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Ocpressed Trajectorios:
Ualikely Role for
Suviet SLBM:

We do not believe that currently deploved Sovict SELBN systems can iy
reduced-flight-time proliles, usually referced 10 as depressed trigectories,
Furthermore, we sce no evidenee of Soviet prograuns o develop SLB M
with this capability, Theoredcally, depressed trigectories can reduce Dight
times substantialiy below those normally expected. Thus the missiles might
ceach strategic aircradtand other time-urgent targets without allowing
sufficicnt warning time for aireradt dispersal and (or US conmmand,
control, and communicittions systems 10 respond Lo the attack in a
coordinated fashioh.

We beliove that the current Soviet SLLBM foree would require extensive
modifications or. more likely. redesign to Iy a reduced-Night-time profile.
The magnitude of these clianges would prohibit their implementation. The
missile guiditiee system, the submarioe fire-control syatem. and the recntry
vehicles would all need 10 be modified or redesigned. ’

W Lelieve that Sovict emphiasis in SLBM design is now and will continue
throughout this decade on increasing the survivability and readiness of
their systems, To accomplish this. the Soviets are developing loag-range.
sicllar-aided inertially guided SLBMs. The long range allows the Soviets wo
conduct patrols in or acar their home waters, in order o enhance
sucvivability and reduce the time required by the submarine o get on
station. The stellur-aided guidance systems enhance system survivability
and readiness by muking the missile less dependent on externid navigation
aids. This type of guidance system also helps 1o provide an acceptable.
atthough medest, missile accuracy for these Sovict systems.

The Sovicts undoubtedly recognize the advantage of reaching time-urgent
targets quickly. We believe that they might consider redacing Qight times
by moving i 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 (Qown with standard trigectories, Morcover. the (tight .
times would not be comparable 1o those achicvable by using the theoretical
reduccd-Nlight-time trectorices.
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Introduction

T'rends in Soviet
SLBM Development

Depressed Trajectorics:
Unlikely Role for
Sovict SLBMs

The possible use of Soviet SLBMs in a reduced-flight-time ¢ prolilc. or sv-
called depressed trajectory. has reccived much attention in the United
States. This attention is generated by the possible vulnerability ol the US
bomber force and other time-urgent targets. such as command, contral.
and communicitions ceaters, to i surprise astick by Soviet SLBMs. This
would involve usiag a flight profile whereby the missile flight time is short
caough to threawen the escape of strategic aircrafl on wlert and to peevent
US command, control, and communications centers from respoading to the
attack in a coordinattd fshion. We bave constructed theoretical aad
nonstandard Qight profiles, which. if flown, could reduce the missife Might
time below than normully expected. We also address the compatibility of
(hese trigectories with currently deployed Sovict SLBN

The tread in Soviet SLBM development is aow and will continue to be
throughout this decade on fictding long-range stellar-aided. tnertially
guided systems. Such designs cahance the reudiness und survivability of
Sovict SLBM systems

Through 1968 the Sovicts had developed and deplosed only single-stage.
short-sange (up to 2,400 kilometers) SLBMs. The lust missile of that serics
was the 8§-N-6, carried by the Y-[-cluss SSB?

The extremely short runge and inflexibiiity of the $SS-N-6 missile and o
fire-control system on the Y-1, which we belicve has an exiremely limited
computational cipability, undoubtedly were sources of concern for Sovict
planners. The short range of the missile nccessitated time-consuming
traasits from Soviet ports to patrol arcas within range of US targets,
Durtng transit. the submarines carrving the SS-N-6 SLBM were vulneru-
blc todetection by antusubmarine warlure (ASW) (orees

W believe that Sovict 2ttempts W correct the shartcamings of the SS-N -6
led o the design and deployvment of long-range stellar-sided, tneruiatly
guided SLBNMs. The SS-N-8 was deploved on the D-l-cluss submurines 1n
1973, and the Mod | has a range of 7,800 kilomceters (km). The $S-N-18

' The term depressed trajectory traditionatly has been used to reler o any Might profile
specifically used to reduce Night times below thuse acrmally expected. Since this i the
ovbjective of these profiles. we belicve the term reduced- flight-time prolile is more
appropriate and will be used in this paper.




wits deplored on the D-TH in 1978, and the Maod 2 has i cange of 7.930 km,
(\Weare exctuding from considecation the 8S-N-17, which is deployed anly
on the single 12-tube Y-I1-chiss SSBND In Luvary 1980 the Sovicts began
tlight-testing yet another long-range SLBM. This missile, which we
designate the $8-N®R- 20, is not vet eperational: tts maximunt booster cange
1s about §,000 to 9,000 Km.

