three 8-tube NATO
Sea Sparrow Mk 29 launchers.
2. 1 Enterprise Type with three 8-tube
NATO Sea Sparrow Mk 29 launchers.
3. 4 Kitty Hawk Class with two 8-tube
NATO Sea Sparrow Mk 29 launchers.
4. U4 Forrestal Class with three 8-tube
NATO Sea Sparrow Mk 29 launchers.
S. 2 Midway Class (CV) with two 8-tube
Sea Sparrow Mk 25 launchers.
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6. 31 Spruane Class (DD) with one 8-tube
NATO Sea Sparrow Mk 29 launcher.

7. U5 Knox Class (FF) with one 8-tube
Sea Sparrow Mk 25 launcher and

another 1 Knox Class with one 8-tube
NATO Sea Sparrow Mk 29 launcher.

8. 2 Blue Ridge Class (LCC) with two
8-tube Sea Sparrow Mk 25 launchers.

9. 5 Tarawa Class (LHA) with two 8-tube
Sea Sparrow Mk 25 launchers.

10. 7 Iwo Jima Class (LPH) with two
8-tube Sea Sparrow Mk 25 launchers.

The Sea Sparrow/NATO Sea Sparrow's console:
[Ref. 11], [Ref. 12]

Missile Launching Systems Mk 25 for Sea
Sparrow and ¥k 29 for NATO Sea Sparrow
receives fire ccntrol command from Mk 91 and
Mk 115 Missile Fire Control System, respec-
tively.

Types of radar required for Sea Sparrow/NATO Sea

Sparrow missile: [Ref. 14]
Sarveillance radar.

Type: Target Acquisition System (TAS) Mk
23.

Tracking radar.

Type: Mk 115 Missile Systems Fire Control

radar for Sea Sparrow.

Mk 91 Missile Systems Fire Control

radar for NATO Sea Sparrow.

Description:Mk 115 ocperates in X-band CW only,
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requires two antennas; a parabolic dish for
transmission and a flat plate planar array
for reception. Tracking errors detected by
comparison of transpitted and received
signals are displayed in a gun-sight atop
the modified director pedestal. Manual
pointing was adopted for targets with high
closing velocities but relatively 1little
angular motion relative to thes ship being
attacked. Interception range is over 4 nmi
(7.4 km). Mk 91 operates in X-band CW with
separate receiving and traansmitting antenna
side by side.

launch Weight. [Ref. 15]

500 1b (227 kg)

2. Propulsion

Launch and cruise by 1/Mk 56 Mod 2 solid propel-

lant rocket motor.

Type of Warhead: [Ref. 5]
Continuous Rod Warhead

Weight of Warhead: ([Ref. 12: p. 338]
90 1b (41 kg)

Fuie System: [Ref. 14]

Proximity Fuze
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Damage Mechanism:

The rods. Approximate initial velocity of the
rods is 1,000 to 1,400 m/sec [ Ref. 24: p. 164].

Explosive Type: [Ref. 25]

High Explosive (HE) Warhead

4. Target Detection, Tracking, and Missile Guidance

The Sea Sparrow and NATO Sea Sparrow are short range
missiles. The incoming antiship cruise missile is detected
by the L-band pulse doppler Target Acgquisition System (TAS)
Mk 23 radar. The TAS radar is designed for short range oper-
ation in severe clutter and jamming. One of four operating
modes is the normal mode, with instrument ranjge of over 20
npi. Once a target has been detected, the IFF system deter-
mines whether it is friendly, and the associated AN/UYK-20
computer determines whether it is to be attacked and when it
can be engaged, then, it designates the target to a Sea
Sparrow illuminator (Mk 91 or Mk 115). When the target
tracking begins, trained and elevation orders in synckronism
with the manual control Mk 51 director/illuminator is fed to
the launcher. Consequently, prelaunch data and firing
conmands are relayed to the 8 missiles housed in individual
launcher cells. The missile is fired directly at the target
but above the director-target line of sight.

The guidance and control section of the missile
tracks a target, directs and stabilizes the missile on its
course to the target, and finally initiates the warhead
detonation at the proper point of intercept. The guidance
system obtains a signal by using the missile's front antenna
to track the reflected continuous wave radar signal from the
tacrget. Prior to launch, the missile's rear reference
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ntenna receives radar energy from a feed horn in its
‘espective launcher «cell, which tunes the missile to the
lirection frejuency illuminating the target. During f£light,
‘hanges in lead angle are used by the nmissile's guidance
iystem, and the missile's course is updated to maintain a
.arget intercept. Missile to target <closing speed is
lecived from a doppler shift between the signals received by
:he front antenna and the rear reference antenna.

The continuous rod warhead expands by the detonation
f a centrally located explosive charge. Detonation is trig-
jered by a safety-arming device actuated by a firing pulse
from a fractional doppler gate in the guidance and control
section, a contact fuze, or a side receiving system in the

juidance and control section.
Type of Guidance: [Ref. 15], [Ref. 25]
CH semi-active radar hominy.
Type of Navigation: [Ref. 25]

lead Angle.

5. Performance

Speed: (Ref. 18: p. 219]
Mach 2.5

Minimum/Maximum Range: ([Ref. 15], [Ref. 26: p. 311]
22,000 - 25,000 m

Minimum/Maximum Altitude: ([Ref. 17: p. 47)
16 - 16,000 £t (5- 5,000 m)

Target Maneuverability:

no information available
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Target Destructibility:
no information available

Sea Sparrow vs Mk 91, Mk 115

Tracking in X-band (10 GHz), )\ = 0.03 a
Assume:

Antenna diameter, 4d = 1 n.

Antenna area, A = 0.79 sq.nm

Receiver bandwidth, B = 1 MHz

Noise figure, F = 4.9 dB = 3.09 (from fig. 2.3)

(s°/u°)min = 4.7 dB = 29.51

=13
From equation 2.16; S = 3.65X10 vatts

min
Assume:
For antenna efficiemcy = 0.85, A, = 0.67 sq.m
For a target cross section 1 sg.m, n = 30, and
Ls = 20
Average power, P; = 5 KW
From equation 2.18; Rmax'= 24 km

Fig. 3.7 shows the maximum radar range and the
maximum and minimum missile range versus target
altitude

I. SEA CHAPARREL

The Sea Chaparrel missile is a point-defence missile
that uses a slightly modified launcher «capable of being
. directed by either a gunner or a remote control of the
parent vessel's fire control system [Ref. 17]. The Sea
Chaparrel missile uses Mk 68 Fire Control System (FCS)

2

[Ref. 8]. In all other aspects, it is similar to the stan-

)

dard land-based Chaparrel weapon [Ref. 17]. Typically, the
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Figure 3.7 Comgarison of Sea Sparrow Missile
and 8k 91 & Bk 115 Pire Coantrol Radar.

Sea Chaparrel has the same characteristics as the AIN-9D
[Ref. 24: p. 37].

1. PRhysical Description
Dimensions. [Ref. 14: p. 226], [Ref. 24: p. 40)
Length: 113.0 in (2.87 m)

Diameter: 5.0 in (127.0 mm)
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Span: 24.8 in (630.0 @mnm)
Systeas,
Launchers:

A single arm launcher.
The US ships fitted with Sea Chaparrel
missile are: [Ref. 8: p. 161]

1. Lawence

2. Hoel DDG-13

3. Coontz DIG-9

The Sea Chaparrel aissile's console: (Ref. 8:
pe 161]

A single launcher has 4 missiles and can be
launched by the vessel's fire control
system, for example Mk 68 GFCS.

Types of radar required for Sea Chaparrel
missile:

Sarveillance radar.

Type: SPS-10 air search radar.
Tracking radar.

Type: SPG-53 tracking radar.

Description:The SPG-53 is a X-band monopulse
tracking radar. It has low-elevation angle
tracking capability via clutter cancellation
and employs a monopulse technigue. It incor-
porates both spiral 12 degree scan for
acquisition and conical 3 degree scan for
tracking. It <can track out to 360,000 ft
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(Ref. 14: p. 179], and also incorporates
continuous wvave for secondary nissile
control. The SPG-53 has a 250 kw trams-
mitter with 30 ft accuracy and 240 ft reso-
lution.

Launch Weight. [Ref. 24: p. 40]

194.7 1b (88.5 kg)

Launch and cruise Lty solid propellant rocket.
[Ref. 24: p. 40]

Type of Warhead: [Ref. 17: p. 48] [Ref. 24: p. 40],
Continuous Rod Warhead

Weight of Warhead: [Ref. 14: p. 227]

- 22.4 1b (10.5 kg)

Fuze Systems: [Ref. 24: p. 40]
Active infra-red (IF) proximity Fuze

Damage Mechanism: [Ref. 24: p. 64]

The rods. Approximate initial velocity of the
rods is 1,000 to 1,400 m/sec.

; Explosive Type:

High Explosive (HE) Warhead

v g
i
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4. Target Detection, ITracking, and Missile Guidance

The Sea Chaparrel is & Basic Point Defence System
(BPDS) missile. The missile is designed to intercept heli-
copters and high speed aircraft at low altitude and sea-
skimmer missiles. In this circumstance, target designation
is performed by air search radar, SPS-10 air search radar.
Then all information is passed to the SPG-53 tracking radar
which locks onto target. When the target comes into the
missile's range, the missile is launched and guided by the
passive IR homing guidance system which homes in (closes) on
the heat generated by the target.

Type of guidance: {[Ref. 17]
Passive infra-red hcming
Type of Navigation:

no information available

5. Performance
Speed: [Ref. 8: p. 161]
Mach 3.0

Minimum/Maximum Range: [Ref. 14: p. 226)]
max. 11 mi (17.7 knm)

Minimum/Maximum Altitude: [Ref. 27: p. 887]
max. 3,000 £t (914 m)

Target Maneuverability:
no information available

Target Destructibility:

no information available
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Sea Chaparrel vs SPG-53
Tracking in X-band (10 GHz), A = 0.03 m

Rmax = 112 kn
3.8 shows

and

Fig. the maximum radar range and

maximum
altitude

minimum missile range versus

1000

ALTITUDE IN KM

160 1000

Figure 3.8 gongarison of Sea Chaparrel Missile
and S

G-53 Tracking Radar.
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IV. FRENCH NAYVY
The surface-to-air missiles in the French Navy are:
1. MASURCA Missile.
2. NAVAL CROTALE Missile.
3. SADRAL SEA-TO-AIR Missile.
4. STANDARD SM1-MR Missile.

A. MASURCaA

The Masurca is a medium-range, tandem two-stage antiair-
craft weapon system. The missile has a cylindrical body with
a pointed nose and pivoted cruciform tail control surfaces
in line with long-chord narrow wings. Powerel by a tandenm,
solid prbpellant booster with four large finms, four fixed
rear fins with ailerons for «rcll-control and four hydrau-
lically driven canard nose control and a solid end burning
sustainer, it is launched from a twin (dual) arm launcher
and carries a proximity fuzed high-explosive warhead. This
missile can intercept supersonic targets at a range of 21.5
nmi (40 km) or more.

Originally, ¢tvwo types of guidance were employed: radio
coamand and semi-active radar hcming for the Mk 2 Mod 2 and
Mod 3, respectively. However, only the Mk 2 Mod 3 missile
is in service {BRef. 7: p. 96]. Mod 3 has a receiver aerial
at the front whose signals are compared with signals
received directly from the ship at two horns in the rear.
These received signals provide the doppler velocity which
enables proportional navigation to be used in the intercep-
tion. Externally, the two versions are virtually identical
to each other and both use the same complete shipboard
installation. Each of the Masurca ships is equipped with a
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three~dimensional (3-D) surwillance radar (DRBI 23)
[Ref. 7: p. U490], a weapon director, and a twin (dual) arm
launcher.

1. Physical Description

Dimensions. ([Ref. 7], [Ref. 14])]
Length: 338.0 in (8.6 m) with booster.
208.3 in (5.29 m) without booster. ;
Diameter: 0.406 m (+0.57 a booster) “
Span: 59.0 in (1.5 m) ;
Systeas. "
Launchers: [Ref. 7] .
A twin (dual) arm launcher.

The French ships fitted with the Masurca
missile are: [Bef. 7], [Ref. 11], [Ref. 19]

1. 2 Aircraft Carriers {Clemenceau,
Foch) with one twin (dual) arnm -
launcher with a magazine capacity for
48 Masurca missiles.

2. 2 Suffren Class with one twin (dual)
arm launcher with magazine capacity
for 48 Masurca missiles.

3. 1 Colbert with one twin (dual) arm

launcher with a magazine capacity for
48 Masurca missiles. -
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The Masurca nmissile's console: [ Ref. 19: p.
1047

A twin (dual) arm launcher for Hasurca
missile has the correction data system for
fire control from SENIT 1 tactical data
systen.

Types of radar required for Masurca missile:
Surveillance radar.

Type: DRBV-20 long range air search radar.
DEBI 23 3-D air search radar.
DRBI-10 height-finding radar.

Tracking radar.
Type: DRBR-51 tracking/illuminating radar.

Description:The DRBR-51 consists of a pair of
antennas, a large diameter unit is a C-band
5 cm wavelength target-tracker which «can
also measure the deviation of the missile
from the line-of-sight to the target, and a
small diameter for command transmission.
Meanwhile, a third antenna operating in
J-band is used to generate the initial gath-
ering beam. The main dish is fitted for CW
Injection for semi-active operation.

Launch Reight. [BRef. 14])

4,585 1b (2,080 kg) with booster.
2,359 1b (1,070 kg) without booster.
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2. Propulsion
Launch: A solid propellant booster
Cruise: A so0lid fuel end burning sustainer. ;ﬁf
3. Narhead Section M“
Type of Warhead: [Ref. 14]
Continuous Rod Warhead i
Weight of Warhead: ([Ref. 14]
265 1b (120 kgqg)
Fuze System: ([Ref. 14] Soi
R
Proximity Fuze i;g
Damage Mechanism: i;ﬁ
The rods. Approximate initial velocity of the :hf
rods is 1,000 to 1,400 m/sec [Ref. 24: p. 168 ]. 2
Explosive Type: {[Ref. 1] ?if
High Explosive (HE) Warhead :ﬁi

4. Target Detecting, Tracking, and Mdissile Guidance

Masurca is a medium range missile. The guidance ;,~f
system is Mk 2 Mod 3 with a semi~-active radar homing (SARH) o
using the Thoamason-CSF DRBR-S51 tracking radar which has 3
antennas. The missile intercepts the target using the
proportional navigation law. The loang range target is -
detected by a surveillance radar, DRBV-20 or DRBI-23;
vhereas more precise target location is doue by a height

finding radar, DRBI-10. As the target comes into range, it

-y




will be tracked and locked on by the DRBR-51 fire control
radar. TFor this system, both the target and the nmissile are
continuously tracked by DRBR-51. When firing the Masurca Mk
2 Mod 3, the main dish of of the DRBI-51 is used to track
and continuously £follow the target. A small diameter
antenna transmits the necessary comrand signals to the
missile to keep it within line-of-sight, while the third
antenna is a J-band target illuminator radar whose function

is to illuminate the target and missile.
Type of Guidance: [Ref. 14]
Semi-active radar homing {SARH)
Type of Navigation: [Ref. 7: p. 129)], [Ref. 14)

Proportional Navigation

5. Performance

Speed: [Ref. 14], [Ref. 19]
Mach 3.0
Minimum/Maximum Range: [Ref. 14], [Ref. 19]
max. 31 mi (50 km)
Minimum/Maximum Altitude: [Ref. 19]
100 - 75,000 £t (30 - 22,860 m)
Target Maneuverability:
no information available
Target Destructibility:

no information available
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Target Destructibility: [Ref. 29]

The Sadral permits destruction capability for
miss distance less than or egu=l one. However,
no information is available for kill prob-
ability.

D. STANDARD SM1-HR

The Standard SM1-MR missile in the French Navy has the
same specifications and missile guidance system as used in
the US Navy. The French ships fitted with the Standard
SM1-MR missile are:

1. 4 Kersaint Class, Corvetted T-47 Type with 1 single
arm Mk 13 launcher with a magazine capacity for 40
Standard SM1-MR missiles. [Ref. 19]

2. 3 C-70 Type, AAW Corvettes23 with 1 single arm Mk 13
launcher aft. with a magazine <capacity for 40
Standard SM1-MR missiles. [Ref. 31]

3. Georges Leygues (C-70 Tyrfe, ASW phototype) 24 with 1
singlie arm Mk 13 launcher with a @magazine capacity
for 40 Standard SM1-MR missiles.

23They _were authorized under the 1977-82 plan, for
completionh from 1988 onward.

