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Editor's note: Ihis special report is the re-
sult of a visit by the author to the Moscow
1993 Air Show, which was held from Au-
gust 31 to September 5, 1993. The show
was held at the military airfield near Ra-
menskoye, 50 km east of Moscow. The au-
thor was accompanied by Drs. Alexander
Leonov and Sergey Leonov and by Prof.
Alexander A. Lemansky, scientific director
of Scientific lndustrial Corp., ALMAZ, a
manufacturer of radar equipment based in
Moscow. His invitation was issued on be-
half of the Airshow Organizing Committee
by A. Systzov, vice president of AO AVI-
APROM, a joint stock company headquar-
tered in Moscow. The material contained in
this special report is similar to photos and
descriptions in classified documents, but
this is the first time such photos and de-
scriptions have been available to a general
audience. The four-color photos of equip-
ment described in the report appear as a
three-page photo exposition.

Introduction
The 1993 Moscow Air  Show in-

c l u d e d  a n  e x t e n s i v e  d i s p l a y  o f
Russian radars and tact ica l  mis-
s i l es ,  i nc lud ing  the  SA-10 ,  SA-12
and  SA-15  su r face- to -a i r  m iss i le
systems and thei r  radars,  a  dual
gun-miss i le  ant ia i rcraf t  system, a
phased-array radar for location of
host i le  ar t i l lery  posi t ions,  and nu-
merous  a i r - l aunched  miss i les ,  as
well  as the aircraft on display. This
art icle discusses the exhibited ra-
dar and related equipment.

S300PMU (SA-10) System
At  the  equ ipment  d i sp lay ,  the

SA-10 equipment was toured. The
fire control radar (NATO designa-
tion Flap Lid) and the operating po-
sit ions in the command post vehicle
w e r e  e x h i b i t e d .  D a t a  f r o m  t h e
three-d imensional  survei l lance ra-
dar (Big Bird) were displayed in the
vehicle. The horizon search radar
(C lam She l l )  was  no t  on  d isp lay .
Figure 1 shows the Flap Lid vehicle.

Big Bird Three-Dimensional
Survei l lance Radar

The mobile Big Bird on display,
as  shown in  F igu res  2  and  3 ,  i s
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mounted on an eight-wheeled trail-
er pul led by a large prime mover.
The antenna is an S-band space-
fed  t ransmiss ion  lens  a r ray ,  fed
f r o m  b o t h  s i d e s  b y  f e e d  h o r n s
m o u n t e d  o n  a  b e a m  p a s s i n g
across the top of the aftay. The ar-
ray conta ins 3400 e lements and
appears to fold for transport along
vertical lines parallel to the sides of
the  equ ipment  she l te r .  The  e le -
ments are matched to space with
what  appear  to  be e longated d i -
electric bars that are tilted upwards
to optimize performance at angles
above the horizontal.

The  search  beams,  scann ing
electronical ly in elevation, lead the
array broadside by 30' in azimuth.
W h e n  a  t a r g e t  i s  d e t e c t e d  i n  a
search beam, af ter  a fur ther  29"
rotat ion of  the antenna,  a back-
scan is ini t iated in azimuth to place
a validation beam on the elevation
and azimuth of the init ial  detection.
l f  the detection is repeated in this
val idation beam, another backscan
occurs 180" later in the scan, using
the feed horn on the opposite side
of  the array.  Thus,  wi th in 210'  o f
rotat ion fol lowing the init ial  detec-
t i o n ,  a  v a l i d a t i o n  a n d  a  s e c o n d
track point are obtained to init iate
the t rack f i le .  From th is  point  on,
the track data rate is two points per
antenna rotat ion. The cost of this
two-coordinate scanning array may
be higher than most Western sys-
tems, but the advantages in rapid
t rack in i t ia t ion and doubled data
rate are significant.