The SS-N-I8is the moat recent Soviet SLBM w reach operational status,

j-\n uppatrent Sovict goal in desigaing the
SS-N-1S wus to increase its survivability gad seadiness by making it less
dependent on external navigation aids, Survivability is increised because
the use of navigation aids 1o updite the submarine nuvigation system will
be less frequent. Such updating often requires near-surface subnusrine
operations. System restdiness in the SS-N-1IS @5 improved by climinating
the requirement 1o titke @ final position (ix after the Brunel command is
given. The older SLBMa, $8-N-0 and SS-N-8, miay well require such a (ix
Lecause of the low-quatlity Soviet submtarine navigaiion aystems.

The current trend i Soviet SLBM development is w ticld long-range
systems that ciun operate covertly and at a high state of readiness for long
neriods of time. The very tong runge of the 55-N-8 und SS-N-18 SLEBNMs
allows the Soviets to patrol instrets close o their home ports while
remaining in riange of targets in the United States. The location of these
patrol arcas would muke it very difficult for Western ASW furces to
engage and destroy Soviet SSBNs during times of hostility.* Moreover. the
lociuion of these patrol arcas close to the Soviet homeland makes it casier
for them to protect their pateoiling SSBNs. (The Sovicts have committed o
sigaificant portion of their gencral purpose forees to this role We believe
that the Soviet desire 10 patrol in arcas closer 1o thicir own ports was, at
least in part, the motivation for devcloping their farge lung-range SLBN,

\We belicve the Sovicts will follow their well-established trend of ficlding
Lirge long-range SLBM s for the remainder of this decade. There is no
cvidence o indicate that they will do otherwise. U the Sovists decide tu de-
velop an SLBM sestem specifically for reduced-Qight-time prafiles or wo
modily an existing svstem for this role. they would have to conduct light
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Theoretical Teajectory
Cansiderations

tests to verify the missile’s performance. We belivve that the Soviets would
hive Little chance of concealing cither the tests of i modificd wisatle ur the
more extensive tests that woald be required Tor i new missite. We have
high confidence that we would detect. and recognize the intent of, such
tests if the Sovieis were 1o conduct them,

Large ballistic missiles in general v & minimum-cnergy. gravity-turn
trajectory. The theoretical technigue that appears e be most effective n
reducing flight time is referred 1 as angle-of-sttack steering designated -
seering).

Ballistic missifes generally follow a flight profile that provides a mantmuin
range for a fixed amount of energy and does not produce excessive
acrodynamic and hchiting loads on the missile. In such a flight profile. the
missile pitches over in the direction of the target shortly after teanch and
maintains the dircction of the velocity it has gained parallel with the
missile’s tongitudinal axis during transit of the carth’™s atmosphere.

In contrast to 2 minimume-cnergy. gravity-turn (rajeclory. it trjeclory
gencrated by a-steering uses a steeper ascent for the missile while it passes
tarough the atmosphere. When above the atmosphere. the missile pitches
down, developing a large angle between the velocity vector and the
tongitudinul missilc axis; that is, the missile develops o lurge negative angie
of attack. Thus. the missilc thrust is used 10 change rapidly the direction of
the veiocity as well as its magnitude (see figure 1),

For a given range, a-steering produces i siiorter Qiglit thne with corre-
spondingly smaller acrodynamic and heating stresses than any other
technique for reducing flight times substantially below those of & mini-
mum-cncrgy triyectory. However, for SLBM systems where the launch
location and ranges 1o assigned targets are constantly changing as the
submuarinc 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 bura time, and reeatry angic of missiles Qying trajectorics generat-
¢d by a-steering arc all dependent on and vary with range o turget. The
Sovicts Lasically operate their SLBM s essentially with fixed-pitch pro-
grams and generally constant reentry angle for all ranges.