247t was delivered in 1979 a?g

. . he last at least seven
will not be completed until affer .

t
88
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sea-skimmer missiles. According to the situation, target
designation may be performed by using not only the ship's
surveillance radar or an ortronic surveillance systen
(either IR or optical), but alsc simpler systems such as the
navigation radar. The missile uses passive anti-radiation
homing for the midcourse phase, reverting to passive IR
homing only in the terminal phase which the missile homes in
on the heat generated by the target. [Ref. 32]

Type of Guidance: [Ref. 30]
Passive Infrared Homing Guidance
Type of Guidance:

no information available

Speed [Ref. 7: p. 13], [Ref. 32]
Mach 2.6

Minimum/Maximum Range: [Ref. 32]
300 - 6,000 m

Minimum/Maximum Altitude:

no information available

Target Maneuverability:

TR

e

DOs |

against a target maneuvering up to 8-g [Ref. 32]
against aircraft at speeds up to 900 mph
(Ref. 30)

. )
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launch Weight. {[Ref. 30]

4% 1b (20 kq)

2. Propulsion
Booster-sustainer mctor

Launch: DB propellant booster

Cruise: Composite propellant sustainer

3. ©Warhead Section
Type of Warhead: [Ref. 32]
Blast/Fragmentation Warhead
Weight of Warhead: [Ref. 29], [Ref. 30)], [Ref. 32]
6.6 1b (3.0 kg)
Fuze System: [Ref. 29]

Active laser proximity fuze with precise

distance cut-off.
Damage Mechanism: [Ref. 29]

Tungsten ball fragments.
Explosive Type: [Ref. 29)], [Ref. 30]

High Explosive (HE) warhead

4, Target Detecting, Tracking, and Missile Guidance

Matra Sadral is a very short range surface~to-air
missile systen. The missile is designed to intercept heli-
copter and high speed aircraft flying at low altitude and
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2. Georges Leygues (C-70 Type, ASW
phototype) 2! with two Sadral 1light-
weight launchers.

3. 3 C-79 Type, AAW corvettes22 with two
Sadral lightweight launchers.

The Sadral systea's console:

The ship systems contains six firing tubes

mounted on an orientable turret.

Types of radar required for Sadral missile

system:
Surveillance radar.

The Sadral system can use ship's surveil-
lance radar systems. [Ref. 29]

Type: DRBJ-11B rotating phased array radar
DRBV-15 air/surface surveillance
radar cr electronic surveillance
system (infrared or optical)

Tracking radar.

Type: A videc picture from a TV camera
mounted on the mobile part of the
carriage (in bearing and elevation).
A thermal (infrared) camera 1is
optionally envisaged for night
firing.

21She was delivered in 1979 _and the last of at least
seven will not be completed untill after 1988.

22They were authorized under the 1977-1982 plan, for
completion from 1988 onward.
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guidance, employing a passive system that is claimed to be
very sensitive and capable of true "fire-and-forget" opera-
tion. Impact and proximity fuzing is provided for the 3 kg
wacrhead (1 kg HE), and the IFF module is available to
prevent engagement of friendly aircraft and mipimize reac-
tion time in the face of enamy targets. The Satcp missile
is, essentially, composed of a rocket motor, a passive
infra-red homing head, pilot and guidance electronics, an
electrical servo motor actuating a pair of canard control
surfaces, a primable thermal lattery supplying electrical
pover to airborne equipment, a warhead, an active proximity
fuze, and a warhead-arming and safety device. The canard
type aerodynamic configuration gives the missile great
maneuverability, permitting it to counter successively any
evasive target action, even extended targets maneuvering up
to 8-g.

1. PBhysical Description
Dimensions. [Ref. 29]
Length: 5.93 £t (1.81 m)
Diameter: 3.54 in (90.0 mm)
Systeas.
Launchers: (Ref. 29], [Ref. 30])

A six Satcp rounds launcher.
The French ships fitted with the Sadral Sad
launcher are: [Ref. 31]
1. Charles de Gaulle aircraft carrier
with two Sadral lightweight
launchers.
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Figure 4.2 Comparison of Naval Crotale Missile
and SENIT 2 Pire Control Radar.

C. SADRAL SEA-TO~-AIR BISSILE SISTEM

The Sadral system with the Satcp missile is a very short
range anti-aircraft system carried by surface vessels. It
consists of a package of six Satcp missiles. The missile is
designed to intercept helicopter and high speed aircraft
flying at low altitude and can be used against missiles of
the sea-skimmer type. The missile uses infra-red homing




Target Maneuverability: [Ref. 28]

against an aircraft maneuvering at 2~-g at 8.5 knm
against sea-skimming at speeds of up to 600 m/s
(1,335 mph) or Mach 1.75 at sea level.

Target Destructibility:

Single Shot Kill Probability, Pkss = 0.75
[(Ref. 14: p. 183], [Ref. 17: p. 37]
Two-round salvos Kill Probability = 0.96

[Ref. 7: p. 97)]

Naval Crotale vs SENIT 2 Pire Control Radar
Assume:
Tracking in C-band (6 GHz), A\ = 0.05 m

Antenna diameter, d = 6 ft

Antenna area, A = 2.60 sg.n

Receiver bandwidth, B = 1 MHz

Noise figure, F = 4.6 4B = 2.88 (from fig. 2.3)

(So/Nohn“’ = 14,7 dB = 29.51 _

From equation 2.16; Smin = 3.35X10 watts
Assume:

For an antenna efficiency, p = 0.85, a, = 3.97

sq.n

For a target cross section 1 sqg.m, n = 31, and

Ls = 20
Average power, P; = 1 KW
From equation 2.18; R = 24 kn

max
Fiqg. 4.2 shows the maximum radar range and the

maximum and minimum missile range versus target
altitude.
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conmand guidance and are sent to the missile receiver at the
front by a radio signal.

The specific path along which the missile is navi-
gated is determined the line-cf-sight between the target
tracking unit and the target. This is known as command to
line-of-sight (CLOS). Thereafter, the missile course is
gathered by the IR system with 5 degree vision and stand-by
TV and optical tracking if radar command is impossible, and
slaved to the 1.1 degree J-band beam which is locked on to
the target.

Type of Guidance: ([Ref. 7], [Ref. 14], [Ref. 19]
'E Radio Command Guidance
Type of Navigation: [Ref. 17: p. 37]

Command to line-of-sight (CLOS)

Mach 2.35 (800 m/sec at sea level)
Minimum/Maximum Range: [Ref. 7]

500 - 11,000 m (aircraft)
up to 13,000 m (helicopter)
up to 6,000 m (sea-skimmer)

- Minimum/Maximum Altitude:

500 - 3,600 m (Ref. 17: p. 37]
Intercept incoming sea-skimming missiles at 4 m
(13.12 ft) above sea surface. [Ref. 28]
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Explosive Type:

High Explosive (HE) warhead

4. Target Detecting, Iracking, and Missile Guidance

Naval Crotale 1is a surface-to-air, radio command
guiéance type with a command to line-of sight guidance
systen. The incoming target is identified by the LMT IFF
air surveillance radar or by the DRBV-26 D-band low-flying
surveillance radar. The locaticn, velocity, and bearing of
the target are passed on to the Senit 2 computer fire
control system in the control room, The fire control room
has Senit data processing and display. Engagement can be
automatic or manual.

Tracking is performed Lty the Senit 2 radar systenm.
After the Naval Crotale unit locks on the target, the
missile 1is launched by the operator in the fire control
room. Steering signals, based on the position of the
missile with respect to the center (or the scann;ng axis) of
the tracking beam, are computed by the Senit 2 computer fire
control system and sent to the missile control surfaces. A
radar beacon or infra-red flare on the tail of the missile

provide information to the tracking system on the location

s of the missile. The target and missile range, elevation,
- and bearing are continuously fed to a computer. Using the
F! position and position rate information, the Senit 2 computer

& determines the flight path the missile should take that will
result in detonating the high explosive warhead near the
- tarcget. It compares this computed flight path with the

predicted flight path of the missile based on current
- tracking information and determines the correction signals

rejuired to move the missile ccntrol surfaces to change the
cucrent flight path to the new one. These signals are the

..............

....................
-------------



Types of radar required for Naval Crotale
missile:

Surveillance radar.

Type: DRBV-26 low-flyer air search radar.
DRBV-51C with MTI, LMT IFF air
search radar.

Tracking radar.
Type: SENIT 2 fire control systen.
Launch Weight. [Ref. 14], [Ref. 19]

185 1b (80 kg)

Wy

Propulsion

Double Base (DB) rropellant with single solid
propellant rockets (SR) motor. (booster-
sustainer design)

Type of Warhead: [Ref. 14]
Shaped Charge or Directed Fragments
Weight of Warhead: [Ref. 14]
33 1b (15 kg)
Fuze System: [Ref. 7], [Ref. 14], [Ref. 19]
Infra-red Proximity Fuze
Damage Mechanism:

Penetrators or fragments

11
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hysical Description

Dimensions. [Ref. 14], [Ref. 19]
Length: 178.3 in (2.93 m)
Diameter: 6.14 in (156.0 mm)
Span: 21.25 in (540.0 am)

Systeas.

Launchers: [Ref.'1u]

An eight-round 1launcher.
The Prench ships fitted with the Naval
Crotale missile are: [Ref. 14]

1. 2 Helicopter Carrier with two
launchers.

2. 16 C-70 Type with one launcher with a
magazine capacity for 26 Naval
Crotale missiles. ,

3. 3 F-67 Type with one launcher with a
magazine capacity for 26 Naval
Crotale missiles.

The Naval Crotale missile's console: [Bef. 7]

A combined mounting {air and surface) on
with a two axis stabilized radar director
and eight-round launcher; the radar director
also carries the guidance transmitter
antenna, two infra-red sensors, and a tele-
vision camera.
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Figure 4.1 Comparison of Masurca Missile
and DRBR-51 Tracking Radar.

antenna and other sensors for tracking and command opera-
tion. The launcher turret carries eight rounds.

After launching, the missile is automatically guided
onto the line-of-sight by an infra-red systen, and there-
after is guided by commands from the ship-based radar
tracker [Ref. 17: p. 37]. In addition, television tracking
can also be used if necessary at low angles of fire.




Masurca vs DBBR-51
Tracking in C-band (6 GHz), A = 0.05 m
Assunme:

Antenna diameter, 4 = 2.44 m

Antenna area, A = 4.67 sq.n

Receiver bandwidth, B = 1 MHz

Noise figure, F = 4.6 dB = 2.88 (from fig. 2.3)
(So/No)pi, = MW-7 @B = 29.51 i3

From equation 2.16; Sy, = 3.35X10 watts

E Assume:

o For an antenna efficiency, f = 0.85, A, = 3.97
Sq.m

For a target cross section 1 sgq.m, n = 31, and
Ls = 20

Average power, Pf = 5 KW

From eguation 2.18; Rmax = 46 knm
Fig. 4.1 shows the maximum radar range and the
maximum aand winimum missile range versus target

altitude.

- B. NAVAL CROTALE

g The Naval Crotale is a naval basic point defence missile
. systen. Guidance commands come from a radar tracker to
s steer an 80 kg missile at range up to 8.5 km (4.6 nmi)
- [BRef. 17: p. 37]. Target designation data can be accepted
3 from the ship's Central Operaticn Room or Fire Control Roonm.
F The ship's search radar (i.e. [RBV-26, DRBV-51C) [Ref. 14],

optical or infra-red trackers or other systems can be used
to lay the Naval Crotale fire unit onto the target. Only omne
operator is required at the Crotale console which 1links
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V. ROYAL NAVY

The surface-to-air missiles in the Royal Navy are:
1. SEACAT Missile.

2. SEA DART/LIGHTWEIGHT SEA DART Missile.

3. SEAWOLF/LIGHTWEIGHT SEAWCLF Missile.

4. SLAM Missile Systen.

5. SEASLUG Missile.

A. SEACAT

Seacat was the first shipboard system designed for
close-range defence as a replacement for rapid-fire guns.
It is a close-range, shipborne, subsonic, guided missile
system for anti-aircraft defence which may also be used
against surface targets within visual range. The missile
has a dual thrust solid motor, four fixed tail fins, hydrau-
lically driven wings clipped arocund the square-section fore-
body, potted guidance packs, and a relatively large
coantinuous rod warhead with direct action (DA) and proximity
fuzes. The guidance system is based on the use of optical
tracking and a radio link. The 1latest Seacat has a height
control facility which allows the missile to be flown to 2
meters alkove the sea or at prcgrammed sea-skimming levels
against low-level targets, including light craft and sea-
skimming missiles, or shore-based installations, without
danger of ditching. The height control provides a cushion
between the missile and the sea, with <clearance distance
automatically adjusted to minimize the danger of ditching
regardless of the sea state encounted. The <cruise height
can be selected between 2 meters and 10 meters depending on
the sea state and type of target. Once the missile is
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cruising smoothly, the operator switches from a 22.5 degree
field of view to 5.5 degree and continues to steer the
missile in azimuth until impact.

The reduced maneuvering resulting from the use of height
control extends Seacat's maximum range to 7 km, compared
with 5 km for the surface-to-air version. The minimum range
is 500 nm. The missile's 18-kg warhead is sufficient to
disable small ships, and the proximity fuze 1is effective
over a range of 15 m.

The basic form of the system, as Guided Weapon Systems
Mk 20 (GWS 20), adopted by the Royal Navy uses a "dustbin"
housing for the operator who tracks the missile after launch
through binoculars and sends steering comnmands by a thumdb
joystick control to keep the missile on the line-of-sight to
the target. The more recent GHWS 22 fire control systems
links a tracking radar to the ofperator's sight. The weapon
is also linked 1in various installations to foreign radars,
such as the Contraves SeaHunter, SanGiogio NA9. A light-
weight, three-round 1launcher (based on the short Tigercat
launcher) is available for light craft, such as minesweepers
and fast patrol craft, in order to provide juided-weapon
defence against low flying aircraft.

Length: 4.86 £t (1.48 m)
Diameter: 7.5 in (190.5 mm)

Span: 2.13 £t (650.0 mm)
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Systens.

Launchers:

[Ref. 33]

A standard four rouand launcher.

The Royal Navy ships fitted with the Seacat

missile are: [Ref. 33]

1.
2.

1 Hermes with two 4-round launchers.
3 County ZClass with two U4-round
launchers.

6 GP Frigates Type 2 Class with one
4-round launcher.

S Leander Class with three U4-round
launchers.

8 Leander Class with two U4-round
launchers.

7 Rothesay Type 12 Class with one
4-round launcher.

3 Tribul Type 81 <Class with two
4-round launchers.

2 Assualt (LPD) ships with four

4-round launchers.

The Seacat missile's console: [Ref. 19]

Guided Weapons System Mk 20 (GWS 20) for
optical systems or GWS 21, GHS 22, GWS 24
for radar systenms.

Types of radar required for the Seacat missile:
[Ref. 7], [Ref. 13], [Ref. 19]

Saurveillance radare.

Type:

Type 994 S-band search radar
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2.

Tracking radar.
Type: Type 904 tracking radar

Description:Type 904 is I/J-band fragquency with
conical scan tracking -radar. The latest
version is equiped with a Marconi television
system aligned with the radar bore sight for
missile guidance.

Launch Weight. [Ref. 14)

143 1b (65 kq)

Type of Warhead: [Ref. 14]
Continuous Rod Warhead
Weight of Warhead:
45.0 1b (20.45 kq)
Fuze System: [Ref. 7]
Passive IR proximity fuze and contact fuze
Damage Mechanism:

The rods. Approximate initial velocity of the
rods is 1,000 to 1,400 m/sec [Ref. 24: p. 164].
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Explosive Type: [Ref. W]

High Explosive (HE) warheadwith RDX/TNT and 33
lb (17.3 kg) weight.

4. ZTarget Detecting, Tracking, and Missile Guidance

The missile is a radio command guidance type with
the command to line-of-sight (ClOS) navigation systenm. The
incoming target 1is acquired by the TIype 994 radar and is
locked on by the RTN-10X tracking radar whem the target is
in range. There are three types of target engagements:

1. The basic form of the system is GWS 20. This consists
of separate launcher and operator mounts, the latter
carry sighting binoculars whose elevation is followed
by the missiles. As socn as the target is acgquired
and within range, a missile is fired, coming into
view of the tracking oftics in about 7 seconds at
1,000 £t (300 m) and after that the operator still
guide the missile until intercept. Manual gathering
and manual guidance by the operator keeps the
tracking flares on two fins 1lined up with the target
by a command joystick.

2. The GWS 21 and GRS 22 use different Royal Navy radars
to give night time fire capability. This system can
engage the target as follows:

Radar tracking, manual gathering, and mapual
guidance.

Radar tracking, manual gathering using TV

monitor, and manual guidance using TV monitor.

Radar tracking, automatic gathering from TV data,
and automatic guidance from TV data.
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3.

