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Oepressed Trajectorivs:
Uulikely Role fur
Sovict SLIBM ¢

We do not believe thit currently deployed Soviet SEBM systems can {ly
reduced-Nlight-time profiles. usually referred to as depressed tragectories,
Furthermore. we see 1o evidenes of Soviet programs to devetop SLB N
with this cupability. Theoredcully. depressed trigectories can reduce tlight
times substantially befow those normally expected. Thus the missiles might
ceach strategic aireralt and other time-urgent targets without allowing
sufficient warning time for aireraft dispersal and for US command.
control. and conmmunications systems to respond to the wttack in
coordinated fashiof.

\We bLetieve that the current Soviet SIBM force would require extensive
modifications or. more likely. redesign to Ay @ reduced-ight-time profile.
The magnitude of these clianges would prohibit their implenzentation. The
missile guidinee system. the submarine fire-control system. and the reentry
vehicles would zll need 1o be modified or redesigned. '

W believe that Sovict emphasis in SLBM design is now and will continue
throughout this decade on increusing the survivability and readiness of
their systems. To accomplish this. the Soviets are developing long-range.
stellar-aided inertially guided SLBMs. The long range allows the Soviets to
conduct patrols in or ncar their lome waters, in order to enhance
survivability and reduce the time required by the submarine to get on
station. The stellar-aided guidance systems cnhance system survivability
and readiness by making the missile less dependeni on external navigation
aids. This tvpe of guidance system also helps to provide an acceptable.
although medest, missile accuricy for these Sovict systems.

The Sovicts undoubtedly recognize the advantage of reaching time-urgent
targets quickly. We believe that they might consider reducing light times
by moving a smail group of submarines closer to US targets than they are
in their current patrol arcas. Even in this situation, we believe that their
SLBMs would be (lown with standard trajectories. Moreover. the (light -
times would not be comparable 1o those achievable by using the theoretical
reduced-flight-time trijectorics.
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Latroduction

Trends tn Soviet
SLBM Developmeat

Depressed Trajectorics:
Unlikely Role for
Sovict SLBMs

The possible use of Soviet SLBMs in « reduced-flight-time * profile. or so-
called depressed teajectory. has receved much attention in tite United
States. This attention is generated by the possible vulnerability of the US
bomber force and other time-urgent targets. such as commaad, contral.
and communicittions ceaters. 1o it surprisc attack by Soviet SLBMs. This
would invalve using a flight profile whereby the missile flight time is short
cnough to threaten the escape of strategic aircrafl on wlert and to prevent:
US command. control, und communications ceniters from responding o the
attack in a coordinattd fashion. We have constructed theoretical aad
nonstundard flight profiles, which. if Qown. could reduce the missile ight
time below that. normally expected. We also address the compatibility of
these trajectories with currently deployed Soviet SLBMMs

The tread in Soviet SLBM development is now and will continue to be
throughout this decudé on fictding tong-range stellar-aided. tnertially
guided systems. Such designs cahuance the reudiness and survivability of
Sovict SLBM systems.

Through 1968 the Sovicts had developed a‘nd deplosed only single-stage.
short-sange (up to 2,400 kilometers) SLBMs. The last missile of that serics
was the S§-N-G, carried by the Y-I-class SSBY

The extremely short runge and inflexibiiity of the SS-N-6 missile and a
{ice-control svstem on'the Y-I, which we belicve has an exiremely limited
computational cupability, undoubtedly were sources of concern {or Sovict
planners. The short range of the missile accessitated time-consuming
transits from Soviet ports o patrol areas within range of US targets,
During transit. the submarincs carrying the SS-N-6 SLBM were vulner-
blc to detection by antisubmarine warlare (ASW) forces

We belicve that Sovict 2llempts o correct the shortcamings of the SS-N-¢
led to the design and deplovment of long-range stellar-sided, tnertially
guided SLBMs. The SS-N-§ was deploved on the D-l-cluss submuarines 1n
1973, and the Mod | has a tange of 7,800 kilometers (km). The SS-N-18

' The term depressed trajectory traditionadly has been used (o refer to any Mlight peofile
specifically used o reduce Night times below those acrmally cxpected. Since this i< the
vbjective of these profiles. we believe the term reduced- Qight-time profile is more
appropriate and will be used in this paper,




was deploved on the D-TH in 1978, xnd the Mod 2 has i cange of 7930 km.
(\We are excluding from considerattion the SS-N-17, which is deployed anty
on the single 12-tube Y-Tl-chias SSBN O In Linuary 1980 the Sovicts began
flight-testing set another long-range SLBM. This missile, which we
designate the SS-NX-20. is not yet eperationals its maximun booster range
is about £.000 o 9.000 km.