A compaurison of flight time versus range for missiles Mlying a-steering and
nominal trajectory profiles and having the total impulse of the $S-N-0

Mods 2 and 3 and the $S-N-8 Mod 1 are shown in figures 2 and 3. The top
branch of each curve represents the nominal (demonstrated) tme-of-fight
orofile, and the lower branch represents {light times that could be gehieved

3 ] SeectlT




Figure 1
Comparclson of Gravity=Turn and Alpha-Steering
Trajectories

Huanter baeraeut
LN

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 missjlc'.s guidance and control system
to support the a-steering Night profife was not considered (ths is discussed
in a later section of this paper). For planning purposcs, the lower branches
of these curves arc practical lower bounds [or the time of Aight tu 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 because their boosters
are very similar. The greater throw weight of the SS-N-18 Muods 1 and 3.




Vigure 2
Naminal zwnd Theoretical Depressed Trajectocs
Flight Timwes for the $8-N-6 Mud 2/3 SLEM
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Depressed

however, reduces the maximum booster range (o about 6,700 km. The Mod
2 has a substantially lighter throw weight than Mods 1 and 3. Thus. the
bauster range for the Mod 2 is very close (o that of the SS-N-8 Mod 1
shown in figure 3




Capability of Seviet
SLBMs To Fly
Reduced-Flight-Time
Profiles

Figure 3

Newmbial aud Theoretical Depressed Tegjectory
Flight Times for the SS-N-8 SL.EM
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Range thmi

Or all the flightL

2\rhpt-we~havc obscrved to du(cc
3 the Sovicts have not flown an SLBM to any range in a

detiberate attempt 1o minimize the flight time.

The three Sovizt SULBM weapons systems currently deployved against the
continental United States are the $S-N-6, SS-N-8, and the SS-N-18. W¢

do not beticve that any of these deployed SLBM systems are viable

candidates for use in a reduced-flight-time teajcctory without extensive
system modifications. We believe that the modifications would make their
implementauon unreasonable.




SS-N-6
We do not expect the $S-N-6 to be used o autaner diflerent feom that
usced since it was deployed ia 1968, The SS-N-0 generatls follows flight
praliles dutt stee close to minimum-cacrgy tragectorics. For the Mods 2 and
X however, the trajecturies aee totted slighty compared o mintmuim-
cnergy teajectortes, and stightly lorger fight times wie actually realized.

The SS-N-0 is the oldest of the madern deployed Soviet SLBAMx, T
deployed in thicee variants on the Y-l-cliss SSBN

Jwe know all ticee varients use the sme pitch progeanm
durimg mssile boost. The progriud s optimized for the maximum range of
the Mod 1. The missite uses an analog Qight computer, and we believe the
pitch program is irretrievably stored in the computer before it is instadled in
the missile. Consequently, aay Sovigt attempt o implentent a differcnt
pitch program for the $5-N-6. such its a-steering, would require installing
o new computer and modifviag the missile’s guidanee and control system.
Such changes are substantial, wund we Lelieve they are two extensive o be
tmplemented on this aged system

We believe that one of the reasons for the simplistic tmplementation of (he
pitch program on the 8S-N-6 is to cuse the targeting burden on the Y-1
firc-control system. The SS-N-6 NMads 2 and 3 have a higher specific
fmpluse than the Mod. | but were developed with the same pitch progrisms.
The Mod 2 has o shlightly less efficient. more tolted trsgectory than the
Nod 1. The Sovicts apparently were reluctant o develop different piteh
programs even {or different variants, Eveo of the Soviets were o install a
completely new computer on the SS-N-6. they undoubtedly would have 1o
muke changes i the fire-control system of the submarine.

CS8S-N-8
The 55-N-§ frequently has demunstrated Night imes slightly fess than
those obtatned in minimume-covrpy trinecturics!

1

The SS-N-8 wiun deatgned from the outset as a long-range system and
incorporates istellirscnsor as anintegeal part of the guidance system. The
xtellar sensor provides the nissile auidance system with informetion

. -:](cquucd Lo remove errors in the
missileTs light ::zimulhl: . “Jwe believe
that the minimum design and operationil range of the SS-N-§, using the
current guidanee algorith is approximately 2.800 kot with a fight time
ol adout 13 minutes. Tn cantrast to the tagectory gbutined using w-steering.
the SS-N-8 uxes the same badic pateh progriom for all ranges. and the




reentry angle s beid fuirly cuu.\'i:(nl[ -
TJEven i it were possible to use a-steeriag o shorten the
cange and fight time, and o stellar sighting was still required €
j the mintmum
range would still be approximately 1830 km. the Qight time would seill be
11 exeess of nine minutes.