Command Post
Within the Command Post (CP)

were  f i ve  d isp lay  pos i t i ons ,  p lus
posit ions for communications per-
sonnel. The commander's console
w a s  t h e  c e n t e r  o f  t h e  i i v e  c o n -
soles, which were almost identical.
Each console had a large plan po-
s i t i oner  ind ica to r  (PP l )  d i sp lay ing
synthet ic  v ideo f rom the Big Bi rd

a n d  f r o m  e x t e r n a l  s o u r c e s ,  a s
shown in Figures 4 and 5. To the
left of the PPI is an alphanumeric
display on which appear the data
for up to 36 targets. They are as-
s igned (s ix  each)  to  the s ix  F lap
Lids that may be controlled by the
CP. To the commander's left ,  the
two positions are occupied by offi-
cers who actual ly f i re the missi les.
To the right are officers who coor-
dinate with higher headquarters or
adjacent CPs, who accept assign-
ments of targets to be passed by
the commander to the Flap Lids in
pr ior i ty  order ,  and who evaluate
t a r g e t s  d e t e c t e d  l o c a l l y  b y  B i g
Bird.  The smal l  d isp lays at  these
positions can be set to provide az-
imuth -e leva t ion  (BE)  d isp lays  o f
Big Bird video, intensity modulated
to show target elevation. The Big
Bird data appear  on the PPI  d is-
play as an intensif ied sweep, leav-
ing behind target markers with al-
p h a n u m e r i c  t a g s ,  w h i c h  a r e  r e -
freshed at a high rate.

Fire Control Radar S300PMU1
(Flap Lid)

The Flap Lid radar tracks up to
six targets that have been assigned
by the CP for engagement. The ar-
ray is an X-band space-fed lens of
10,000 elements, t i l ted 30' from the
vert ical,  as shown in Figures 6 and
7. The active portion of the array is
circular, and small  sidelobe cancel-
er arrays are within the plastic cov-
er at the bottom of the main array.
The array is mounted on a rotat-
able turret behind the cab of the ve-
hicle and in front of the f ixed equip-
ment shelter.

T h e  R F  a n d  l F  e q u i p m e n t  i s
mounted within the turret, el iminat-
ing rotary jo in ts  and long runs of
waveguide or coaxial cable for re-
ceiver signals. The feed, shown in

[Photo Exposit ion begins on page 26]

[Text continued on page 30]
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Fig. 1 D. Barton and Prof. Lemansky in front
of Flap Lid vehicle.

Fig. 4 Commanders' console
in command post.

Fig. 6 Rear view of Flap Lid array,
showing collapsible feed enclosure

in foreground.

Fig.7 Flap lid vehicle from the
front, showing turret rotated 45'.

Fig.9 SA-10 TELAR missile with
erected canisters.

Fig. 2 Big Bird 3D search radar antenna.

Fig. 3 Side view of Big Bird antenna.

Fig. 5 Detail of PPI display.
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Fig. 10 Tai l  end of SA-10 missi le in canister,
showing folded fins and ejection pi'ston rod.

Fig. 13 Gri l l  Pan, Gladiator TELAR
and Giant TELAR.

Fig. 16 Gri l l  Pan with Giant TELAR in
background.

Fig. 17 Rear view of Gri l l  Pan. Metal
panel across rear of array is re-

moved for operation.
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Fig. 11 Dr. Efremov and D. Barton
in front of SA-12 Gri l l  Pan vehicle.

Fig. 14 Bl l l  Board array (front);  IFF
array at bottom.

Fig. 12 SA-12 Bil l  Board ( left)
and Gri l l  Pan (r ight).

Fig. 18 Gladiator TELAR
antenna mast.

Fig. 15 Rear view of Bi l l  Board
array.

Fig. 20 Side view of TOR vehicle, with missi le canister
displayed at left, search radar at left end of turret and

tracking phased array at right end of turret.

Fig. 19 Giant TELAR antenna mast.
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Fig.21 Front view of TOR search radar an-
Ienna.

Fig.25 Ku-band active seeker.

Fig.26 X-band semiactive seeker.

Flg.22 TOR tracking radar array.

Fig.27 New X-band seeker.

Fig. 23 Antiaircraft tank system.

Fig. 28 Mainstay early warning radar aircraft.

Fig,24 Zoopark antenna from front,
showing complex feed and possible
second antenna covered by dome.

Fig. 29 Antennas on earth survey aircraft.
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Fig. 8 Sketch of flap lld feed system.