The SS-N-18 s the most recent Soviet SLBM to reach operitional status,

_j-\u apparrent Soviet goal in designng the
SS-N-18 wis to incrcase it survivability and readiness by making it less
dependent on external navigation aids. Survivability is tncreased because
the use of muvigation aids to update the submarine nuvigation syatem will
be less frequent. Such updating olten requires near-surface subnuirine
operations. System readiness in the 8S-N-18 ix improved by climinatng
the requirement 1o take @ final position (ix after the kiunch command is
given. The older SEBMa. $S-N-0 und $5-N-8. may well require such a lix
Leeause of the low-quality Sovizt submarine mavigadion systems.

The current trend in Soviet SLBM development is to ficld long-range
svstems that can operate covertly and at a high state of readiness for long
neriods of time. The very tong range of the 35-N-8 and 5S-N-I8 SLBMs
allows the Sovietls to patrol inarcas close to their home ports while
remaining in range of targets in the United States. The locution of these
patrol areas would make it very difficult for Western ASW forces to
cngagc and destroy Soviet SSBNs during times of hosulity * Morcover. the
locition of these patrol wrcas close 1o the Soviet homeland makes it casier
for them to protect their patroiling SSBNs. (The Soviets have committed o
significant portion of their geacral purpose forces to this role.) We believe
that the Soviet desire to patrol in arcas closer to their own ports was, at
least in part. the motivation for developing their large tong-range SUBM .

\We belicve the Soviets will follow their well-establishied trend of ficlding
Lirge long-range SLBAM s for the remainder of this decade. There s no
cvidence o indicate that they will do otherwise. I the Sovicts decide to de-
velop an SLBAL system specitically for reduced-fight-time prafiles or to
modify an existing system for this role. they would have 1o conduct flight
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Theorctical Triajectory

Cansiderations

tests to verify the missile’s performance. We belicve that the Soviets would
have Little chianee of concealing cither the tests of &t modificd tisstle ur the
more extensive tests that would be required for i new missile. We have
high confidence that we would detect. and recognize the intent of, such
tests if the Sovieis were to conduct them.

Large ballistic missiles in general fly o minimum-cnergy. gravity-turn
trajectory. The theoretical technigue that appears te be most effective in
reducing tlight time is reterred o as angle-of-ettack steering wesignated o5-

steering).

Ballistic missiles generally follow a flight profile that provides 1 manimuimn
range for 4 fixed amount of energy and does not produce excessive
acrodynamic and hehiting loads on the missile. In such a flight orofile. the
missile pitches over in the direction of the target shortly afier Leanch and
maintains the direction of the velocity it has gained parallel with the
missilc’s longitudinal axis during transit of the carth's atmosphere.

In contrast to a minimum-caergy. gravity-lurn (rajectory. i trajeclory
generated by a-steering uses a steeper ascent for the missile while it passes
tnrough the atmosphere. When above the atmosphere, the missile pitches
down, developing a large angle between the velocity vector and the
longitudinaul missilc axis: that is, the missile develops a large negative angic
of attack. Thus. the missile thrust is used 10 change rapidiy the direction of
the veiocity as well as its magnitude (see figure 1.

For a given range. a-steering produces a shorter (Tight time with corre-
spondingly smaller acrodynamic and hcuating stresses than any other
technique for reducing flight times substantially below those of a mini-
mum-cnergy trajectory. However, for SLBM systems where the launch
location and ranges (o assigned targets are constantly changing as the
submarinc moves through its patrol region, trajectorics using a-steering
require flexible missile guidance systems and a submarine fire-control
computer with substantial computational capability. The pitch histery,
cnginc burn time. and reentry angic of missiles flving trajectorics generat-
¢d by a-steering arc all dependent on and vary with range to target. The
Soviets basically operate their SLBMs esseatially with fixed-pitch pro-
grams and generally constant reentry angle for all ranpes.