The GWS 24 gives blind fire capability. This systen
can engage the target as follows:

Radar tracking, automatic gathering from TV data,
and manual guidance using radar display.

Radar tracking, automatic gathering from TV data,

and automatic guidance from radar data.
Type of Guidance: [Ref. 17: p. 40]

Radio Command Guidance
Type of Navigation: [Ref. 17: p. 40]

Command to line-of-sight (CLOS)

subsonic missile, 750 f£t/sec (450 knot/hr)

Mininam/Maximum Range: [Ref. 21: pe 1439],
[Ref. 38: p. 283)

500 - 5,000 m for the surface-to-air version

500 - 7,000 m for the surface-to-surface version

Minipum/Maximun Altitude: (Ref. 21: pe 1439],
[Ref. 34: p. 283)

6.6 - 33.0 ft (2 - 10 a)
Target Maneuverability:

no information available
Target Destructibility:

no information available
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B. SEA DART/LIGHTWEIGHT SEA DABT

The Sea Dart (GWS 30) is an all-weather, medium-range,
2 area—-defence system designed to counter the threat posed by
aiccraft flying in excess of Mach 2.0 and by surface and air
launched missiles. As a multi-role missile system, the Sea N

a8 e
R I I

Y

Dart can also be used in an anti-ship capability. Launch
rate is rapid, but the weapon system was not designed to
engage simultaneously many targets. The missile is launched
from a twin (duwal) arm Mk 30 lauancher with a magazine
capacity for 20 Sea Dart missiles and uses semi-active radar y
hoaing all-the-way with the profortional navigation law.
Lightweight Sea Dart is intended for ships from 300 tons
upwvard. The Lightweight Sea [art has been developed from
the existing Sea Dart Guided Weapon System GWS 30. The
pecrformance of Lightweight Sea Dart is dependent on the

¥
Y.

A

capacities of the surveillance and tracking radars fitted.
The ship's surveillance radar is used to provide the basic

target detection and is used to point the tracking radar.

1. PRhysical Description

TN

Dimensions. [Ref. 14]
Length: 14 ft 5.25 in (4.40 m) X
Diameter: 16.5 in (420.0 nm) ?
Span: 30.0 in (960.0 mm) o
Systeas.
t Launchers: [Ref. 19], [Ref. 33] :

A twin (dual) arm launcher.

.,,,,..
"I'l‘l'l‘."
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The Royal Navy ships fitted with the Sea fi.
Dart/Lightweight Sea Dart missile are: ;;“
1. 3 Invisible with a single twin (dual) f..
arm Mk 30 launcher with a magazine Zﬁﬁ‘
capacity for 22 Sea Dart missiles ﬁ?j

[Ref. 19), [Ref. 33]. .--‘*

2. 1 Type 82 with a single twin (dual) o
arm Mk 30 launcher with a magazine gﬁf
capacity for 40 Sea Dart missiles fi;:

[Ref. 11: p. 586]. .,.4

3. 9 Type 42 with a single twin (dual)
arm Mk 30 launcher with a magazine
capacity for 40 Sea Diart nmissiles

3 The Sea Dart missile's console: jfi

Guided Weapon System Mk 30 (GWS 30) receives
main command control from ADAWS 2 Action tf*
Data Automation Weapon Systen. -

Types of radar required for the Sea Dart ji;k
pissile: e
ia,
Surveillance radar. R
Type: Type 965 2-D air search radar Ef
Type 992 height-finding radar i
|
Tracking radar. Tl
TYpe: Type 909 tracking/illuminating radar
Description:Type 909 TIR is a G/H-band freguency E'f
range. The antenna has a diameter of 8.0 ft e
(2.44 n) and is of the cassegrain type. It e
has ECCM which are incorporated to counter NG
._‘.q‘"
both active and passive ECH. T
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. launch Weight. [Ref. 14]

1,210 1b (549 kgq)

' 2. Propulsion

Tandea Integral Rocket-Liquid Fuel Ramjet
Configuration

Launch: Composite double base booster
Cruise: Kerosene liguid fuel ramjet

Type of Warhead: [Ref. 24: p. 164]
Fragmentation with externally grooved casing
Weight of Warhead:
no information available
Fuze System: [Ref. 4]
Direct Action (DA) and Proximity Fuze
Damage Mechanism:
a large number of fragments
Explosive Type:

& High Explosive (HE) warhead

4. Target Detecting, Tracking, and M¥issile GUidance

The missile uses semi-active radar homing guidance
with proportional navigation. The engagement operation
begins when the incoming targets are designated generally by

L)




the Type 965 air search radar and in a more precise fashion
by the Type 992 S-band target-indicator radar. The informa-
tion of the target is passed on to the ADAW 2 Action Data
1 ) Automation Weapon System which sends commands to one of two
] tracker/illuminator radars (TIR) Type 909 to lock on to the
target and illuminate it for the missile's receiver and

homing system. At the same time, the ADAW 2 passes commands
to the Guided Missile System Mk 30 (GWS 30) or Mk 30 Mod 2
}GHS 31) launcher, causing the launcher to follow the Type
909 radar and point at the predicted interception position.

When the target is in range, the missile is fired.
The Sea Dart is accelerated off the launcher by a solid fuel
rocket booster which propels it to a speed of Mach 2.0 in
2.5 seconds. The target sustainer motor then ignites, the
booster is jettisioned, and the missile accelerates up to
Mach 3.5.

buring flight, the Sea Dart semi-active missile
guidance requires target velocity data as well as direction
guidance via the fire control systen. In addition to
tracking the target, the TIR illuminates it so that Sea Dart
homes in toward the target by proportional navigation using
four interferometer receiver aerials spaced around the
double-shock nose inlet to pick up reflected radiation
energy from the target. The missile obtains its doppler
information by comparing the reflected beam with a bean
transmitted directly from the Type 909 to continually update
the predicted intercefrtion point.

Type of Guidance: (Ref. 14: p. 190), [(Ref. 17: p.
81]

semi-active radar homing (SARH)

TETETY TR V¥ VOV VOV SRy v v

Type of Navigation: (Ref. 14: p. 190], [Ref. 17: p.
41]

Proportional Navigation
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S. Performance R

i Speed: [Ref. 14: p. 60) o

Mach 3.5 5

Minimum/Maximum Range: [Ref. 58] 53:

: s

l 30 - 50 km A

- .-‘\.-’

.- ."n‘_i

. Minimam/Maximum Altitude: [Ref. 17: P- 413, ;ﬁx

: [Ref. 19] S

- RO

o

"l 100 - 82,000 £t (30 - 25,000 m) 4

Target Maneuverability:

no information available

X
i Target Destructibility:
no information available
i Sea Dart vs Type 909
Tracking in G/H-band (6 GHz), N\ = 0.05 m
Antenna diameter, d = 2.44 nm L
Antenna area, A = 4.67 sg.m fﬂf
| Assume: :fq
l , Receiver bandwidth, B = 1 MHz @fq
: Noise figure, F = 4.63 dB = 2.9 (from fig 2.3) RS
(so/Nohnn, = 1.7 4B = 29.51 -3
From equation 2. 16; smin = 3.4X10 watts
Assune: ]
For an antenna efficiency, p = 0.85, A, = 3.97 Zﬁq
sqg.m e
)
For target cross section 1 sq.m, n = 30, aad :;:
Ls = 20 S
Average power, P, = 1.5 KW il
AN
N
From equation 2. 18; Rmax = 72 knm raﬁ
.
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Fig. 5.1 shows the maximum radar range and the
maxinum and ninimum missile range versus tarjet

altitude.
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Figure 5.1 Comparison of Sea Dart Missile
and Type 909 Tracking Radar.
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C. SEAWOLFP/LIGHTWEIGHT SEAWNOLF

The Seawolf is a short-range defense system based on a
fast, agile missile and a highly accurate control systenm
capable of working in all types of weather and under clut-
tered conditions. The Seawolf missile employs line-of-sight
guidance radar differential tracking or television, both
with t.e radio command. The main units of the system are
the surveillance radar, the tracking radar, command guidance
equipment, the data handling and control systen, and the
launcher with missiles. The Seawolf is designed to inter-
cept aircraft, sea-skimmipng missiles, acd small, Mach 2
air-launched stand-off weapons in severe weather and has
capability against supersonic missiles approaching at Mach
3.0. The Seawolf missile is of cruciform configuration with
fixed wings and moving fins for aesrodynamic control. Its
length is approximately 1.9 meters and its overall weight is
about 82 kg. Weighing approximately 14 kg., the fragmenta-
tion warhead is detonated by impact or proximity fuzes.

The GWS 25 Seawolf is launched from a Vickers six-barrel
launcher, which 1is large and heavy, and with a magazine
capacity for 12 Seawolf missiles. The complete GWS 25
system comprises the following units: [Ref. 7: p. 106]

' Air and low-air surveillance radar, Type 967 and 968

Radar trackers, Type 910, and IV trackers

Command transmitter

Launcher a2nd firing systen

Missile and handling frame

Data handling

Guidance shaping unit

Operations consoles

Magazines

However, the new version is designed to vertical launch for
the 1lightweight Seawolf, kncwn as Seawolf VM4O. The
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launcher box has integral efflux ducts, the exhaust gases
travelling up the ducts between the missile's cruciform
surfaces and a magazine capacity for 49 ready-to-fire
missiles. Also, the new tracking radar has two alternatives
as follow:

The Marconi 850 SW +tracking radar with director to
produce a Seawolf system suitable for fitting in ships with
displacements of less than 1,000 tonnes that can not support
a full GWS 25 guidance system, called Flywolf [Ref. 36: p.
238). The 850 S¥ is a lightweight, dual frequency differen-
tial tracker radar which added the millimetric wavelength
DN181 Rapier Blindfire radar and elements of the original
the Royal Navy GWS 25 systen. The m@millimetric radar
provides accurate tracking at low elevation.

The Anglo/Dutch VM 40 tracking radar is derived from the
Hollandse Signaalaprparaten, which bLas added-on a K-band
tranceiver, command-link antenna, and a beacon receiver. 1In
particular it gives amn ability to track accurately the
lowest targets by radar without the aid of a television
system by application of a dual frequency band radar.

The main parts of the Seawolf VM40 system are: [Ref. 7:
pp. 106-107]

Electronic System: A computer and control system interfaces
automatically with the ship's action information systenm.

Tracker System: Application of a dual frequency band radar

tracker with narrow beams virtually eliminates multipath
effects, improves tracking accuracy, reduces jamming sensi-
tivity and enables 1low level target trackinj. A vedeo
processor enables the system to 1look through various simul-
taneous types of clutter (e.g., sea clutter, rain clutter,
and land clutter) giving excellent separation of incoming
targets and outgoing Seawolf missiles.
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2. More precise target location by the Type 277
height-finder

3. As the target comes into range, the target is desig-
nated to the Type 901M in three coordinates. The
Type 9018 locks on to the target, aims the lattice
launcher and fires a missile as soon as the range is
correct.

The Type 901M beam continually tracks the target.
The guidance equipment on-board the missile includes a rear-
vard facing antenna that senses the target tracking Leam.
Steering signals, that are based on the position of the
missile with respect to the center (or the scanning axis) of
the target tracking bean, are computed by Mk 1 or Hk 2
computer control system aand sent to the tail control
surfaces. These correction signals produce control surface
movements intended to keep the missile as nearly as possible
in the center of the coded pencil bean. The missile can be
said to ride the beam; it does not see the target.

In the surface target role the same beam is used,
though there are small difference in technigue. It is

assumed that most such targets are surface ships.
Type of Guidance [Ref. 17: p. 42]
Beam riding guidarnce
Type of Navigation:

no information available

5. Performance

Speed: [Ref. 19]

Mach 1.8
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launch Weight. [Ref. 19]

500 kg (2,000 kg with booster)

Launch: 4 wrap around solid propellant
booster
Cruise: A solid propellant sustainer -]

3. FH®arhead Section
Type of Warhead:
no information available
Weight of Warhead: [Ref. 14]
297 1b (135 k9q)
Fuze Systen:
Direct action (DA) and proximity fuze
Damage Mechanism:
no information available

Explosive Type:

High Explosive (HE) warhead

4. Target Detectinygy, Iracking, and Missile Guidance

A typical control sequerce might be;

1. Targets are detected at long range by the Type 965

3-D surveillance radar radar.
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Systenms.
Launchers: [Ref. 14], [Ref. 19]
A twin (dual) arm launcher.

The Royal Navy ships fitted with the Seaslug
missile are: [Ref. 19]

1. U4 County Class with one twin (dual)
arm Mk 1 launcher with a magazine
capacity for 30 Seaslug missiles.

2. U4 County Class with one twin (dual)
arm Mk 2 launcher with a magazine

capacity for 30 Seaslug missiles.
The Seaslug missile's coasole: [Ref. 19]
Guided Weapon System Mk 1 and Mk 2
Types of radar required for the Seaslug missile:
Surveillance radare.

Type: Type 965 air search radar with a
single-mattress (AKE-1) for Mk 1 and
double-mattress (AKE-2) for Mk 2.
AKE-2 consisting of two AKE-1, one
atop the other.

Type 277 height-finding and low
flyer detector radar.

Tracking radar.
Type: Type 901 tracker group radar

Description:Type 901 operates in X-band.
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Target Maneuverability: [Ref. 7]
slow moving or stationary targets
Target Destructibility:

no information available

BE. SEASLUG

Seaslug is a long-range guided miscsile. It is a bean
riding guidance missile with a 297 lb (135 kg) warhead
weight with direct action (DA) and proximity fuze. Targets
are detected at long range by the Typ2 965 air search radar
and in a more precise fashion by the Type 277 h2ight-finding
radar and the Type 901 radar which is the Seaslug tracking/
illuminating radar.

There are two versions of the missile, the Mk 1 and the
Mk 2, the latter having a langer range and better low-
altitude performance. Both missiles can be used against
surface targets. The missile proper is cylindrical with a
pointed ogival nose-cone and cruciform fixed mid-body wings
indexed in line with <cruciform pivoted tail control
surfaces.

1. BRhysical Description
Dimensions. [Ref. 14]
Length: 19 £t 8 in (5.99 M) for Mk 1
20 ft 0 in (6.10 m) for Mk 2
Diameter: 16.1 in (40%.0 mm)

Span: 4 ft 8.6 in (1.437 m)
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4. Target Detecting, Tracking, and Missile Guidance

Target acquisition is Ly means of the attack peri-
scope, the launcher being automatically aligned with the
target in azimuth when the launcher mast is raised. The
operator then seeks the target's elevation and tracks it on
his TV screen. A thuab button controller, which also
controls the launcher system, enables the operator to main-
tain the target in the screemn center. He then selects and
fires the missile. When the missile is fired, the thumb
button controller is disconnected from the launcher control
circuits. The radio-command guided missile is automatically
gathered onto the 1line-of-sight and appears on the TV
screen, at which point the operator controls its flight with
the same thumb button controller. The launcher is able to
continue tracking the target by means of a rate memory
circuit which is built into the launcher control loop.

Type of Guidance:
Radio Ccmmand Guidance
Type of Navigation:

Command to line-of-s=ight

Speed: [Ref. 14]
Mach 1.5

Minimum/Maximum Range: [Ref. 17: p. 44]
max. 3,000 m

Minimum/Maximum Altitude: [Ref. 17: p. 44]
max. 2,000 m
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TV camera, missile control eguipment, and
gyro sub-system for launcher stabilization.
The launcher is retractable into a pressure
vessel ensuring integfity while the subma-
rine is dived.

Type of radar required for SLAM missile systen:
TV sight system and guidance electronics
launch Weight. [Ref. 14]

26.5 1b (11.0 kg)

2. Propulsion

Solid Propellant Rocket motor [Ref. 7],
(Ref. 14]

3. ©¥Harhead Section
Type of Warhead: [Ref. 5], [Ref. 24: p. 164
Fragmentation with smooth fragment casing
Weight of Warhead: [Ref. 7: p. 143], [Ref. 14]
4.85 1b (2.2 kg)
Fuze System: [Ref. 7: p. 143]
Impact or Proximity fuze

Damage Mechanism:

a large number of fragments
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D. SLaM MISSILE SYSTEM R
The Submirine-Launched Airflight Missile (SLAM) is
designed to defend submerged submarines against slow

aircraft and surface craft. The system uses the Blowpipe
missile which was originally developed as a man-portable

anti-aircraft missile. The SLAM launcher consists of six
BLOWPIPE missiles grouped round a central electronics and TV
unit which is used as the 'eye" of the system for missile
guidance. The system tracks, fires, and guides the missile

-——

by the operator who uses the periscope for control by means
of a remote control TV systen.
1. Physical Description -
Dimensions. [Ref. 14] :
Length: 55.1 in (1.40 m)
Diameter: 3.0 in (76.0 mm) i;;l
Span: 10.8 in (274.0 am) (tail fins) Ei?f

Systeas.
Launchers: [Ref. 14]
A single 6-round launcher.