Figure 8, consists
of two linearly po-
la r i zed  horns ,  a
polarization-sensi-
t ive ref lector, and
a circular polariz-
i n g  g r i d .  T h e  r e -
ceive horn cluster
i s  o n  t h e  a x i s  o f
t h e  a r r a y  a n d  i s
v e r t i c a l l y  p o l a r -
ized. The received
s i g n a l  p o l a r i z a -
t i on ,  wh ich  i s  c i r -

cular (for example, r ight-hand) as i t
passes through the main array, is
converted to vertical by the polariz-
ing grid, which is a curved element
immediate ly  wi th in the p last ic  en-
closure. The transmit horn is hori-
zonta l ly  polar ized and is  located
near the bottom of the plast ic en-
closure. l t  i l luminates the polariza-
tion-sensitive reflector, the plane of
which is oriented at about 45' rela-
tive to the array axis and which is
invisible to the received wave. The
p o l a r i z i n g  g r i d  t r a n s f o r m s  t h e
transmitted wave into circular po-
lar izat ion wi th sense opposi te  to
that of the received wave (for ex-
ample, left-hand). This transforma-
t ion provides reciprocal operation
o f  t h e  F a r a d a y  r o t a t o r  p h a s e
shifters. The orthogonal polariza-
t i ons  o f  the  t ransmi t ted  and  re -
ceived waves provide the duplexer
isolat ion normally supplied by a cir-
culator, reducing the round-tr ip RF
loss by 1 dB.

Reciprocal  operat ion is  an im-
portant feature of this array, since
the waveform used for target track-
ing uses bursts  at  h igh PRF (100
kHz) to overcome clutter. The clut-
ter attenuation of the system is 100
dB,  mak ing  poss ib le  long  range
target detection in competition with
ground c lut ter  or  ra in f rom wi th in
the 1500 m unambiguous range of
the waveform. As a result of this
operating mode, the radar can re-
ject moving clutter from rain, chaff
a n d  b i r d s  u s i n g  u n a m b i g u o u s
Doppler f i l ter ing, as do the continu-
ous wave radars in US systems,
such as Hawk.

T h e  m o n o p u l s e  r e c e i v e  f e e d
u s e s  s i x  h o r n s .  T h e  t w o  c e n t e r
h o r n s  a r e  e a c h  e x c i t e d  i n  t w o
modes ,  one  fo r  the  sum channe l
and one for the azimuth difference.
Thus, the feed is the equivalent of
the 12-horn feed described by P.W.
Hannan in  h is  1961 paper . l  S ince
the received signal is linearly polar-
ized at this feed, multimode opera-
t ion is possible, and the i l lumination
function can be control led to mini-
mize sidelobes and spi l lover.

SA-10 (Grumble) Missi le 48H6E
T h e  S A - 1 0  T E L A R .  s h o w n  i n

Figure 9,  mounts four  miss i les in
canisters that are raised to the ver-
tical position after transport to the
site. Figure 10 shows a cut-away

[Continued on page 35]
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canister that was displayed. The
missile is ejected from the canister
by gas pressure on two p is tons
that run the length of the canister
on each side of the missile. Movies
of the launch operation show the
v e r t i c a l l y  e j e c t e d  m i s s i l e  a t  a
height of some 30 m being orient-
ed to the desired azimuth and ele-
vation with thrusters at the tail of
the miss i le ,  a f ter  which the main
motor fires. Mid-course guidance is
prov ided by the Flap L id,  which
tracks a beacon in the missile, and
terminal guidance may be either a
continuation of the command mid-
course or homing guidance using a
semiactive seeker, for which illumi-
nation is provided by Flap Lid.

S300V (SA-12) System
Figure 1 1 shows the SA-12 sys-

t e m  a n d  D r .  V . P .  E f r e m o v  o f
Moscow-based Antei, the system's
manufacaturer. The SA-12 equip-
ment on display included the Gri l l
Pan and Bill Board radars, shown
in Figure 12, and the missile canis-
ters and TELARS, shown in Figure
13. The High Screen sector search
radar for detection of tactical ballis-
t ic missi les (TBM), demonstrated
at Naro-Fominsk in July 1993, was
not displayed at this show.