IFor the 58-N-8 o achieve light times sudstantially under 10 minutes, the
stethar sighting would have to be cither dispeased with or performed exrlier
in powered light. Simply deleting the steitiar sighting, however, would
degrade system performance 0 an unaceeptable leve! beciuse of the turge
wzimuth alignment ereors at the time of misaile launch, Morcover.

e - D 3 we believe that
extensive modificetions would’be required to change the time of the stetlar
stghting or o implement an a-steering program technique.

We believe the saivo time for the 12-tube D-I-class submarine is four o
five minutes: for the 16-tube D-IL, the tme is six to seven minutes. While
this is a respectable sidvo rate. the totad salvo time is incompatible with
launching a full complement of missiles aguinst timz-urgent targets for all
the missites 1o be effective. Thus, the submarine’s fire-control system must
Le improved to allow a more rapid launch sequence. or the number ol
SSBNs allocated to @ given attack must be increased. In the latter case,
cach SSBN would launch a partial load of missiles o the most timg-urgent |
turgets. However, the Soviets realize that increasing the number of SSBNs
would dramaticaltly increuse the probability of detection by US acoustic
scasors, The result would be that mobile tinic-urgent turgets, such as
airerafi, could Le dispersed.

SS-N-18
Three variants of the SS-N-18 arc deployed.' Mods 1 and 3 are cquipped
with MIRVs, and the Mod 2 carries i postoecst vehicle with a single
reentry vehicle. The booster is. in ¢ffect, an upgraded SS-N-8, but the
stelfar-inertial guidince system used on the SS-N-18 15 much more
sophisticated than that of the $S-N-8.

; . i 7 The information obtained is used o
correct errors in the missile’s Might azimuth and o correct errors in the
Lrunch location caleulated by the submarine’s navigation system.




llhc perfarmance vl the 55-5- 18 as curcentdy contig.
urcd. ircactieving reduced Qight tinses would nat be \u,mlu..mll\ dilferent
ooy thot of the §SS-N- C

j\\ ¢ believe the minimui ringe of the SS-N- l.\ using
surcent pitch programs vielding tra u.t.lorln Sluse
o minimum cacrgy s goout 2,700 to 3,000 km with a flight tinic of 13 10
L3 minutes. Shorter ranges are posaible but would require i more feleed
tegectorny., ’

For thght times substantially under 13 mmun.\ to Le achieved. the xull r
\ll_lmnp would hive w be cither eliminated or
;nudlfu.d Given the care and capcern that the Soviets have
cxercised in (he development of the siellar .\anrC
we do not believe that cither of
these alternatives would be attractive w the Sovicts.

Ve do not yet Know ¢ the sadvo tmie of the D-H-cluss subasyrine will Le
as long s that of the D-1 and D-11 TTo date we have observed
only¥dual krunches oF SS-N-18s atintervauls of approsimately 13 acconda. (»

The apparent Soviet goul in the SS-N- 18 design was 1o Nickd an SLBAL sy-
tem that was. 0 the extent passible. independent of external navig,
aids. Gener: the SS:N-1¥ ‘dues not require @ subnuirine navigaiion fix
shortly before Taunch, ane (s superior o any previous Soviet SLBM
system in both readiness and survivabilicy




Reentry Finicroanent
for Reduced-Flight-
Time Profiles

S8-NX-20

Tlhie Sovicts are pow light-testtng i new long-ringe (8,000 10 9,000 Kk,

salid propelliant, threce-stage SLBM, which we designate the S5-N&-20,
like its predecessors thye bb \ N

‘u-d SS-N-S. this missile wlso wes stellar-inertial guidance. C

:\uullkc the S5-N\.X
and SH-N-18, the 35-NX-20 boust motors canot be shut dowa it some ar-
bitrary time (thrust terminate): they must opgeate until the prapeliant is
deploted. Thercefore, iF the atissile is ﬂuun v lu\ m.m lll.l\l'l‘llll‘l range. the
€XCes energy must be dl“m.uudc o