A comparison of flight time versus range for missiles flyving a-steering and
nominal trajectory profiles and having the tatal impulsc of the SS-N-6

Mods 2 and 3 and the §S-N-8 Mod 1 are shown in figures 2 and 3. The top
branch of cach curve represents the nominal (demonstrated) time-of-flight
profile, and the lower branch represents flight times that could be achicved

5 . SeertT




Figure |
Comparison of Gravity<Turn and Alpha-Steering
Trajectorios

using a-steering. The actual missile propulsion characteristics E .

. T and angle-of-attack limitations were used in generating these
curves. The ability or inability of the miss_ilc's guidance and control system
to support the a-stecring flight profile was not considered (Uus is discussed
in a later section of this paper). For planning purposcs, the lower branches
¢f these curves are practical lower bounds for the time of flight v the indi-
cated ranges. .

The curves shown in figure 3 for the SS-N-8 are also representative
(although not exact) of flight times for the SS-N-18 beeause their boosters
are very similar. The greater throw weight of the SS-N-18 Mods 1 and 3.




Vigare 2
Nominzt and Fhearetical Depressed Teajectars
Flight Tines for the $5-N-6 Mod 2/3 SLEM
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however, reduces the maximum booster range to about 6,700 km. The Mod
2 has a substaatially lghter throw weight than Mods 1 and 3. Thus. the
baoster range for the Mod 2 is very closc to that of the SS-N-§ Mod 1
shown in figure 3




Figure 3
Nominal and Theoretical Depressed Trajectory
Flight ‘T'imes for the SS-N-8 SL.IM
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Capability of Soviet Of all the flighe L :}\rha-t—wehavc obscrved to dutcc
SLBMs To Fly 3 the Sovicts have not flown an SLBM to any range in a
Reduced-Flight-Time deliberate attemipt to minimize the flight time.

Profiles
The three Sovizt SLBM weapons systems currently deployed against the
continental United States arc the 3S-N-6, S$-N-8. und the SS-N-18. We
do not belicve that any of these deployved SLBM svstems are viable
candidates for use in a reduced-flight-time trajectory without extensive
system modifications. We believe that the modifications would make their
implementation unreasonable,

O




SS-N-6

We do not expect the 55 N-6 10 be used a1 maaner dilferent from that
used stnce 1t was deployed 1a 1968, The SS-N-6 generally follows Night
profiles that sre close to minimum-cncrgy trajactorics. For the Mods 2 sad
3o however, the trigectories ace fofted slightly compared to minimum-
cnergy trgectortes. and stightdy lorger Qight tmes ave wctuadly realized.

The SS-N-6 is the oldest of the madern deployed Soviet SLBA s s
deployed in thicee variants on the V-I-cliass SSBN

Jwe know all three variznts use the same pitch program
during missile boost. The progrium is optimized for the maximum range of
the Mod . The missile uses an analog Night computer, und we believe the
pich program is irretcievably stored in the computer before it is insitlled in
the missile. Consequently. any Soviet attempt o implement 1 different
pitch progrim for the SS-N-6. such as a-steering. would require installing
wnew computer and modifving the missile’s guidiance and conteol svatem.
Such changes are substantial. und we belicve they are o extensive o be
tmplemented on this aged system

We believe that one of the reasons for the simplistic implementation of che
pitch program on the SS-N-0 s to cuse the targeting burden on the Y-1
lirc-control system. The SS-N-6 Mads 2 und 3 have a higher specific
impluse than the Mod. | but were developed with the same piteh progrivns.
The Mod 2 has a slighuy less efficient. more lofted trijectary than the
Muod 1 The Soviets apparently were reluctant o develop different pitch
programs even for different variants. Even if the Soviets were 1o install o
completely tew computer on the SS-N-6. they undaubtediy would have to
make changes i the fire-control svatem or the submarine.

5S-N-8
The 35-N-8 frequently has demonstrated flight_times slightly fess than
those obtatned 1n minmume-cncrgy tridectorics!