The PRoyal Navy ship fitted with the Sial
system is: [Ref. 41]

Oberon Class submarine with a single

launcher.

The SLAM pmissile's console:

The launcher carries six BLOWPIPE missiles

clustered round a watertight housing with a

‘:-:“.\
%3 A



Is = 20
Average power, Py = 5 KW

From equation 2. 18; Rpox = 30 km
Fig. 5.2 shows the maximum radar range and the
maximum and minimum missile range versus altitude.
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Pigure 5.2 Congarison of Seawolf Missile
and Type 910 Tracking Radar.

142




Type of Navigation: [Ref. 7: p. 517])], [Ref. 38: p.
76]

Command to line-of-sight (CLOS)

S. Performance

Speed: [Ref. 28], [Ref. 40]
Mach 2.0
Minimum/Maximum Range: [Ref. 40]
max. 2.5 omi (4,630 m)
Minimam/Maximum Altitude: ([Ref. 7: p. 107]
intercept 2,000 ft (600 m) above sea level
Target Maneuverability: [Ref. 39]
Seawolf can engage Mach 3 missile and aircraft
Target Destructibility: [Ref. 40]

Single Short Kill Probability, Pkss is reported
to be greater than 80 R%.

Seawolf vs Type 910

Tracking in I/J-band (15 Gdz), A\ = 0.02 m
Assupe:

Antenna diameter, d = 1 m

Antenna area, A = 0.79 sq.n

Receiver Lrandwidth, B = 1 MHz

Noise figure, F = 4.30 4B = 2.69 (from fig 2.3)

(S°/N°)min = 14,7 4B = 29.51

-3
From equation 2.16; S = 3.18X10 vatts

min
Assume:
For an antenna efficiency, f = 0.85, A, = 0.67
. Sq.0

For target cross section 1 sq.m, n = 30, and
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tracking for the target and the Seawolf missile. The
tracker computer calculates the launcher angle necessary to
direct the direct missile into the gathering bean.

Once the tracker locks on to the target it starts
tracking, with the surveillance radar continually supplying
an update of information, until the end of engagement. The
launcher is instructed by the data handling computer,
Ferranti FM 1600B, to point at the target and the system is
ready to fire some five to six seconds after tracker alloca-
tion. When Seawolf 1is launched, the Type 910 tracks its
target using two I-band beams vwhile the missile locationm is
derived from 1I-band beacon signal from the missile. The
difference between missile flight path and beam centerline
is measured 100 times a second, and a course modification is
transmitted to the missile to bring it to the line of sight
to the target. Furthermore, there are two command dishes
operating at slightly different frejuencies to reduce the
effects of land and sea clutter and the multipath echoes.

Since the GWS 25 Mod O relative wide tracking radar
beam is ineffective below 1.5 degree elevation, a TV tracker
is provided for use against low-level targets. Therefore,
Marconi Radar exhibited a model of the GWS 25 Mod 1 tracking
array that improves low-angle tracking in ships fitted with
the GWS 25 Mod 0. The Mod 0 uses the Type 910 centrimetric
tracking radar plus a TV systes, which 1is inherently
weather-limited. In the Mod 1, however, the TV camera is
replaced by the Rapier Blindfire DN181 millimetric
differential-tracking radar, the whole being designated Type
911. Deletion of the TV would permit the removal of smoke
inhibitors in the  missile propellant, improving burning
efficiency and hence nmissile performance.

Type of Guidance: [Ref. 7: p. 517]

Microvave Radio Command Guidance

-“ f. DAL S
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ol Damage Mechanism: ([Ref. 38: p. 77]

High spherical shaped blast wave produced by the
= detonation of the high explosive (HE) charge.

o Explosive Type:

High Explosive (HE) Warhead

4. Target Detecting, Tracking, and Missile Guidance

The Seawolf missile has command to line-of-sight
navigation with radar differential tracking, or an operator
Z;I may view the target via a television tracker and aim the
s missile to an impact fpoint, both with radio command. The
f{ engagement event begins when the ship's surveillance radar
Type 967 L-band air search radar, or the Type 968 S-band for
low air-cover and surface search radar, detects all the
approaching targets. The IFF system simultaneously identi-
fies those which are potentially hostile and then the ship's
computer measures the incoming target velocity, bearing, and
range. The surveillance data handling systen, a digital
computer, allocates a tracker tc the mcst threatening target
and feeds it with track coordinates. The Type 910 tracker
group has one main dish and two side auxiliary dishes, all
circular and operating in the 1I/J-band, it uses electronic
angle tracking (EAT) to give precise and smooth tracking.

Within two or three seconds of a target being
detected, the data from the search radar is passed on to the
computer-controlled tracking system which then commands the
launcher to pick up the missile, slews the tracker to the
- correct bearing, and commences a search in elevation,
2; bearing, and velocity leading tc target acquisition and lock
-TS on. If the target is approaching at low level, the systen
ff; switches to the television equipment which provides separate
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and lower portions which provide accurate

tracking at low sight angles against targets
close to the sea surface. The radar uses
differential tracking for simultaneous
target and missile tracking. An electronic
angle tracking (EAT) receiver incorporated
within the tracker detects both boresight
errors for accurate positioning of its own
antenna and the angular difference between
the missile and the target. Commands are
automatically transmitted to the missile to
guide it to the line of sight.

Launch Weight. [Ref. 14]

180 1b (82 kg)

2. Propulsion

Tandem-Integral Rocket-Liquid Fuel Ramjet
configuration and a tandem boost motor with
integral thrust vector control for Lightweight
Seawolf.

3. ¥Harhead Sectio

=]

9 Type of Warhead: [Ref. 39), [Ref. 40: p. 107]
Blast fragmentation

Weight of Warhead: [Ref. 14]
31 1b (14 kq)

Fuze System: [Ref. 39]

Proximity and Contact Fuze
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Ty pes of radar required for the

Seawolf/Lightweight Seawolf missile are:

Surveillance radar.

IR
ot e

Type: Type 967 and 968 L-bani and S-band

pulse doppler surveillance radar

AR

Tracking radar.

Type: Type 910 tracking radar
TV tracker
Type 911 tracking radar

Description:Type 910 is a monopulse, I/J-band,
differential tracker radar incorporating
v electronic angle tracking (EAT) receiver for
- small angle and maximum accuracy. This is a
self-adaptive system which is capable of
controlling and directing a number of
Seawolf missiles to interception with only
one target. It is mounted on a stabilized,
;} tightly controlled director fitted with a TV
o tracking system for low angle engagements.
The missile command transmitter aerials are

;i: . also mounted on the director.

g Type 911 is the Marconi 850 SW for the
- lightweight Seawolf. The radar is I-band
and Ka-band [Ref. 38: p. 77] millimetric

vave (dual) frequency differential tracking

: system which includes a command 1link to
. control the Seawolf missile during flight.
] "The I-band antenna uses fast fourier trans-
form techniques to ensure effective opera-

tion 1in severe clutter environments. The

millimetric Ka-band antenna has the upper

----------- ".:'...‘-.. ..' SRR
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Launcher System: The launcher can be reloaded automatically

from a vértically below-deck ready-use magazine.

1. Physical Description
Dimensions. ({Ref. 14)
Length: 75.0 in (1.9 m)
Diameter: 7.1 in (180.0 mm)
Span: 22.0 in (559.0 mm)
Systens.
Launchers:' [{Ref. 14], [Ref. 33]

A six missiles box launcher for the Seawolf
GWS 25 system. A four missiles box launcher
for the Lightweight Seawolf VM40 system.

The Royal Navy fitted with the Seawolf
missile are:
1. 4 Type 22 with two six-box launchers
(Ref. 14], [Ref. 33].
2. 5 Type 22 with single six-box
launcher [Ref. 14], [Ref. 33].
3. 3 Invisible Class [Ref. 37: p. 89].
4. Type 23 [Ref. 37: p. 89].
5. Type 24 A [Ref. 37: p. 89].
6. Type 42s [Ref. 37: p. 89].
7. Type 44 [Ref. 37: p. 89].

The Seawolf missile's console: [Ref. 37: p. 89]

Guided Weapons System Mk 25 Mod 0O (GWS 25
Mod 0) and GWS 25 Mod 1
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Minimum/Maximum Rarge: ([Ref. 14]

max. 28 mi (45 km) for Mk 1
max. 36 mi (58 km) for Mk 2
slant range 15 mi (24 km) [Ref. 19: p. 189]

Minimum/Maximum Altitude: [Ref. 19]

500 - 50,000 £t (150 - 15,000 m)
Target Maneuverability:
no information available
Target Destructibility: [Ref. 14]
Single Shot Kill Prababilitf, Pkss = 0.92

Seaslug: Type 901

Tracking in X-band (10 GHz), ),= 0.03 m
Assume:

()

v

Antenna diameter, 4 = 2.44 nm

2 (it
NIAOAD

f ST
.. P R

- Antenna area, A = 4.67 sqg.m

L el A Sl S
BRI
'

< Receiver bandwidth, B = 1 MHZ

= Noise figure, F = 4.90 dB = 3.09 (from fig 2.3)
(S°/N°)min = 14.7 4B = 29.51 3

From egquation 2.16; S = 3.65X10 watts

L4
.

L 4

min
Assune:
For an antenna efficiency, F = 0.85, Ae = 3.97
- Sq.m

For target cross section 1 sgq.m, n = 30, and
Ls = 20
Average power, P{ = 10 KW

. From equation 2.18; R = 70 km
s max

Fig. 5.3 shows the maximum radar range and the

X maximum and oninimum missile range versus target
- altitude.
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VI. ITALIAN NAVY

The surface-to-air missiles in the Italian Navy are:
1. ALBATROS ASPIDE Missile Systen.
2. STANDARD SM1-MER Missile.
3. STANDARD SM1-ER Missile.
4. NATO SEASPARROW Missile.

A. ALBATROS ASPIDE MIS<ILE SYSTEM

The Albatros missile system is to be considered as a
part of the ship's air defence system that interfaces with
be ship's gunfire control system. The system provides for
the store, launching and guidance of the Aspide missiles. It
is composed of a number of units, which may be grouped in
three major items: [Ref. 42]

1. The Albatros missile systean.

The Albatros missile system provides control for the
firing of the Aspide missiles against the assigned target.
The system interfaces with +the Gun Fire Control Systen
(GFCS) through the Missile Section Control Unit. This unit
contains a computer and performs the supervision and control
of operation of the complete system. The CW energy for
target illumination and missile reference, is generated by
the CW transmitter group and injected directly into the Gun
Fire Control System wavequide assembly for radiation through
the tracker antenna. Missile firing is controlled at the
Weapon Control Console of the associated GFCS by means of a
missile control panel. Initial orders to the launcher are
sent during the acgquisition phaée, for moving the launcher
in the stand-by condition to the present point direction.

The maximum firing rate is one pmissile every 2.5 seconds.
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2. The Albatros store and reload system.
The albatros store and reload system is based on a
hydraulically operated 16-unit missile magazine (12 or 8
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missile unit magazines are also available) which can be
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mounted below the 1launcher deck or on the same deck of the
launcher.

P

3. The Aspide missile.
The Aspide missile is a mnmulti-role, point defence,
supersonic missile (Mach 2.0), powered by a single stage
solid propellent rocket motor. Four movable wings, arranged

it P e .
S ECRERRENEN
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R f e

in a 45 degree off center 1line pattern, are situated along
the missile fuselage, for roll stabilizatipn and steering
control, while other four fixed fias, in line with the
control surfaces, provide aerodynamic lift and stability.
The ¢type of guidance is the semi-active guidance with
proportion navigation. The target is illuminated by the CW
enerqgy gener&ted by the Albatros system illuminator. The
Aspide missile seeker receives the target echo in its front
receiver and the direct illuminator signal in the rear
receiver.
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1. Physical Desgription
Dimensions. [Ref. 42]

Length: 12.14 £t (3.7 m)

Diameter: 8.0 in (203.0 nm)

Derot 4 A
o PRI L

Span: 31.5 in (800.0 mm)

Systess.
Launchers: [Ref. 42]

A standard B8-cell missile 1launcher with a
magazine capacity for 16, 12 or 8 missiles
depending upon ship's spare availability.
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The TItalian Navy ships fitted with the
Albatros Aspide missile are: [Ref. 19]

1. 1 Garibaldi Class (Giuseppe
Garibaldi) with two 8-zell Albatros
launcher with 16 Aspide ready reload
and 56 mcre in reserve. [Ref. 31],
[Ref. 43: p. 23]. Of these 32 are
contained in two 16-round magazines.

2. 1 Animoso Ardimentoso in "Improved
Audace" destroyers Class with one
8-cell Albatros launcher.

3. 8 Maestrale Class with one 8-cell
Albatros launcher with 16-missile
magazine below the deck just behind
the launcher. ([Ref. 44: p. 432]

4. 4 Lupo Class with one 8-cell
launcher .25

5. 4 New construction corvettes with one
8-cell Albatros launcher.

The Albatros aAspide's console:

Albatros missile system consists of;

1. Missile guidance sub-section
2. Missile launching sub-section
3. Missile magazine

4. Aspide missile

The Albatros systems are controlled by the
fire control system NA 30 A (or B) associ-
ated with fire control radars; i.e. RTN 30
etc. ; the ofptical-electroniz (optromnic)
sensor package comprising an infra-red

2SAspide missile can be launched from NATO Sea Sparrow
laancher.
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thermal camera, a laser arrange finder and a lfij
daylight TV camera [Ref. 43: p. 23]. —

Types of radar required for the Albatros Aspide o
missile: [Ref. 14] };i

Surveillance radar. SRR
o

Type: Type RAN-10S S-band combined search o
surveillance radar. 'ﬁfi

Tracking radar. -

Type: RTN 12X CW illumination radar , L
RTN 30X I/J-band monopulse tracking g
radar '

Description: The RTN 30X is a monopulse acquisi-
tion and tracking radar operating in the
I/J3-band. It has intercepted target up to 15
km [Ref. 7: P. 498] and is particularly
optimised to counter the 1low and very low

altitude threat in an environment character- fﬁfﬁ
ized by rain, sea, and land clutter, and G
dense ECM (electronic countermeasures). The :

RTN-30X employs a coherent chain for RF m;?
generation and operates with freguency 3f!
agility and simultaneous MTI processing. ;ii
Independent search and acquisition patterns s

are automatically performed according to
computer programs. After radar lock-on, the
radar switches to automatic tracking in :
which regeneration is provided by the NA 30 e
fire control computer system.26

— - = ~'i

rale, Garibaldi Class [ Ref. 45: p. ~—=
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lLaunch Weight. [Ref. 42]

484 1b (220 kg)

2. Propulsion

A single stage solid propellant rocket motor.
[Ref. 42

Type of Warhead: [Ref. 42]
Preformed steel fragmentation
Weight of Warhead: [Ref. 47]
77 1b (35 kg)
Fuze System: [Ref. 14 ], [Ref. 42]
Active proximity sensor fuze
Damage Mechanism: [Ref. 42]

a large number of steel fragments and the blast

wave
Explosive Type:

High Explosive (HE) warhead

4. Target Detecting, Iracking, and Missile Guidance

e

The Aspide missile is the standard ammunition for .
the Albatros systen. Aspide is claimed to have capability
against all anti-ship aircraft or missiles including those
descending from above or skimming the waves. The type of
guidance of the missile is of semi-active radar homing which
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keeps the missile on a collision course following
proportional navigation.

Operation of the systems begins when the incoming
targets are detected by the RTIN 30X monopulse tracking
radar. The target information is then transfered to the NA
30 integrated weapon control system [Ref. 45: p. 271]. The
system commands the RIN 12X CW illuminating radar to illumi-
nate the target and launch the missile. The Aspide missile
seeker receives the target echo in its front receiver and
the direct illuminator signal from RTN 12X in the rear
receiver. In processing the two signals, there results
target doppler, which is used for automatic target range
rate tracking.

If the target radiates a jamming signal to deny the
target echo to the missile, the guidance system switches to
the passive home-on-jam mode. In this mode, the missile
derives the guidance information from the jamming signal
enitted by the target, thus allowing it to successfully
continue the intercept with the target. If the jamming
transmitter is turned off, the missile switches back to the
semi-active homing mode again.