Bill Board Three-Dimensional
Surveillance Radar

Figures 14 and 15 show the Bi l l
Board, which is an S-band scan-
ning-beam three-dimensional radar
using a phase-scanned planar ar-
ray of slotted waveguide radiators.
A remarkable feature of this radar
is the arrangement for stowing the
array for transport. The top of the
radar aftay first folds forward about
the hinge at its center to produce a
half-height unit. The IFF array folds
upwards across the lower front of
th i s  un i t .  The  en t i re  s t ruc tu re  i s
then folded forward to a 45o angle
from the vertical. At this point, the
array unit rotates 90o in its aper-
t u r e  p l a n e ,  r e d u c i n g  t h e  w i d t h
across the vehicle to match the ve-
hicle width, and the structure con-
tinues to fold onto the roof of the
vehicle. ln this way, the erected ar-
ray width can be twice the vehicle
width, and the unfolded height can
be somewhat greater than the ar-
ray width. The entire process takes
one minute and is carr ied out by
hydraulic pistons with a push but-
ton control.
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Grill Pan Fire Control Radar
Figures 16 and 17 show the Gril l

Pan,  wh ich  is  a  m u l t ip le- target
X-band tracking and guidance ra-
dar using a 10,000-element space-
fed transmission lens. Above the
radar arcay is an IFF planar afiay,
and be low i t  a re  three s ide lobe
canceller antennas, which are me-
chanica l ly  s teered to  cover  the
main array sidelobe structure on
up to three selected targets. There
are two monopulse feeds on the
top of the rotating radar turret. The

upper feed is covered by a white,
Teflon-like shell and is used when
the array is set to 30'tilt for aircraft
targets. The lower feed is further
forward on the roof of the turret
and is in line with the center axis oi
the array when it is tilted to approx-
imately 45" for TBM intercepts.

The emphasized features of the
SA-12 system, including the Gri l l
Pan array, are low RF loss and low
cost. The phase shifters are Fara-
day rotators, having two sections

[Continued on page 37]
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in series, controlled by separate
coi ls,  wi th a total  phase shi f t  of
720? In each phase shifter, the first
co i l  i s  connected in  ser ies  wi th
coils of other phase shifters in that
row and driven by the row com-
mand. The second coil is connect-
ed in series with coils of the other
phase shifters in that column and
drlven by the corresponding col-
umn command.  Thus,  a  10,000-
e l e m e n t  a r r a y ,  1 0 0  x  1 0 0  e l e -
ments, requires only 100 row dri-
v e r s  a n d  1 0 0  c o l u m n  d r i v e r s .
There are no electronic compo-
nents on the phase shifter.

The radar transmits right circular
polarization and receives left circu-
lar (the predominant target echo
polarization), and hence the Fara-
day rotator uses the same control
field for reception as for transmis-
sion. The control field is changed
only  when the beam pos i t ion  is
changed. During a dwell of several
m i l l i seconds ,  seve ra l  hundred
pulses are  t ransmi t ted and re-
ceived. The phase shifter loss is
less than 1 dB in each direction.

Since the transmission and re-
ception are performed with orthog-
onal polarizations, isolation is ob-
ta ined wi th  an or thomode feed
horn, eliminating the duplexer loss.
The low noise receiver (noise fac-
tor 3 dB) uses an electrostatic am-
plifier tube that can withstand leak-
age powers of  several  hundred
watts without damage and with
near-instantaneous recovery to full
ga in  and  sens i t i v i t y  when  the
transmitted pulse ends. Thus, the
loss attributed to solid-state protec-
tive devices commonly required in
Western radars is also absent. The
total round{rip RF loss from trans-
mitter tube to low noise receiver
(excluding propagation loss in the
atmosphere)  is  he ld  to  3  dB,  in
contrast to the 7 to 12 dB found in
comparable Western systems.

The reduced cost and loss, and
the ability to transmit and process
(with high clutter attenuation) high-
PRF waveforms over long dwells,
are made possible by the assign-
ment to the radar of a limited num-
ber  o f  t r acks  and  ve ry  l im i ted
search capability, in contrast to the
Western preference for multifunc-
tion array radars. The cost of sepa-
rate search radars must be accept-
ed in such a system. lt is perhaps
the reduced emphasis placed by
the Russian mil itary on l i fe-cycle
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costs of  vehicles and personnel
that permits them to use this ap-
proach. Another possible explana-
tion is the Russian military's insis-
tence on high performance against
targets of low cross section in envi-
ronments  conta in ing ra in ,  chaf f
and other sources of clutter, an al-
most insoluble problem when the
multifunction approach is adopted.