3

The S5-N-§ wis destgned from the outsetas a long-range system and
incorporates a stelliarscnsor as an integeal part of the guidance system. The
stellar sensor provides the missile cuidance svstem with infornation

. _leequired o remove errors in the
missile’s Might azimuth_ ) R e believe
that the minimum design and operational range of the SS-N-§, using the
current guidance algorithm. is approximately 2.300 km with a Might time
alabout 13 minutes. In contrast o the trjectory oblained using a-steering,
the SS-N-8 uses the same badic piteh progriem for all ranges. wnd the




reentry angle s heid Guarly c-.m.s'iunl[ -
TJEven il it were possible 1o use a-steertug o shorten the
range and light tdme, and « stelliar sighting was still eequired C
j the minemum
range would still be approximately 1830 kot L he Qight tme would still be
1 exeess of aine minutes.

IFor the SS-N-§ to achieve flight times substantially under 10 minutes, the
stellar sighting would have to be cither dispensed with or performed carlier
in powered flight. Simply deleting the steitar sighting. however. would
degrade system performance to an uynaceeptable leve! because of the lurge
azimuth alignment errora at the time of missile launch. .\lorcuvcr.E

e : " we believe that
extensive modificstions would’be required to change the time of the stetlar
stghting or o implement an a-steering program technique.

Ve believe the saivo time for the 12-tube B-I-class submarine is four to
five minutes: for the 16-tube D-11 the time is six to seven nvinutes. While
this is a respectiable salvo rate. the totad silvo time is incompatible with
launching a full complement of missiles against tme-urgent targets for all
the missites 1o be effective. Thus. the submarine’s fire-control system must
bie improved o allow a more rapid luunch sequence. or the number of
SSBNx allocated to ¢ given uttack must be increased. In the latter case,
cach SSBN would launch a partial load of missiles to the most time-urgent |
targets. However. the Soviets realize that increasing the number of SSBNs
would dramatically increase the probability of detection by US acoustic
sensors. The result would be that mobile timic-urgent targets, such as
aircraft, could Le dispersed. -

SS-N-18
Three varciants of the SS-IN-18 are deployed.® Mods | and 3 are cquipped
with MIR Vs, and the Mod 2 carrices & postbocst vehicle with a single
ceentry vehicle, The booster is. in cflect, an upgraded SS-N-8, but the
steltur-inertial guidance system used on the SS-N-18 15 much morc
sonhisticated than that of the SS-N-8

B N R j The aformation obtained is used o
correct errors in the missife’s flight azimuth and w correct errors in the
Launch locauon caleulated by the submarine’s navigation systen.




Jghc perfarmance of the S5-X-18, as curcentdy conlig-
urcd. 10 acthieviag reduced Qight tinses would not be significantls difterent
feosy that of the SS-T\'-C ’

:]\\‘c believe the nuipimuim cange of the SSn\'-l.S\ us g
surcent pitch programs vielding trajectorics Clouse
W minimum ciergy s oout 2,700 to 3,000 km with a flight timie ol 13 10
13 minutes. Shorter ranges are posaible but would require a4 more elwed
trajectony. ;

For thght ttmes substantally under 13 minutes to Le achicved. the stellar
Sightings would hive to be cither eliminated or[ '
’ jnudiﬁcd‘. Given the care and concern that the Sovicts have
exercised in (he development of the stetlar sensor [
. j we do not beljeve that cither of
these alternatives would be attractive 1o the Sovicts.

We do not yet know i the salvo time of the D-11-class subntrine will be
as long as that of the D-1 and D-1 “To date we have observed T |
onlydual lnunches of SS-N-18s at intervals of approximatcely 1S scconda. (s

The apparent Soviet goal in thie SS-N- 18 design was to fictd an SLBAL sya-
tem that was. o0 the extent passible. independent of externul navigation
wids. Genere the SS:N-1¥-does not require @ submarine navigition fix
shoruy befors launch, anc s superior o any previous Soviet SLBNM
system in both readiness and survivability

-




Reentry Emvicoament
for Reduced-Flight-
Time Profiles

SS-NX-2u

The Soviets are now (light-teating i new long-range (5,000 to 9900 ki,

solid propellant, three-stage SLBN, whiclt we designate the SS-N&-20,
dlike its predecessors thy bb \ s

u-d SS-N-IS this miisatle wlso wses stelbur-inertial L,u(d.uu.\..[:

]unhkc the 5S-N\-X
and S5-N-18, the 35-NX-20 boost motors caanot be shut down at some ar-
bitrury time (thrust terminate) they must opzeate until the prapellant is
depleted. Thercfore, if the missile is MMown o ln\ llmn lll.l\l nue r.uu,g the
€XCess energy must be dl\\(p.ll\.dc T

:llllc SS-NX-20 dissipates its
excess energy by flying very lofted trajectacics compared to minimum-
energy tgectories. The lofted trajectories murkedly increase the tme of
flight. Givea the apparrent design and operation of tie SS-NX-20. a
capability o 1y a rgducgd light-time trajectory was not even contem-
phited

An additional consideration in executing ceduced-Qight-time profiles is the
ability of the reentry vehicle (RVy 10 survive and peotect the warhead
during the very shallow. high-velocity reentries. We ire certain thit not
cvery RV deployved by the Soviels

could survive such reentries and allow the warheud to function properly.
We estimute that none of the currently deploved Soviet SEBA R Vs can be
used 10 such reentries. :

¢ believe that @t least until recent years) Sovict RVs were designed so
that the temperature rise in the RV during reentry would not be moce than
Sdegrees Celsius. We simutated the reentry environment that the SS-N-18
Mod 2 RV would experience during i reduced-light-time trajectory 1o see
il thiz criterion would be satisficd.

We assumed that the Mod 2 RV heat shicld consists of two lavers of sifica
phicnelic nsulation with the appropriate bonding auiteriat and thickness.
The thickness chosen waus such that the temperature rise inside the RV
structure during reentry of i demonstrated muxirnum range (ajector
would be about t degree which is consistent with whit we believe 1o be So-
vict design philosophy (or this RV. While we do not know why the Soviets
limit the temperzture visc in the RV shell w such precise toleranees. it nev-
criheless appears to be a genuine part of their design consideritions. 1

10




Risks of lniplementing
an Attack Using
Reoduced-Flight-Time
Profile

—
Aunadysts of reentey stngles represcatative of reduced-flight=tisne trisjectories
shows tat temperattce eises inside the R\ structure wauld be abairt 37 de-
grees at a S-degree reentey angle snd 29 degrees at o 10 degree reentey an-
gle. Based on these results, we do not believe that the design of the Mod 2
RV would permit the RV to withatand the recantry of i reduced-Right-tine
tritfectory and still allow the warheid and associated electronies to function
properly with a high degree of contidence /

A modificition, such as adding thermal insulation inside the RV skicell,
undoubtedly could be made to provide the necesairy protection during

“reentry in reduced-tlight-time trajectories. We do not believe. however.

thad the Mod 2 RV was designed from the outset to be weed in a reduced-
light-time trajectory reentry

[nisamuch s the Soviet long-range Maod 2 RV dues not appeir w be
deaigned for shadlow, high-velocity reentries, we believe it highly unlikely
that RV for the shorter runge systems such as the SS-N-6 and SS-N-18
Mods 1 and 3 would have been designed with this capability. We believe
that the recatry sastem would present another source of problenss that the
Soviets would have o consider before using their SUB M s in an unconven-
tional manner, such as reduced-lighs-time trajectorics

‘We believe that the Soviets pereeive their gretest risk in iplementing an

auack wsing a reduced-Aight-time profile o be the positivaing of Lirge
numbers of SSBNx within suitable range of the targets without detection.
Il detected. not only would the Soviet SSBNs be vulnerable to attack. but
detection would provide time for the dispersut of alert strategic aireralt.
Thus, thevery purpose for an attack using reduced-flight-times against this
class of time-urgent targets would fuil.

The Soviets undoubtedly have evaluated the concept of. flying reduced-
firght-time profiles against time-urgent targets. We do not believe, how-
cver, that current Soviet philosophy for using their SSBN force includes
such a role, and indeed. we da not belicve that the Soviets have that
capability. Whife we believe the Soviets would strike strategic aireradt
bascs und commuand. control, and communications facilitics rapidiy in
aucicar conflict. we do not believe they arc cquipping their SLBM (o ¢
with the capability 1o attack these targets using trajectories other than
conventional ones. In attacking these targets, we believe the Soviets might
move a few SSBNs cluser to the United States and Oy standard trajector-
tes. The flight time will be reduced by simply Nving a shorter range w Lar-
get..