Type of Guidance: [Ref. 7], [Ref. 14], [Ref. 42]
Semi-active radar homing (SARH)
Type of Navigation: [Ref. 42]

Proportional Navigation

et o e e e i e e

Speed: [Ref. 42]

Mach 2.0
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Minimum/Maximum Range: {Ref. 42]

very short ranges out to about 15 km
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Minimum/Maximum Altitude: [Ref. 19], [Ref. 42] -

1)
L )
(]

- E‘

oo
. 3
%

50 - 16,000 £t (15 - 5,000 m)
Target Maneuverability:

more than 30-g

Target Destructibility: [Ref. 42]

Single Shot Kill Prcbability, Pkss = 0.8
Double Shot Kill Probability = 0.96
Three Shot Kill Prolability = 0.992

Albatros vs RTN-30X
Tracking in I/J-band ‘15 GHz), A\ = 0.02 m

Assume:

Antenna diameter, d = 1 nm

Antenna Area, A = 0.79 sg.n

Receiver Bandwidth, B = 1 MHz

Noise Figure, P = 4.30 dB = 2.69 (from Fig. 2.3)

(So/N) .. = 14.7 dB = 29.51

Fer :ézglion 2.16; smin = 3.18X16’3 watts
Assune:

For antenna efficiency = 0.85, A, = 0.67 sqg.m

e
For a target cross section 1 sq.m, n = 30, and

s = 20, Pt = 5 Kw
From eguation 2.18; R = 30 km
max

Fig. 6.1 shows the maximum radar range and the

maximum and @ainimum missije range versus target
altitude.
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Figure 6.1 Comparison of Albatrons Missile
and RTN-30X Tracking Radar.
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B. STANDARD SH1-MR

The Standard SM1-MR missile has the same specifications
and missile guidance system on board The Italian Navy ships
fitted as used in the US Navy. The Italian Navy ships
fitted with the Standard SM1-MR missile are: [Ref. 11]

1. 2 Andrea Class with one single arm Mk 13 launcher
with 36 SM1-MR missiles stored.
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2. 2 Impavido Class with one single arm #k 13 launcher
with 36 SM1-MEK missiles stored. .

C. STANDARD SM1-ER

The Standard SM1-ER missile in the Italian Navy has the
same specifications and missile guidance system as used in
the US Navy. The Italian Navy ships fitted with the Standard
SM1-ER missile are: [Ref. 11]

1. 1 Garibaldi Class (Vittorio Veneto) with one twin
(dual) arm Mk 10 launcher with 40 SM1-ER missiles
stored. .

2. 2 Andrea Doria Class with one twin (dual) arm Mk 10
launcher with 32 SM1-ER missiles stored.

D. NATO SEA SPARROW

The NATO Sea Sparrow used by the Italian Navy has the
same specifications and missile guidance control as used in
the US Navy. The Italian Navy ships fitted with the NATO
Sea Sparrovw missile is: [Ref. 11]

. U Lupo Class with one 8-cell launcher.z27?

. 27NATO Sea Sparrow modified to also fire Aspide
missiles.
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VII. ISRAELI NAVY

The surface-to-air missile in the Israeli Navy is:
1. BARAK Missile.

A. BARAK

Barak is a ship point defence system design2d to have an
effective range of about 10 km against sea-skimming
missiles, aircraft, and other anti-ship threats. Barak is
capable of nultiple target engagements under all weather
conditions. The @missile weighs about 90 kg with a blast
fragmentation warhead and semi-active radar homing. ,

The system is comprised of three main units: a deck
launcher containing eight Barak missiles on which is mounted
an autonomous radar, a fire control unit which is mounted
below deck, and a processing unit. The radar on the
launcher unit, in addition to pointing with the launcher,
has its own rapid scanning capacity, such as EL/M-2221, a
dual-band radar with a single antenna providing both mono-
pulse tracking arnd target illuminating facilities. The
missile configuration incorporates cruciform wings and tail
control surfices. The Barak launcher can engage targets
within a 360 degree azimuth and between -25 degree and ¢+ 85
degree elevation.

Barak 1, is the latest version, uses the vertical launch
moie. The vertical launch units (VLUs) <can contain up to
eight missiles with a magazine capacity for a total of 32
missiles.
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Minimum/Maximum Range: {[Ref. 19]

26,000 - 33,000 ft (8,000 - 10,000 m)

Mininum/Maximum Altitude:

no information available

Target Maneuverability:

no information available

Target Destructibility:

no information available

Canadian Sea Sparrow vs WM20

Tracking in I/J-band (15 GHz), A,= 0.02 m

Assume:

Pig.

Antenna diameter, d = 1 m

Antenna area, A = 0.79 sq.m

Receiver bandwidth, B = 1 MHz

Noise figure, F = 5.38 dB = 3.45 (from fig. 2.3)
(s°/N°hnhy = 14.7 4E = 29.51

Antenna efficiency, p = 0.85, A, = 0.67 sge.nm

e
A target cross section 1 sq.m, n = 30, and
Ls = 20

Average power, P; = 5.0 K®

=/
From equation 2.16; Smip = 3.65X10 3 watts
From eguation 2.18; Rmax = 22 knm

8.1 shows the maximum radar range and the

maximum and mipimum missile range versus target
altitude.
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4. Target Detecting, Iracking, and Missile Guidance

The engagement event begins when the shipt's surveil-
lance radar detects all the approaching targets and, simul-
taneously, the IFF system identifies those which are
potentially hostile. The target velocity, bearing, and,
probably, size are measured. These data are passed on to
the computer-controlled tracker, Signaal WM 20, which
commands the launcher to pick up the missile, slews the
tracker to the correct bearing, and commences a search,
leading to target acgquisition. Once the tracker locks on to
the target, it starts tracking with the WM 20 tracker radar
continually supplying an update of information until the end
of engagement. The twin (dual) arm launcher is instructed
by the data handling computer to point at the target and the
system is ready to fire after tracker allocation.

During semi-active homing flight, the guidance and
control section of missile tracks a target using both the
target reflected 1illuminating signal and the tail-received
reference signal from the signaal WM20 radar and directs and
stabilizes the missile on its ccurse to the target. The fuze
initiates the warhead detonatior at the proper point of
intercept.

Type of Guidance: ([Ref. 14]
Semi-active radar homing (SARH)
Type of Navigation:

no information available

5. Performance
Speed: [Ref. 1W: p. 229]

Mach 3.7
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prediction. Search radar data are presented

on a PPI, air tracking data on an A-scope,

and surface tracking and spotting data on a

B-scope. Both antennas are fed from a

common I/J-band transmitter.
lLaunch Weight. [Ref. 14]

4,400 1b (200 kg)

ropulsion

Rocketdyne free-standing solid motor
Flexadyne propellant (Mk 38)

Warhead Section

Type of Warhead: [Ref. 14: p. 229]
Continuous stainless steel rod

Height of Warhead: ([Ref. 14]
66 1b (30 kg)

Fuze Systenm:
Direct Action (DA) and proximity fuze

Damage Mechanism: ([Ref. 14: p. 229]

Stainless steel rods which shatters into

fragments.
Explosive Type:

High Explosive (HE) warhead
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4. 2 control and interface group. el
Information from radar and other ol
input data are processed to determine =
target status and future position of 53;
targets. Then information generated ' E%g
is passed to the ship's tactical data s
system, to the GMFCS as the target . T
designations, and to the GMLS and Efi
missiles as pre-launch and steering L
commands. ;§~

Types of radar required for the Canadian Sea 2i7

Sparrow missile: [Ref. 11]

Surveillance radar.

Type: air search radar32

surface search radar33

Tracking radar.

Type: Signaal WM20 series fire control
radar

Description:The radar can track air and surface
targets simultaneously with the tracking

antenna in the upper position and the search R

antenna below. It is equipped with mono- if;

pulse tracking, track-while-scan facilities, ]

MTI search, pulse-doppler tracking, exten- ~1

sive ECCM facilities, a missile guidance 3}2

capability, and a digital computer for {i:

systen control tracking and weapon &B:

N

32Por example, SPS-49 air search radar for Halifax o

Class. {Q%
33For example, LM Ericsscn Sea Giraffe 150HC naval ¥

search radar. ey
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2. 6 Halifax (Canadian Patrol Frigate,
CPrF) Class31! yith sixteen vertical
Canadian Sea Sparrow launchers.

The Canadian Ss2a Sparrow's console: [Ref. 7: p.
96 ]

The system comprises four sub-systems:

1. The AIM-T7E2 Sparrow nissile. The
missiles can be fired singly or in
rapid succession, automatic pre-
launch commands being supplied to the
missile electrically.

2. A guided missile launching systen
(GMLS). It is carried on a four-
missile support pylon on an exten-
sible cantilever beamn. The launcher
head rctates automatizally about
horizontal and vertical axes under

. the control of the GMLS. The dual
launcher has a magazine capacity for
16 missiles.

3. A Signaal M22/6 gun/missile fire
control system (GMFCS). The M22/6
GMFCS provides simultaneously early
warning, air target tracking, and
surface tarjet tracking and can
control both the missiles and the
ship's gun in simultaneous operation
against air and surface targets.

. . 31Canada requires twenty, cnly six are on order so far
with tfe first BMCS Halifax, to be laid in December 1984 an
for deliver in 1989. Two ships will be delivered in 1990 and
two in 1991 and the sixth in April 1992.
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VIII. CANADIAN NAVY

The surface~to-air missiles in the Canadian Navy is:
1. CANADIAN SEA SPARROW Missile.
A. CANADIAN SEA SPARROW

The Canadian Sea Sparrow missile system is intended for

use in both surface-to-air and surface-to-surface
engagements.

1. Physical Description

Dimensions. [Ref. 19: p. 43]
Length: 4.0 in (3.66 m)
Diameter: 8.0 in (203.0 mm)
Span: 40.0 in (1020.0 nm)

Systeas.
Launchers: [Ref. 7: p. 96], [Ref. 14: p. 182]

A twin (dual) arm launcher

The Capadian Navy ships fitted with the
Canadian Sea Sparrow missile are: [Ref. 7],
(Ref. 11], [Ref. 14]
1T« 4 1Iroquais DD 280 Class destroyers
with two twin (dual) arm launchers (4
gquad launchers) with a magazine
capacity for 16 missiles, total 32
missiles stored.
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Assune:
Receiver bandwidth, B = 1 MHz
Noise figure, F = 4.3 dB = 2.69 (from fig. 2.3)
(so/No%n“7 = 14.7 4B = 29.51

From equation 2.16; S ;. = 3.18X1513 watts
Assunme:

For an antenna efficiency, r = 0.85, Ae = 0.67

sj. o

For a target cross section 1 sg. m, & = 30, Ls =
20
Average power, Py = 5 KW

From equation 2.18; R 30 km

max =

Fig. 7.1 shows the maximum radar range and the

maximaum and minimum missile range versus target
altitude.
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flight, the target and missile ranges, elevations, and bear- i
ings are continuously fed to a ship's computer systen. The A
Barak missile seeker receives the target echo 1in its front PO
receiver and the direct illuminator signal from the illumi-

nator radar.

Type of Guidance: [Ref. 7: p. 133]
semi-active radar homing (SARH)
Type of Navigation:

no information available

S. Performance

Speed:

supersonic
Minimum/Maximum Range: [Ref. 7: p. 133]
max. 10 km

Minimum/Maximum Altitude:

no
Target
no
Target

no

Barak vs EL/M-2221

Tracking in I/J-band (15 GHz), )\ = 0.02 m
Antenna diameter, 4 = 1.0 n
Antenna area, A = 0.79 sq.nm

........

I. . T
’
s
dats

Sy,
0

5

information available
Maneuverability:
information available
Destructibility:

information availatle
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launch Weight. [Ref. 7: p. 133]

198 1b (90 kg)

N
.
kv

ropulsion

Solid propellant rocket motor.

3. ©Harhead Section
Type of Warhead: [Ref. 7: p. 133]
Blast fragmentation
Weight of Warhead:
no information available
Fuze System: ([Ref. 7: p. 133]
Contact and proximity fuze

Damage Mechanism: ([Ref. 5]

Blast wave produced by the detonation of the

high explosive (HE) charge
Explosive Type:

High Explosive (HE) warhead

4. Target Detecting, Tracking, and Missile Guidance

The operation of the system begins when the incoming
targets are designated to the fire control system, the EL/N
2221 by the air search radar, presumably the EL/M-2207 naval
search radar. The EL/M-2221 tracks as well as illuminates
the target. When the target comes into the range of the
missile, the missile is launched. During semi-active homing

. '-. '-f "‘.."...'... '.,"..'l.' ;
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1. Physical Description

4 Dimensions [Ref. 7: p. 133]
~ Length: 7.87 £t (2.40 n)
Diameter: 38.1 in (150 nmm)
Systeas.
Launchers: ({Ref. 7: p. 133]
A standard eight missile launcher.
The Barak's console: [Ref. 7: p. 133]

The system consists of 3 main units:
1. A deck launcher containing eight
Barak missiles. '
2. A fire ccntrol console.
-i 3. A processirng unit.
Fach Barak system has a magazine capacity
for total 32 missiles.

Type of radar required for the Barak's missile:

oh Surveillance radar.

; Type: EL/M-2207 F-band naval search

N radarz®
. Tracking radar.29

Type: EL/M-2221 J-band naval fire control

radar30

e 2825 the exam in the Israeli Navy. It is not required
= for the Barak m?sgife. Y !

o 29The Barak dual-band radar with single antenna provides
- both monopulse tracking and target illumination.

30As the example in the Israeli Navy. It is not reguired
for the Barak m%sg%le. Y d
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IX. SOVIET NAVY

The surface-to-air missiles in the Soviet Navy34 are:
1. SA-N-1 Goa Missile.
2. SA-N-2 Guideline Missile.
3. SA-N-3 Goblet Missile.
4. SA-N-4 Missile.
5. SA-N-5 Missile.
6. SA-N-6 Missile.
7. SA-N-7 Hissile.

A. SA-R-1

This was the first surface-to~air missile to be widely
fitted in Soviet warships and is considered effective at low
to medium altitudes (about 300 - 15,000 meters) and in the
surface-to-surface mode. However, this section will only
present surface-to-air version. The missile is fired fronm a
single twin (dual) arm launcher with a magazine capacity for
20 missiles in destroyers and one or two launchers in
cruisers. The missile can be locked at 90 degree elevation
from a below-3deck magazine. The Goa missile is cylindrical
and slim with relatively large-cruciformed fixed wing in the
rear and small cropped-delta control surfaces on the tapered
nose. The booster is short, but large in diameter (700 mm.
approx.), and is furnished with rectangular fins indexed in
line with the other ccntrol surfaces. Some versions of the
missiles have trailing-edge control by small tail fins
between the booster and the second stage wings. The SA-N-1
is derived from the land-based SA-3 system, hence its nanme

. 34The c¢urrent Soviet Navy has fitted more SAMs than
given in tkhis chapter. ‘
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Goa. Maximum speed is approximately Mach 2.0 [ Ref. 48: p.
358].

1. Physical Description

Dimensions. ([Ref. 7], [Ref. 19]
Length: . 19.4 £t (5.9 m)
Diameter: 27.6 in (700.0 mm) booster

18.1 in (U460.0 mm) missile

Span: 48.0 in (1.22 m)

Systeans.
Launchers: [Ref. 48: p. 358]

A twin (dual) arm launcher and two twin

(dual) arm launchers.

The Soviet Navy ships fitted with the SaA-N-1
missile are: [Ref. 11]

1. U4 Kynda Class with one twin (dual)
arm launcher with a magazine capacity
for 20 missiles.

2. 4 Kresta-I Class with two twin (duaal)
arm launchers with a magazine
capacity for 20 amissiles, total 490
missiles stored.

3. 11 Kashin Class with two twin (dual)
arnm launchers with a magazine
capacity for 20 missiles, total 40
missiles stored.

4. 6 Modified Kashin Class with two twin
(dual) arm launchers with a magazine
capacity for 20 missiles, total 40
nissiles stored.
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5. 8 Kanin Class with one twin (dual)
arm launcher with a magazine capacity
for 20 missiles.

6. B8 Kotlin Class with one twin (dual)
arm launcher with a magazine capacity
for 20 amissiles.

The SA-N-1 Goa's console:

The launcher is m@mounted on top of the
missile magazine and 1is reloaded vertically
through hatches. The SA-N-1 missile
receives command guidance from the Peel
Group fire control radar.

Types of radar required for the SA-N-1 Goa
missile: [Ref. 11], [Ref. 19]

Surveillance radar.