Gladiator TELAR
T h e  T E L A R  f o r  t h e  s m a l l e r

(Gladiator) missile has an antenna
mast that is erected vertically, as
shown in Figure 18. The antenna
pedestal is the conventional eleva-
tion over azimuth type. There are
four missile canisters at the rear of
the TELAR, and the bottoms of
these canisters rest on the ground
when the canisters are raised to
the vertical launch position.

Giant TELAR
Figure 19 shows the TELAR an-

tenna for the Giant missi le.  The
antenna is  mounted on a  mast
structure that is fixed in a horizon-
tal posit ion. As a result, the first
axis is a roll axis and the second
axis, which permits the antenna to
move in elevation, can be an az-
imuth axis when the first has rolled
through 90? In effect, the pedestal
is of the x-y type, which can track
targets through zenith without ex-
cessive angular accelerations.

TOR (SA-15) System
The TOR system is a self-con-

tained, single-vehicle SAM system,
capable of engaging two targets si-
multaneously, at ranges of up to
12 km. The vehicle contains two
magazines of four missiles each, a
rotating turret with a search radar
at the rear and a phased-array
tracker at the front. as shown in
Figure 20.

TOR Search Radar
Figure 21 shows the search ra-

dar, which scans its reflector an-
tenna through 360" in azimuth and
per forms e levat ion scan wi th  a
f requency -scanned  feed .  Th i s
scanning can proceed during vehi-
cle motion.

TOR Tracking Radar
The TOR tracking radar antenna

is shown in Figure 22. lt is t i l ted
45' in elevation and is pointed in

[Continued on page 39]
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[From page 37] BARTON

azimuth by rotation of the turret in
response to target detections by
the search radar. Beside the radar
antenna is an electro-optic tracking
instrument.

AA Gun System
An antiaircraft (AA) tank with

combined gun and missile arma-
ment is shown in Figure 23. This
equipment appears to be the suc-
cessor to,the ZSU-23, with a pair of
larger, 30 mm guns and a short-
range miss i le .  The same bas ic
combination, but with a 6-barrelled
gun, is offered for naval air defense.

Artillery Locator System
A phased-array artillery locator

sys tem des igna ted  1  L219  o r
Zoopark is shown in Figure 24.The
antenna is a space{ed reflectarray.
The feed appears quite complex,
with four waveguide inputs.

Air-to-Air Seekers
The Phazotron concern exhibit-

ed three air-to-air seekers, shown
in Figures 25 to 27. The Ku-band
act ive  seeker ,  des ignated 98-
1103M, uses a klystron transmitter
tube. The X-band semiactive seek-
e r ,  des igna ted  9B-1  1  01  K ,  now
uses a four-section phase mono-
pulse array. The replacement an-
tenna for this seeker uses a slotted
waveguide aftay, mounted on an
interest ing gimbal conf igurat ion.
The outer  g imbal  cons is ts  o f  a
semicircular yoke that is supported
by four pairs of wheels, two pairs
of which drive this axis. The inner
gimbal is of conventional design. lt
appears that the electronics have
also been modernized.

Mainstay Early Warning Radar
Aircraft

A number of Mainstay EW air-
craft were parked at the base. Fig-
ure 28 shows one such aircraft that
was on display. Mainstay is the
NATO designation of the Russian
AWACS aircraft.

Earth Survey Radar Aircraft
A survey aircraft equipped with

multifrequency synthetic aperture
radar was displayed, as shown in
Figure 29. The radars operate at
wave lengths o f  0 .04,  0 .23,0 .68
and 2.3 m. The antenna for the
shortest wavelength appears to be
in the pod beneath the fuselage,
whi le the longer-wave antennas
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are mounted conformally on one
side of the fuselage.

Gonclusion
A number of Russian radar sys-

tems have become available for
viewing by Western engineers who
have previously had only fragmen-
tary information on the technology
developed by their Russian coun-
terparts. The technology of these
systems is impressive, and the
quality of the equipment poses a
serious challenge to Western con-
cerns who will have to compete in
the world market for defensive ar-
maments. Russia has produced a
large number of different phased-
array radars that are designed for
specific purposes, such as search,
tracking and guidance.

Available in production quanti-
ties, these radars represent a new
approach, unfamiliar to those who
equate phased arrays with the
multifunction radar used in such
US systems as Patriot and Aegis.
Original Russian work on reduction
of cost and RF losses in these ar-
rays has contributed to their ability
to place so many of these systems
in the field. I
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