Tahie SSINX-30 dissipates its
excess energy by flving very lafted teajectacics compared to minimum-
cnergy tagectories. The lofted trujectories markedly inerease the tme of
flight. Given the apparent design and vperation of the $S-NX-20. a
capability o 1y a rgduud flight-time trajectory wiss not even canten.
phued

An additional consideration in executing ceduced-Aight-time prolifes is the
ability of the reentey vehicle (RV) 10 survive and protect the wachead
during the very shiallow, high-velocity reentrics. We are certain thit not
cvery RV deploved Ly thie Soviets

could survive such reeatries and allow the warhcad o function properly.
We estimate that none of the currently deploved Soviet St [i\l RVs can be
used i such reentries.

¢ believe that (at least until recent years) Soviet RYs were designed so
that the wemperature rise in the RV during reentry would not be sore than
Sdegrees Celsius. We simulated the reenury eavironment that the 8S-N- 13
Mod 2 RV would experience during o reduced-Clight-time trajectory 1o sce
if this criterion would be satisficd.

We assumed that the Mod 2 RV heat shicld consists of two tavers of silica
phenclic insulation with the appropriate Yonding autterial and thickness.,
The thickness chosen wus such that the temperature rise tnside the RV
structure during reentry of it demonstrated maximum rarge rajectorn
would be about | degree which is consistent with what we believe 1o be So-
vict design philosophy (or this RV, While we do not know why the Soviets
linit the temperature cise in the RY shell to such precise tolerances. it nev-
criheless appears ta be o genaine part of their design consideritions, 1

10




Risks of lmiplcaienting
an Attack Using
Reoduced-Flight-Tinie
Profile

—
Analysis ol reentrs angles represcatative of reduced -flight-tisae trjectaries
shows tu temperatire rises inside the R\ structure wauld be aboit 37 de-
grees it i Sedegree reentey sngle and 29 degrees at a W degeee ceentry -
gle. Based on theae reasults, we do ot believe that the dosign of the Mad 2
RV would permit the RY 1o withstind the reentey of w0 reduced-light-time
tajectory and still allow the warheid and associated electronics to function
propecly with a high degrec of contidence #

A modification. such as adding thermal insulation inside the RV shicll.
undoubtedly . could be made o provide the necessiry protection dusing

" reentry in reduced-flight-time trujectories. We du not believe. however,

that the Mod 2 RV was designed from the vutaet to be uned ina reduced-
flight-time witjectory reentry

[rismuch s the Soviet long-ringe Mod 2 RV does aot appaar 1o be
designed for shallow, high-velocity reentries, we belicve it highly unlikels
thit RV for the shorter runge systems such as the $5-N-0 and $S-N-18
Maods 1and 3 would have been designed with this capability. We belicve
that the recatry system sould prescnt snother source of problems thut the
Sovicts would have o consider belure using their SLB NS in an unconven-
tional manner, such as reduced-flight-time trajectories

\We believe that the Sovicts peeceive their geeatest risk in implementing an
attack wsing a reduced-Night-time profile 10 be the positivaing of large
numbers of SSBNs within suitable range of the targets without detection.
I derected. not only would the Soviet SSBNs be vulnerable to attack. bu
detection would provide tne for the dispersal of alert strategic aireratt.
Thus, thévery purpose for an attack using reduced -flight-times against this
class of time-urgent targets would fuil

The Sovicts undoubtedly have evitluated the coneept ol flving reduced-
flight-time profiles against time-urgent targets. We do not belicve, how-
cver. that curreat Soviet philosophy For using their SSBN foree includes
such a role, und indeed. we da not believe that the Soviets have that
capability. Wiife we believe the Soviets would strike strutegic wireraft
bases and commuand. control, and communications facilities rapidly in
nuclear conflict. we do nat believe they are equipping their SLBM (o ¢
with the capability to attack these Girgets using trajectorics ather than
conventional oncs. In attacking these targets, we believe the Soviets might
move i few SSBNs cluser to the Enited States and My standaed trajector-
tes. The flight tdme will be reduced by simply ving a shorter range o tar-
get.. !