Type: Head Net A or C air surveillance
radar

Tracking radar.
Type: Peel Group fire control radar

Description:This group comprises four distinct
radars on a common mounting with elliptical
paraboloid sharge and solid reflectors.
Within the group are an H/I-band monopulse
tracking radar for high-altitude targets amnd
an E-band guidance radar for low altitude
targets. The maximum range is 30 - 40 miles
(55 - 75 km) [Ref. 7: p. 512]. Two large
and two small antennas (in I-band) in each
group are mounted in horizontal and vertical
directions. The larger elements of the group
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S fon .

are presumably for long range, or coarse

L R 4

tracking, with the small radar for tracking
at closer range. [Ref. 49: p. 263] o

Launch Weight. [Ref. 14: p. 157]

882 1b (400 kg) EE

2. Propulsion 4
Solid-fuel rocket with tandem solid-fuel booster ;;j

[(Ref. 17: p. 54]. oy

>

Launch: Solid propellant booster B

Cruise: Solid propellant sustainer

Type of Warhead: [Ref. 48]
Conventional warhead

Weight of Warhead: [Ref. 14: p. 157], [Ref. 17: p.
54], (Ref. 19: p. 527]

132 1b (60 kg)
Fuze System: [Ref. 50]
Active doppler radar fuze
Damage Mechanism: -
no information available o
T
Explosive Type: e
o
High Explosive (HE) warhead %
oo
A
£
*jj
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4. Target Detecting, Tracking, and Missile Guidance

P 4

The SA-N-1 nmissile uses a combination of midcourse
command guidance and terminal semi-active radar homing
guidance system [Ref. 7], [Ref. 27]. The operation of the
system begins when target designation is provided by the
Head Net A or C air surveillance radar and these inputs are
processed to determine the possibility of engaging the
tacrget., Commands are then generated for the launcher by the
fire control systen. The tracking radar, one of two dishes
of Peel Group, detects targets automatically and commands
the Goa missile to f1ly into engagement range.

Goa is command-guided during the midcourse by the
illuminated signal from the director tracking targe: radar
{the second dish of Peel Group). During the midcourse
guidance phase, the commands which control the missile come
from the Weapon Computer Control System35 which determines
the correct flight path of the missile and compares this
coaputed flight path with the predicted flight path of the
missile based on current tracking information. It determines
the correct signals required +to move the missile control
surfaces to change the current £light to the new one until
it reaches the terminal phase.

The terminal guidance phase 1is semi-active radar
homing during which the missile obtains its doppler informa-
tion by comparing the reflected beam from the target with a
beam transmitted directly by the Peel Group illuminator
radar. At a distance of 300 meters (990 ft) from the
target, the active doppler radar £fuze is activated
[(Ref. 50].

3SNo information is available for this systen
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Type of Guidance: {[Ref. 50]

Radio command and probably semi-active radar

homing terminal guidance
Type of Navigation:

no information available

S. Performance

Speed: [Ref. 27], [(Ref. 48: p. 358]

Mach 2.0 :Egi
Minimum/Maxinum Range: ;jﬁ?
aratal

min. 2,700 mn. [Bef. 50] ‘!_,.;,1
max. 30 - 35 km. [Bef. 17: p. 54] GRS
s:-__:.'

slant 28.8 km. [Ref. 27: p. 465] t§33
NN

Minimum/Maximum Altitude: [Ref. 19: p. 527]
1,000 - 50,000 £t (300 - 15,000 m)
Target Maneuverability:
no information available
Target Destructibility:
no information available

SA-N-1 vs Peel Group
Tracking in H/X-band

Bhax = 75 kmn [Ref. 7: p. 512]

Fig. 9.1 shows the maximum radar range and the !t?j
maximum and minimum missile range versus target g
altitude. .:??q
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Figure 9.1 Comparison of SA-N-1 Missile
and Peel Group Fire Coantrol Radar.

B. SA-N-2

The SA-N-2, whose NATO code-name is
the land-based SA-2 system and 1is considered
ef fective at 1lov to medium altitude [Ref. 48]. It
radio command guidance missile with a 288 1b (130 kg) frag-
mentation varhead with internal grooved casing [(Ref. 14] and
proximity fuze. Mach 3.5.

“Guideline", was
adapted from

is a

Maxisum speed is approximately

184

’
(AT S

o
PO <

f‘i’t‘."f

'l




The Fan Song E fire control radar guides the missile in the
shipborne surface-to-air version which is similar to land-
based version.

Physica

=
o
1]
17,
0
al
e
let
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Io
(1=}

Dimensions [ Ref. 15]

Length: 35.5 £t (10.7 m)

diameter: 26.0 in (660.4 an)

Span: -86.6 in (2.2 m) booster

Systeas.

66.9 in (1.7 m) missile

Launchers: [Ref. 19]

A twin (dual) arm launcher

‘The Soviet Navy ship fitted with the SA-N-2

The

missile is; [Ref. 19: p. 527], [Ref. &8: p.
358]

Dzerzhinskiy guided-missile cruises with one
twin (dual) arm launcher at aft.

SA-N-2 missile's console:

A twin (dual) arm launcher which has control

command from the Fan Song E fire control
systen.

Types of radar required for the SA-N-2 Guideline
missile: [Ref. 11]

Surveillance radar.

Type: Big Net air search radar

Low Sieve surface search radar




Tracking radar.

o Db A

Type: Fan Song E fire control radar

Description:Fan Song E operates in the G/H-band 3ﬁ
range of freguencye. The antenna arrays . 3%
consist of horizontal and vertical scan oS
lewis antenna and three <c¢ircular parabolic ij
dishes. Two of the latter are for lobe on L
recvive only (LORO) ECCM, and the third dish o
is for command guidance purpose. The beams ?il
are about 7.5 degree wide in the fan and n
about 1.5 degree wide in the scanning direc- iﬁ?
tion. Carrier freguencies are 4910 to 4S90 -
MHEz and 0,010 to 5090 MHz and peak power
about 1.5 MW.

launch Weight. [Ref. 14]

5,070 1b (2,300 kg)

2. Propulsion

Liquid propellant sustainer, burning nitric acid
and bydrocarbon propellants; solii propellant
booster. ([Ref. 51: p. 93]

Launch: A solid propellant booster
Cruise:; A liquid (nitric acid/hydrocarbon)
sustainer

3. Warhead Section

o8 ]
Type of Warhead [Ref. 14], [Ref. 16] ;jgi
hEAS

Fragmentation with internally grooved casing ]
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Weight of Warhead: [Ref. 14], [Ref. 51: p. 93]
288 1b (130 kg)

Fuze System: [Ref. 14]
Proximity fuze

Damage Mechanism:
a large number of fragments

Explosive Type:

High Explosive (HE) warhead

4. Target Detecting, Iracking, and Missile Guidance

The SA-N-2 has a radio command guidance system. The
engagement event begins when tbe ship's surveillance radar,
the Big Net air search radar or Low Sieve surface search
radar, detects all the approaching targets and then measures
the incoming target velocity, beariag, and probably size.
These data from the search radar are passed on to the
computer-controlled tracker, the Fan Song E which commands
the launcher to pick up the missile, slew the tracker to the
correct bearing and commence a search, leading to target
acjuisition and lock oa to the target location. The twin
{dual) arm launcher is instructel by the data handling
computer to point at the target and the system is ready to
fire after tracker allocation.

After the SA-N-2 1is launched, the Fan Song E fire
control radar tracks its target and the missile. During
flight, the fire control systea determines the correct
flight path of the missile and compares this computed flight
path with the predicted flight path of the missile based on
current tracking information and determines the correct
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signals required to move the missile control surfaces to ‘
change the current flight path to the new one. ]

Type of Guidance: [Ref. 15]

Radio command guidance

Type of Navigation:

no information available

Speed: [Ref. 51: p. 93]
Mach 3.5
Minimum/Maxinmum Range:

slant 40,000 m« [Ref. 19], (Ref. 27: p. 465]
max. 30 mi (48,000 m) [Ref. 6: p. 186]

Minimum/Maximum Altitude: [(Ref. 19], [Ref. 27: p.
465 ]

100 - 80,000 £t (30 - 24,400 m)
Target Maneuverability:

no information available
Target Destructibility:

no infotmatioh available

SA—-N-2 vs Fan Song B
Tracking in G/H-band (6 GHz), }_= 0.05 m
Peak power = 1.5 MW |
Average [power = 1.5 KW
Assume:
Antenna diameter, 4 = 2.44 a

Antenna area, A = 4.67 sqg.a
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Keceiver bandwidth, B = 1 MHz
Noise figure, F = 4.63 dB = 2.9 (frbm fig. 2.3)

(S,/N ) .. = 1.7 4B = 29.51

Pth :ézglion 2.16; Spp = 3-u2x15h3 watts
Assume:

For an antenna efficiency, f = 0.85, A, = 3.97

sg.nm

For a target cross section 1 sg.m, n = 30, and

Ls = 20

From equation 2.18; R = 72 kn

max
Fig. 9.2 shows the maximum radar range and the

maximam and @inipum missile range versus target
altitude.

C. SA-N-3

The SA-N-3 missile system uses the Goblet missile. The
SA~N-3 is considered effective at low to medium altitude
missile with improved capabilities over the SA-N-1 Goa and
in the surface-to-surface mode. Maximum speel is approxi-
mately Mach 3.0. It is employed with the Head Light fire
control radar. '

1. Physical Description
Dimensions. [Ref. 24: p. 144], [Ref. 48: p. 358)
Length: 20.0 £t 4 in (6.20 m)
Diameter: 13.2 in (335.0 am)

Span: 5.0 £t (1.5 m)
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Systeas.

Launchers:

A twin (dual) arm launcher
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The Soviet Navy ships fitted with the SA-N-3
Goblet missile are: [Ref. 7], [Ref. 197,
[Ref. 33]

1. 2 Moskva Class with two twin (dual)
arm launchers with a magazine
capacity for 20 missiles, total 40
missiles stored.

2. 10 Kresta]l] Class with two twin
{(dual) arm launchers with a magazine
capacity for 20 missiles, total 40
missiles stored.

3. 7 Kara Class with two twin (dual) arm
launchers with a magazine capacity
for 20 missiles, total 40 nissiles
stored.

4. 3 Kiev Class with two twin (dual) arm
launcher with a magazine capacity for
20 missiles, total U490 missiles
stored.

The SA~-N-3 missile's console:

A twin (dual) arm launcher with 2 SA-N-3
Goblet ready to fire and a rapid reloaded
magazine capacity for 20 missiles.

Types of radar required for the SA-N-3 Goblet
missile: [Ref. 7]

Surveillance radar.

Type: Top Sail 3-D air search radar

Head Net C height finding radar
Tracking radar.
Type: Head Light sroup fire coatrol radar
Description:H-ad Light Group is a fire control
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TR

consisting of 4 radar groups with 2 iden-
tical 'pairs of equipment combined on a
common mounting, one large and one small per
pair. Dish diameters range from about 1.8 to
4.0 nmeters, with controls and electronics
for each of the antenna behind. There is a
fifth, small dish, possibly for the purpose

of completing a command 1link or IFF func-
- tion. Operating frequencies are im G-band
ii for acquisition and H/I-band for tracking.

Launch Weight. [Ref. 14]

1,213 1b (550 kg)

2. Propulsion

Solid propellant booster. After bournout, its
enpty casing becomes a ramjet combustion chamber
for ram air mixed with exhaust from a solid
propellant gas generator. Ramjet with solid-
fuel booster [Ref. u48: p. 358].

Type of wWarhead: [Ref. 6: p. 174], [Ref. 52]
Pragmentation warhead

Weight of Warhead: [Ref. 6: p. 174], [Ref. 14]
176 1b (80 kg)

Fuze System: [Ref. 24], [Ref. 52]

Passive proximity fuze

K
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Damage Mechanism:
a large number of fragments
Explosive Type: [Ref. 24: p. 144}

High Explosive (HE) warhead with weight approxi-
mately 40 kg

The SA-N-3 uses a combination of wmidcourse command
guidance and terminal semi-active radar homing guidance
systenm. The engagement event begins when the ship's
sucrveillance radar detects all the approachiny targets and
then measures the incoming target velocity, bearing, and
probably size. The IFF system will identify those which are
potentially hostile. These data are passed on to the
coaputer-controlled tracker, the Head Light G&roup, which
commands the launcher to pick up the missile, slews the
tracker radar to the correct bearing and commences a search,
leading to target acquisition and iock on to the target.
The twin (dual) arm launcher is instructed by the data
handling computer to point at the target and the system is
ready to fire after tracker allocation.

The SA-N-3 is command guided during the midcourse by
a signal from the missile control radar. During this phase,
the command which controls the missile comes from the Weapon
Computer Control system. The terminal homing phase is semi-
active radar homing during which the wmissile obtains its
doppler information by comparing the reflected signal from
the target with the signal transmitted directly by the Head
Light Group illuminator radar. When the missile reaches the
target, the passive proximity fuze causes detonation of the
B0 kg fragmentation warhead.
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Type of Guidance: [Ref. 5], [Ref. 24), [Ref. 52]

Semi-active radar homing (SARH)
Type of Navigation: [Ref. 14]

Command to line-of-sight (CLOS)

A

Performance
Speed: [Ref. 10: p. 195]

Mach 3.0
Minimum/Maximum Range: ([Ref. 6: p. 174]
2.5 - 37 mi (4 - 59 kn)

Minimam/Maximum Altitude: [(Ref. 7], [Ref. 19: p.
527)

500 - 80,000 £t (150 - 25,000 m)
Target Maneuverability:

no information available
Target Destructibility:

no information available

SA N-3 vs Head Light Group
Tracking in H/I-band (8 GHz), A =0.0375 m
Antenna diameter, d = 2.44 n
Antenna area, A = 4.67 sq.m
Assume: .
Average power, P, = 1.5 KW
Receiver handwidth, B = 1 MHz
Noise figure, F = 4.78 4B = 3.0 (from fig. 2.3)
(So/Nobnn, = 1.7 dB = 29.51 I3

From equation 2.16; S = 3.54X10 watts

min
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Assune:
For an antenna efficiency, p = 0.85, A, = 3.97
SG.0
For a target cross section 1 sqg.m, n = 30, and

Ls = 20

From equation 2. 18; Rmax = 83 knm
Fig. 9.3 shows the maximum radar range and the
maximum and @minimum missile range varsus target

altitude.

D. SA-R-4

The SA-N-4 is a point defence of large as well as small
combat ships at a slant range of out to 1,200 m [Ref. 53: p.
187 ]. The SA-N-4 uses the Pop Group missile control radar
vhich is similar to the radar associated with the land-based
SA-8 Gecko surface-to-air missile. The missile is radio-
copmand guided, with an impact and proximity fuze and a 40 -
50 kg conventional warhead [Ref. 24: p. 122].

1. Physical Description
Dimensions. [Ref. 48: p. 359]

length: 10.20 £t (3.2 m)

Diameter: 8.25 in (210.0 mm)
Span: 25.2 in (640.0 mm)

Systeas.
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launchers:
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A twin (dual) arm launcher.
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Figure 9.3 Consatison of SA-N-3 Missile
and Head Light Group Fire Control Radar.

The Soviet Navy ships fitted with the SA-N-4
pissile are: [Ref. 11]

1. 2 Rirov Class with two twin (dual)
arm launchers with a magazine —
capacity for 20 missiles, total 40
missiles stored.
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2. U Kiev Class with two twin (dual) arm
launchers with a magazine capacity
for 20 missiles, total 40 missiles
stored.

3. 7 Kara Class with two twin (dual) arm
launchers with a magazine capacity
for 20 missiles, total 40 missiles
stored.

4. 2 Sverdlov Class with two twin (dual)
arm launchers with a magazine
capacity for 20 missiles, total 40
missiles.

5. 21 KrivakI Class with two twic
(dual) arm launchers with a magazine
capacity for 20 missiles, total 40
missiles stored.

6. 11 Krivak]l Class with two twin
(dual) arm launchers with a magazine
capacity for 20 missiles, total 40
missile stored.

7. 1 Koni Class with one twin (dual) arm
launcher with a magazine capacity for
20 missiles.

8. 15 Grisha I Class with one twin
(dual) arm launcher with a magazine
capacity for 20 missiles.

9. 31 Grisha JJ Class vith one twin
(duwal) arm launcher with a magazine
capacity for 20 missiles.

10. 11 NanuchkaI Class with one twin
(dual) arm launcher with a magazine
capacity for 20 missiles.

11. 6 Nanuchka JJ Class witinh one twin
(dual)' arm launcher with a magazine
capacity for 20 missiles.
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12. 1 Sarancha Class with one twin

[ '..'..I.l
A AR

(dual) arm launcher with a magazine
capacity for 20 missiles.
13. 3 Slava Class strike cruiser with

LN
)

two twin (dual) arm launchers with a

R
AL
ORERTNORY
r

.
v
«

magazine capacity for 20  missiles, e
total 40 missiles stored [Ref. 11: p. 1
522], [Ref. 54: p. 148]. N

The SA-N-4 missile's console:

A twin (dual) arm launcher with 2 SA-N-4 -
missiles ready to fire and a rapid reloaded '
magazine capacity for 20 missiles.

Types of radar required for the SA-N-4 missile:
[Ref. 11]

AR A R

Surveillance radar.

Type: Air search radar3s i
Surface search radar3? T

Tracking radar.

Type: Pop Group missile control radar

Description:The Pop Group is the missile fire
control radar. Operating frequencies are in L
G/H-band for target search by a 2 m. para- }%J
bolic antenna. Pop Group's tracking radar is
approximately 8 £t., in diameter with 13-15
GHz J-band system and has an antenna gain of
about 48 dB. This tracking radar could serve
as the missile leacon receiver. On each side

36Top Trough air search radar on Sverdloy Class (Admiral

Senyavin (CC) and Zhdanov (CC) or Top Pair air search radar.
37Low Sieve on Sverdlov Class. O
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of the tracking radar are the command guid-
eance groups which both command and guide
the SA-N-4 missiles. This I/J-band systen
operates between 13 to 15 G5Hz and las
typical antenna gain of about 42 dB.
(Ref. 49: p. 264]

Launch Weight. [Ref. 14]

419 1b (190 kg)

2. ropulsion

Type of Warhead: [Ref. 48: p. 359]

Conventional warhead
Weight of Warhead: ([Ref. 24: p. 122]
90 - 110 1b (40 - 50 kg)
Fuze System: ([Ref. 24: p. 122), [Ref. 53: p. 187]
Proximity and impact fuze
Damage Mechanism:
no information available
Explosive Type:

High Explosive (HE) warhead
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The missile has a radio-command with proportional
navigation guidance systen. The engagement event begins
vhen the ship's surveillance radar or surface search radar
detects all the approaching targets and measures the
incoming target velocity, bearing. The data from the search
radar is passed on to the Pcp sroup computer-controlled
tracker which commands the launcher to pick up the missile,
slevs the trackers to the correct bearing, and commences a
search leading to target acquisition and lock on. The twin
(dual) ara launcher is instructed by the data handling
coaputer to point toward the target, after which the systen
is ready to fire after tracker allocation.

#hen the SA-N-4 is launched, the Pop Sroup missile
fire control radar tracks the target and the missile.
During £flight, the fire control system determines the
missile flight path, compares this computed flight path with
the predicted £flight path of the missile based on current
tracking dinformation, determines the correction signals
required to move the missile cocntrol surfaces to change the
current flight path to the new one until it reaches the
proper distance. The 50 kg warhead is detonated by the prox-
imity fuze and impact fuze.

Type of Guidance: [Ref. 24: p. 122]
Radio command guidance
Type of Navigation: [Ref. 24: p. 122], [Ref. 51)]

Proportional Navigation
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Speed: (Ref. 24: p. 122]
acceleration 20-g
Minimum/Maximum Range: ([Ref. 53: p. 187]
50 - 15,000 » with slant range 12,000 m
Mininum/Maximum Altitude: [Ref. 19]
30 - 10,000 £t (10 - 3,300 m)
Target Maneuverability:
no information available
Target Destructibility:
no information available

SA-N¥~-8 vs Pop Group
Tracking in J-band (15 GHz}, A = 0.02 a
Antenna diameter, d = 2.44 n
Antenna area, A4 = U4.67 sg.m
Antenna gain, G = 48 4B
Ef fective antenna, a, = 2.0 sqg.m
Assume:
1 MHz
Noise figure, F = 5.38 dB = 3.45 (from fig. 2.3)
(So/Vodpin = 14.7 dB = 29.51 3
From equation 2. 16; smin = 4.07%10 watts

Receiver bandwidth, B

Assume:
For a target cross section 1 sq.m, n = 30, and fi;q
Is = 20 i;:é
Average power, P, = 1.5 KW i?ﬁﬁ
From equation 2.18; Rmax = 37 kn E. 3
o
]
AN




Fig. 9.4 shows the maximum radar range and the
maximum and minimum missile range versus target

altitude.
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E. SA-N-5

The SA-N-5 1is a short-range (10.36 km) surface-to-air
missile. It is derived from the land-based SA-7 Grail
missile and is fitted on some Jsa Class guided-missile
patrol boats, some Polnochny Class lamding ships, and some
auxilary ships. The SA-N-5 is a passive infra-red homing
guidance system with a 2.5-kg warhead weight and detonation
by graze and impact fuze.

1. Physical Description

Dimensions. [Ref. 14]

Length: 53.25 in (1.35 n)

Diameter: 2.75 in (70.0 mm)

Span: small canard stabilizing fins
Systen.

Launchers: [Ref. 11]

A gqguadruple rounds and twin (dual) —rounds

launcher.

The Soviet Navy ships fitted with the SA-N-5
missile are:
1. Osal Class with one quadruple rounds
launcher with eight missiles.
2. OsaJl Class with one quadruple rounds
launcher with eight missiles.
3. 2 T 58/AGR Class with two quadruple
rounds launcher with 8 SA-N-5

B &S PR
L. e . ’
PRI PR anl e

missiles réady to fire.
4. Tarantul I CTlass with one quadruple
rounds launcher.
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A target cross section 1 sg.m, n = 30, and
Ls = 20

Average power, P; = 1.5 KW 3
4.07X10 watts

From equation 2.16; Smin

From equation 2.18; Rpgx = 92 knm
Fig. 9.6 shows the maximum radar range and the
maximum and minimum missile range versus target

altitude.
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Type of Guidance: [Ref. 7: p. 103]

Semi-active radar homing (SARH)
Type of Navigation:

no information available

Performance
Speed: [Ref. 7: p. 815)], [Ref. 51]
Mach 3.0

Minimum/Maximum Range: ([Ref. 7: p. 815], [Ref. 48:
p. 360]

9,900 - 92,400 £t (3,000 - 28,000 m)

Minimum/Maximum Altitude: [Ref. 7: P- 103],
[Ref. 51]

100 - 46,000 £t (30 - 14,000 m)
Target Maneuverability:

no information available
Target Destructibility:

no information available

SA-N-7 vs Front Dome
Assume:
Tracking in J-band (15 GHz), D = 0.02 m
Antenna diameter, 4 = 2.44 m
Antenna area, A = 4.67 sqg.m
Receiver bandwidth, B = 1 MHz
Noise figure, F = 5.38 dB = 3.45 (from fig. 2.3)
(SO/No)min = 14.7 dB = 29.51

Antenna efficiency, P = 0.85, A, = 3.97 sq.n

e
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2. Propulsion

Dual thrust solid booster and sustainer
[Ref. 48: p. 360 ].

3. Warhead Section

Type of Warhead: [Ref. 6: p. 184]
Fragmentation warhead
Weight of Warhead:
4.0 1b (1.8 kg) [Ref. 6: p. 184]
Fuze System:
Presumably proximity fuze
Damage Mechanism:
a large number of fragments
Explosive Type:

High Explosive (HE) warhead

4. Target Detecting, Tracking, and Missile Guidance

The missile has semi-active radar homing guidance
system. After the incoming targets are detected by the air
surveillance radar, Top Steer group radar, the information
on the targets is passed to the Front Dome missile director
radar groups. When the target tracking begins, the doata and
firing commands are relayed to the proper twin (dual) arm
launcher. The SA-N-7 is launched when the targets come into
the engagement range. The Front Dome radar groups simulta-
neously engage multi-targets and salvo the missiles to the
single target using different command freguencies.
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Systeas.

Launchers: [Ref. 7: pp. 103-104], [Ref. 48: p.
306]

A twin (dual) arm launcher.

The Soviet Navy ships fitted with the SA-N-7

missile are: [Ref. 7: pPP. 103-104]3,
[Ref. 48: p. 360]

1. 7 Sovrepenny Class with two twin
(dual) arm launchers.

2. Provorny modified Kashin Class with
one twin (dual) arm launcher.

The SA-N-7 missile's console:

A twin (dual) arm launcher which has
commanded control from Front Dome missile
control systen.

Types of radar required for the SA-N-7 missile:
(BRef. 7: p. 103]

Surveillance radar.

Type: Top Steer 3-D surveillance radar

Tracking radar.

Type: Front Dome missile control radar+3
Launch Weight.

23.3 1b (10.6 kg) [Bef. 6: p. 184]

43six Froant Dome for Sovrenennz Class and eight Front
Dome for Provorny (modified Kashin Class).
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Comparison of SA-N-6 Missile

nd Top Dome Fire Control Radar.

Dimensions.

Length:

Diameter:

18.4 £t (5.60 m)

1.32 £t (402.30 am)
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Target Destructibility:

no information available

SA-N-6 vs Top Dome
Assume:
Tracking in J-band (15 GHz), >,= 0.02 m
Antenna diameter, 4 = 2.44 m
Antenna area, A = 4.67 sg.n
Receiver bandwidth, B = 1 MHz
Noise figure, F = 5.38 dB = 3.45 (from fig. 2.3)
(SO/NO%nin = 14.7 dB = 29.51
Antenna efficiency, p = 0.85, A, = 3.97 sq.m

e

A target cross section 1 sq.m, n = 30, and
Ls = 20

Average powver, Pt = 5 KW '3

From equation 2.16; Smin = 4,07X10 watts
From eguation 2.18; Rmax = 70 km

Fig. 9.5 shows the maximum radar range and the
paximum and minimum missile range versus target
altitude.

G. SA-R-7

The SA-N-7 is a naval air-defence weapon system equiva-
lent to the land-based SA-11 air defence missile, which is
described as a low-to medium-altitude weapon with a range of
about 28 km, a speed of Mach 3.0, and an altitude capability
of 30 to 14,000 m [Ref. 7: p- 103]. Since the SA-N-7 is
designed to cope with multiple targets by using in combina-
tion six or eicht fire control/target illuminating radars,
Front Dome, each rail 1launcher must be capable of rapid
firing and reloading.

212




............... T T T e T T e T ¥ = W T I T W T T g~ g~

appropriate guidance commands which are sent to the missile
on a data link.

Fhen the SA-N-6 missile reaches the terminal phase,
the guidance system is switched to active hominy. 1In active
homing the target is detected by electronic radiation equip-
ment in the missile. The active radar homing system uses a
radar transmitter located on the missile to illuminate the
target, and then uses the radar reflections from the target
for guidance.

Type of Guidance: [Ref. 48: p. 360]

Track-via-missile (TYM) in midcourse and active

radar homing in terminal course
Type of Navigation:

no information available

Speed: [Ref. 7: p. 102], [Ref. 11], [Ref. 49: p.

Mach 6.0 and acceleration about 100-g
Minimum/Maximum Range:

min. 35 nmi (64 km) [Ref. 11].
max. 60 nmi (111 km) [Ref. S4: p. 150)].

Minimum/Maximum Altitude: [Ref. 7: p- 1023,
[Ref. 11], [Ref. 89: p. 266])

100 - 100,000 £t (30 - 30,000 m)
Target Maneuverability:

no information available
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Fuze Systenm:

Ptesum%bly active Proximity fuze.42
Damage Mechanisa:

no information available \
Explosive Type:

High Explosive (HE) warhead

4. Target Detecting, Iracking, and Missile Guidance

The nmissile utilizes the track-via-missile (TVM)
guidance systen. The operatioﬁ of the system probably
begins when incoming targets are detected by either passive
means or the Top Pair radar group. Targets are designated to
either of the Top Dome director groups which are then laid
on to the necessary threat direction. After the Top Dome
radar (or passive detection system) has acquired ard locked
on to the target, and the target has reached an appropriate
engagement range, one or more SA-N-6 missiles are launched
in the proper direction, then automatic guidance to inter-
ception takes place.

The radar tracking system of the Top Dome group
simultaneously tracks both the targets and the missiles as
in coamand guidance. However, in TIVM the target tracking
beam also serves as the target illuminator, and a receiver
on the missile detects the reflected illumination as in
semi-active homing guidance. The information on the relative
target anqular position gathered by the missile is relayed
to the control unit on the ship. The guidance equipment
processes the echo from the target and the information on
tacget position from the missile, then determines

42By assuming a terminal active homing systen.
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Types of radar required for the SA-N-6 missile:
(Ref. 7: pp. 101-102], [Ref. 54: pp. 149-150]

Surveillance radar.

Type: Top Pair air search radar

Top Steer air search radar
Tracking radar.
Type: Top Dome director group radar

Description:Top Dome is a complex of radar sys-
tems incoorperating a number of different
antenna elements. There are 2 Top Doae
radar director groups on the ship, fore and
aft. It embodies long-range tracking which
serves to track both targets and missiles
and provide guidance functionms.

Launch Weight. [Ref. 14: p. 164]

3,300 1b (550 kgqg)

Solid~fuel rocket

3. Harhead Section

Type of Warhead:

'y

no information available

-
s

Weight of Warhead: [BRef. 7: p. 102)], [Ref. 51)

4 e e e e
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land-based missile. The SA~-N-6 missile is estimated to have ﬁ
an operating ceiling of at least 30,000 m, a range of up to

110,000 m at the speed of Mach 6.0 while carrying a 90-kg ?ﬁ,
warhead. &i
| '. physical Description

Dimensions. [Ref. 14: p. 164], [Ref. 48: p. 360]

Length: 23.0 £t (7.0 m)

S
2y %

Diameter: 17.75 in (450.0 amm) A
. Span: no information available Ei{
i Systeas. s

by
. Launchers: [Ref. S54: p. 148] tﬁi
A 8-cylinder vertical launcher. Eﬂ;
K "~-.~.
I . The Soviet Navy ships fitted with the SA-N-6 -
: missile are: ([Ref. 11: p. 522], [Ref. 54: o
p. 148) i

N 1. 3 Slava Class strike cruiser with ffﬁ
| eight SA-N-6 launchers, total 64 !!!
N missiles stored. R
: 2. 2 Kirov Class with twelve SA-N-6 jﬂﬁ
5 launchers. ;;f‘
) A
) 3. 3 Krasina Class with SA-N-6
- launcher.41 f}

The SA-N-6 missile's console: f;f
) An eight cylindrical-vertical launcher with i
f command control from Top Dome fire control
g radar.

41No detail in number of launcher.

208




Speed: [Ref. 14]

Mach 2.5
Minimum/Maximum Range:

nin. 0.5 nmi (930 m) [Ref. 52: p. 58].
max. 5.6 nmi (10.36 km) [Ref. 48: p. 360].

Minimum/Maximum Altitude: [Ref. 52: p. 58]
50 - 15,000 £t (15 - 4,600 m)
Target Maneuverability: [Ref. 52: p. 58]

The SA-N-5 can engage the target which has

maneuvering up to 5-g.
Target Destructibility:

no information available

F. SA-H-6

The SA-N-6 is an air-defence surface-to-air, supersonic,
long-range missile system with anti-cruise missile capabili-
ties. The SA-N-6 is vertically lauached from a below-deck
rotary magazine with a capacity of eight missiles per
launcher (Ref. 48: p. 360]. The missile guidance is track-
via-missile (TVM) [Ref. 48: p. 360]. Each ship has two such
director groups located fore and aft, probably for the
purpose of achieving an all-round engagement capacity rather
than by any reguirement to associate the individual direc-
tors with nmissile launcher installations in specific parts

of the ship. The missile was adopted from the SA-10

., ’. .l..l' 'l' Al' .
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Type of wWarhead: [Ref. 5], [Ref. 55: p. 163]
Fragmentation with smooth casing

Weight of Warhead: [Ref. 51], [(Ref. 55: p. 163]
5.5 1b (2.5 kg)

Fuze System: [Ref. 55: p. 163]
Graze and impact fuze

Damage Mechanism:
a large number of fragments

Explosive Type:

High Explosive (HE) warhead

4. ZIarget Detecting, Iracking, and Missile Guidance

Target designation may be performed by air search
radar or naval (surface search) radar. The SA-N-5 missile
has to lock on its target at considerable distances before
homing into the target for the midcourse phase, then
reverting to passive IR homing in the terminal phase which
the missile homes in (close to) on heat generated by the
target. The SA-N-5 missile has a proximity fuze which
causes the warhead detonation by graze or impact fuze.

Type of Guidance: [Ref. 52], [Ref. 55: p. 163]
Passive infra-red (IR) homing
Type of Navigation:

no information available
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15. 1 Primorye Class with one quadruple
rounds launch.cs5 with 8 SA-N-5 -
missiles stored.

The SA-N-5 missile's console:

Mostly a guadruple rounds 1launcher with 4 -
SA-N-5 missiles ready to fire, and presum-
ably, a magazine capacity for 8 nmissiles.
The launcher has the command control froa
fire control systen. ;

Types of radar regquired for the SA-N-5 missile:

(Ref. 11] y
Surveillamnce radar. ;
Type: Big Net air search radar -
Strut Curve air search radar E

Band Stand3® naval radar i

Square Tie4? naval radar -

Tracking radar o
Type: No information available ¢
- P
-

launch Weight. [Ref. 7)), [Ref. 14]

20.3 1b (9.2 kq)

2. Prorulsion

Solid propellant rocket booster and sustainer
(Ref. 48: p. 360], [Ref. 55: p. 163]

39Foxr Tarantul Class
40For Osa I & I Class
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5.

10.

11.

12.

13.

14.

........

1 TarantulZl Class with one gquadruple
rounds launcher.
12 Pauk Class with one gquadruple
rounds launcher with 8 SA-N-5
missiles stored.
2 Ropucha Class with four quadruple
rounds launcher with 32 SA-N-5
missiles stored.
Alligator Class3® with +three twin

{(dual) rounds launchers with 24
SA-N-5 missiles stored.

Polnochny Class Type A with two quad-
ruple rounds launchers with 16 SA-N-5
missiles stored.

Polnochny Class Type B & C with four
guadruple rounds launchers with 36
SA-N-5 missiles stored.

Ugra Class with two quadruple rounds
launchers with 16 SA-N-S5  missiles
stored.

7 Lama Class with four gquadruple
rounds launchers wilh 32 SA-N-5
missiles stored

3 Balzam Class with two gquadruple
rounds launchers with 16 SA-N-5
missiles stored.

S Primorye Class with two guadruple
rounds launchers with 16 SA-N-5
missiles stored.

. 38The SA-N-5 missile fitted in some_ships and only Petr
Llichev fitted with two twin (dual) rounds launchers with 12

missiles stored.
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V.
X. IHE ROYAL NAVY'S AIR DEFENSE SYSTEMS IN THE FALKLANDS T
CONFPLICT S
22
A. IENTRODUCTION ;;s
The 43 day Falklands war from the Argentine invasion on e

2 April 1982 to their surrender at Port Stanley on 14 June
1982 was the first significant [Ref. 56], evenly-matched .
naval combat to occur since the Second World War. This Ej‘
study examines the Falklands war in the area of shipborne gii
air defense. The air war of the Falklands clearly demon- Vi
strates at least one thing to all; modern weaponary can b;:
enable even minor world povers to pack a powerful military [”

punch. Air forces and modern, sophisticated weaponary repre- e
sent the Kkey to established this "new" source of national

power.

B. SBIPBORNE WEAPONS SYSTEMS PERFORMANCES

British and Argentinian surface warships neve~ engaged e
each other directly during the Falklands Conflict. It F"
appears that the Royal Navy's shipborne defenses were unable
to completely contend with the Argentina air raids, based on
the loss of six modern ships and some damages throughout the vf{
Falklands Conflict. The British task force provided air A'
defense against the Argentine aircraft and for assualt land-
based troops. When the troops were put ashore, destroyers
and frigates of the task force remained behind in the narrow
confines of the Falkland Sound in order to help protect and

support the landing force with their missiles and gunfire. f
Accordingly, a review of the capabilities and performance of -
the shipborne weapons systems of the Royal Navy in the Eﬂ
Falklands is in order. %f




o
%
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1. Missile Systenms

Missile systems were utilized extensively throughout

the Falklands Conflict in a ccnscious effort to increase
their deterrent effect.

a. Sea Dart

Sea Dart is an area air defense weapon deployed
on warships of the Royal Navy; Invisible Class, Type 82, and
Type U42. The Sea Dart is capable 9f being fired in an anti-
ship, and allegedly, anti-missile mode. The missile has a
speed of Mach 3.5, and it can intercept the target at a
range up to 50 km and with a ceiling of 30 - 25,000 meters.
However, during the Falklands Ccnflict, Sea Dart's perform-
ance acted as a considerable inphibitor to medium level and
high level attacks, but was relatively useless for the low
level flight adopted by the Argentine pilots that caused the
loss of H.M.S. Sheffield and H.M.S. Coventry - the Type 42
destroyers (Ref. 57]. Although the kill £figures indicate
that Sea Dart was the most =successful shipborne weapons
systems in the Falklands war, having achieved eight kills
{Ref. 57], two ships using Sea Dart were killed:

The Sheffield, a type U2 class destroyer, bhad
been criticized for its lack of both offensive and defensive
capabilities. It carried only one 4.5 inch gun, one twin
(dual) arm Sea Dart launcher, omne Lynx helicopter and two 20
mmn anti-aircraft guns [Ref. 11]. In addition, the Sheffield
lacked advanced eletronic warfare equipmeat, anti-missile
missiles and a close-in-weapons-system (CIWS) capable of
detecting and destroying in-bound hostile missiles. On the
4th of May, an Argentine pilot flying the Super Entendard so
low an approach profile that the Sheffield's shipborne radar
simply could not detect the raid launched the ANM-39 Exocet
missile. There were twenty scconds from time of initial
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detection of the missile until impact of the missile. During
that time no jamming chaff rocket was launched, despite the
fact that chaff was known to be an effective countermeasure

S e v v w w v ow

\ against the Exocet nmissile. Cn balance, several factors
contributed to the loss of the H.M.S. Sheffieli. The lack
of airborne early warning assets, the absence of protective

air cover for the surface radar pickets, and the lack of a ..
terminal self defense capability against missile threats on S
the platfornm. The Sea Dart was not designed to simultane-
ously engage many targets due to insufficient capability of
the automatic rapid loading system which is another contri- !t:
bution to loss of the H.M.S. Coventry, the type 42 class e
destroyer on the 25th of May. Coventry was not alone at her

remote radar picket station. Accompanying her was H.4.S.

Broadsword. As the attack commenced, the Argentine pilots !“.
) appruvach on the two picket vessels, H.N.S. Coventry and :%Q_
H.M.S. Broadsword. Coventry could not have contended with -
four A-4 aircrafts for any one c¢f several reasons. First of e
all, her Sea Dart missile system was not designed to engage )
so many targets simultaneously. Secondly, Coventry's auto- f;;ﬁ
matic missile loading system had experienced a malfunction '
which further degraded its performaace capabilities.
Thirdly, Sea Dart was shown to ke relatively useless against !..
very low flying target in the Falklands war. After Coventry -
bhad succeeded in destroying two of the attacking Skyhawks S
with two Sea Dart nmissiles, the third attacker finally ﬁ%ﬁ
manage to score a direct hit on the ship. [Ref. 56], ! |
[Ref. 35] ’

b. Seawolf

Seawolf is a missile used in the Royal Navy's

short~range, self-defense system, GWS 25. The system is

10t
l"'l'
LI}
L3

designed to provide rapid reaction defense against both
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aircraft and sea-skimming missiles. Throughout the heat of




the Falklands combat, Seawolf proved to be a capable and
flexible weapons system. Only Brilliant and Broadsword, the

! type 22 destroyers were Seawolf egquiped.
i In the Falklands combat, Argentine low altitude
' tactics necessjtated increased reliance upon the television
guidance of Seawolf missiles, which revealed one more opera-
. tional problem. Up to then, there were two operational prob-
lemas in shipborne air defense regarding the Seawolf missile.
1. The Seawolf missile is a self defense system. During
the combat on the 25th cf May, the loss of H.M.S.
i Coventry occurred. The Argentine air commanders
formulated a preliminary, coordinategd, mul ti-
directional strike against the Royal Navy's covering
force, with special attention being given to radar
. pickets, but the Seawolf's ships were to be avoided.
A In the flight of nine Skyhawks and Mirage aircraft
that was assigned to attack the task force on that
day, six were dedicated to attacks on the radar
I pickets, Broadsword and Coventry. As the attackers
: commenced their approach on the picket vessels, they
avoided H.M.S. Broadsword, which was equiped with the
Seawolf, and concentrated instead on the H.M.S.
l Coventry, which was not equipped with the Seawolf

missiles. [Ref. 57]

2. The television guidance system against low £flying
missiles. During optical engagements against sea-
_ skimming missiles, operators found that the flare on

the missiles rear was so bright that it could obscure
the target aircraft itself. However, the Seawolf
navigation was modified Ly Marconi engineers with the -
task force so that Seawolf flew slightly off the ﬁﬁj
operator's line of sight until the last few seconds R

ate o T B RTRY, v L w0

of an engagement [Ref. 35].
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Seawolf is credited with downing five Argentine
aircraft [Ref. 35]. Nevertheless, both B3rilliant and
Broadsword were damaged by bombs which failed to explode.

C. Seacat

Seacat is a close-range (500 - 5,000 m) guided
missile for anti-air defense which may also be used against
surface targets within 500 - 7,000 m range. Three different
installations of the suktsonic Short's Seacat, Plymount,
Fearless, Exeter apparently were used in the South Atlantic,
ranging from full intergration with ship's radar and control
to basic optical. Information regarding the employment of
the Seacat missile in the Falklands combat is extremely
sparse. Apparently, the Seacat performance had a deterrent
effect on Argentine pilots, <causing several to break off
engagements. Three Seacat installations in the Falklands
have been credited with destrcying six Argentine aircraft
[Ref. 57]), [Ref. 35].

2. Gun Systeas

The Royal Navy's naval guannery systems in the
Falklands war consisted of the Vickers 4.5-inch gun,
although some ships are also fitted with 20 or 40 mm anti-
aircraft guns. The Falklands demonstrated a continued need
for naval gunnery in supporting ground offensive operation
and augmenting anti-air warfare defenses. The Type 21
frigate H.M.S. Avenger <claimed an aircraft shot down with
her Mk8 4.5 inch gun [Ref. 59].

C. CONCLUSION

Intensive air-sea combat around the Falkland 1Islands
ended with an estimated 109 comtat aircraft [Ref. 58] of the
Argentine Air Force and Navy destroyed by the Royal Navy's
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missiles and aircraft. The outcome of the conflict reflects

the strengths and weakness of becth combatants, particularly
the Royal Navy, one of the North Atlantic Treaty
Organization's most powerful members. The following comments
have been made:

1. Lack of airborne early warning (AEW) radar aircraft
forced the Royal Navy to station radar picket ships
away from the main fleet and around the beachhead
area, where they were alone and vulnerable to the
Argentine air force. Four warships, Sheffield,
Ardent, Antelope, and Coventry, were lost during
radar picket duties.

2. Lack of a long or medium range air-to-air missile
prevented the Royal Navy from striking at Argentine
incoming raids well away from the defansive rings
established around the fleet and beachhead. The
longest range missile carried by the task force's Sea
Harrier fighters was the AIM-9L Sidewider which has
maximum range of 11 mi (17.7 km).

3. Close-in-weapons-systems deployed on warships were
insufficient in number to be effective. 0Only two of
the original ships in the Royal Navy task force were
equipped with the Seawolf missile, and none of the
large ships had equipment capable of countering sea-
skimming missiles or 1low flying aircraft at close
range.

4. Lack of a supersonic interceptor had prevented inter-
ceptions from being carried out in the 400  mile
channel between the Argentine mainland and the
Falkland Islands. The fighter used throughout the war
was the Harrier/Sea Harrier.

S. Cargo ships 1lacked an effective air defence systenm.
During the war, the British did equip some requisi-
tioned merchant vessels with some limited wmilitary
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capabilities. OUnfortunately, these capabilities did N
not provide any actual self-defense capabilities. The

luckless Atlantic Conveyer was lost due to this fact. Ls-
6. Lack of a long range surface-to-air missile deployed tﬁf
on warships made it difficult to protect the task bagoy

force ships. The longest missile was Sea Dart which

has lethal radius 50 km and ceiling 30 - 25,000 g
neters. 'fj'
Finally, Seven of some one-hundred ships that comprised fo%
the Royal Navy South Atlantic Task Force were sunk in the e
Falklands War. And at least eight were significantly Eff
damaged. O
_The seven ships destroyed were: [Ref. 56])], [Ref. 57])
1. H.M.S. Sheffield (Type 42 destroyer) in 4 May 1982.
2. H.M.S. Ardent (Type 21 frigate) in 21 May 1982. ;;};
3. H.M.S. Antelope (Type 21 frigate) in 23 May 1982. T
4. H.M.S. Coventry (Type 42 destroyer) in 25 May 1982. ;;%i
5. Atlantic Conveyer in 25 May 1982. s
6. Sir Galahad (logistic landing ship) in 8 June 1982. e
7. Sir Tristram (logistic landing ship) in 8 June 1982. ;3
The eight ships significantly damaged were: [Ref. 56], ?
[Ref. 57] -
1. H.M.S. Glasgow (Type 42 destroyer) in 12 May 1982. ﬂﬁ;
2. H.M.S. Broadsword (Type 22 frigate) in 21 and 25 May f§:€
1982. RS
3. H.M.S. Brilliant (Type 22 frigate) in 21 May 1982. -
4. H.M.S. Antrim (County-class destroyer) in 21 HMay (o
1982.
5. H.M.S. Argonaut (Leander-class frigate) in 21 May ;ﬁ
1982. L
6. Sir lLancelot (logistic landing ship) in 24 May 1982. 'Eg
7. H.M.S. Plymouth (Type 12 frigate) in 8 June 1982. i:;
NE
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8. H.M.S. Glamorgan (County-class destroyer) in 11 June
1982.
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XI. SUMMARY

This thesis has examined thirty-one of the world's naval
SAM systems. In (Jeneral, they work in the following way.
The shipborne surface-to-air missile system detects the
target using the ship's surveillance radar. The target
information (range, bearing, elevation, course, and speed) .
is passed to the VWeapons Direction System for evaluation e
with respect to the availability of the missile system and
the capability of that system. When this phase is completed,
the target is designated to a fire control system (FCS) for
acguisition and tracking. While the fire control systenm
tracks the target and solves the fire control problem, a
launcher is assigned and the missiles are loaj=d. When the
target is within range of the weapon, the missile is .*?f
launched. With everything functioning properly, the target
will be destroyed.

The shipborne surface-to-air missiles can be divided
into two categories: area defense and point defense.

Area Defense. An area defense system is basically fitted

with long-range SAMs and the missile carrying ships are
stationed around the valuable ships, such as ar aircraft
carrier, or around a convoy. Area defense at sea includes ;ﬁ;
not only defense against conventional air attack, but also,

perhaps amuch more important these days, defense against T
anti-ship missiles, whether they are launched from ships -or E
from aircraft. Some of the area defense uwmissiles are e
Standard SM2-ER, Masurca, Sea Dart, and SA-N-3. These S

missiles have a maximum range that varies from about 30 knm
to about 120 km, i.e. the missiles are considered in nmedium

range to long range. Most of the long-range missiles use ey
different type of guidance for the midcourse and the . P
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terminal phase. For example, the Standard SM2-ER and the
SA-N¥-3 use comamand guidance in the midcourse phase and semi-
active radar guidance in the terminal phase. Some medium-
range missiles use the same types of guidance as ‘the
long~range missiles, and some use one type all-the-way. For
example, the SA-N-1 uses radio command guidance in the mid-
course phase and semi-active radar homing guidance in the
terminal phase. The Sea Dart uses semi-active radar homing
all-the-vay. The modern long-range missiles should have
accurate guidance, be resist to jamming, and have a high
single kill probability. The system should have rapid,
automatic, and simultaneous capabilities of tracking several
targets, automatic reloading and be able to launch the
missile in all directions.

Point Defense. Point defense means defense of one's own
ship. A point defense weapon is for use against an aircraft
which is obviously attacking the ship, including stand-off,
lJow—-£flying anti-ship missiles. Point defense missiles must
have a very rapid reaction time because the interval between
detecting an approaching missile, particularly at low level,
and launching the nmissile may be very short. For example,
the Albatros system can launch the Aspide missile within a
2.5 second interval. The missile launcher must also be
capable of very rapid slewing. Ranges of point defense
missiles vary. The Royal Navy has the SLAM, Seacat, and
Seawolf with a maximum range of 3, 5, and 25 km and a
missile weighing 11, 65, and 82 kg respectively. The French
Navy uses the Satcp and Naval Crotale, with a maximum range
of 6 and 11 km and a missile weighing 20 and 80 kg respec-
tively. Crotale's launcher carries eight missiles. The US
Navy has the Sea Sparrow with a magimum range of 25 kam and a
missile launch weight of 220 kg, over three times that of
the Seacat. Eight Sea Sparrows are carried on one launcher
in the US version. In the NATO version, although eight
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missiles are still carried, the missiles themselves are
smaller and the launcher therefore lighter and more suited
to the smaller NATO European ships. The Soviet Navy has the
SA-N-4, Sa-N-5, and SA-N-7 with a maximum range of 15, 10,
and 28 km and a missile launch weight of 190, 9.2, and 10.6
kg respectively. The Point Defense missile usually uses one
type of guidance. The new directors should have capabili-
ties of tracking several targets at one tinme. The systen
should engage simultaneous targets, thus shifting the stress
to tke launcher, the magazine, and the loading system to
keep up with firing orders.
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