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FQREWORD

This paper is the result of a recsnt suggestion by Dale Oyster
regarding the use of ballistic missiles with non-muclear warheads to
attack parked aircraft at ranges on the order of 1500 n mi. It is
thought that information of possible use to Project Forecast may be
contained herein, and the distribution is limited accoxdingly.



SUMMARY

A drief loock iz taken at the potential use of non-nuclear nissile
warheads at IRBM ranges against parked aircraft. It is found that no
existing missile-warhead combinations would be adequate in this role.
With the attainment of CEP's on the order of 1500 ft, however, a num=-
ber of systems appear marginally feasible. The most desiradble combina-
tion of components is left undetermined in view of the rough nature of
the present calculations.



I. INTRODUCTION

During the past decade the question of using ICBM's and IRBM's with
non-nuclear warheads has been posed many times and in most cases has
been discarded. This peaper presents the remilts of yet ancther loock at
this subject with the restriction that these weapons are to be 'used
only against parked aircraft. IRBM ranges on the order of 1500 n mi
maximum are of interest.

The very real problem of how the enemy can establish that the in-
coming warheads ere non-nuclear and thus restrain themselves from
launching & nuclear counter-strike is not discussed.

The material presented represents four man-days of effort, and thus

is an "order-of-magnitude” type of analysis.

ASSUMPTIONS

Ve arbitrarily assume square airfield targets with aircraft parked
at random points within the area. It is presumed that the overall pat-
tern produced by the missile warhead is circular and that the center of
this pattern impacts the ground with circular errors relative to the cen~-

ter of the airfield.
The state-of-the-IREM-missile-delivery-art is asserted to be as

follows: Delivery errors of contemporary nissiles (like Thor or Jupi-
ter) et 1500 mile renges are of the order of 6000 ft (CEP). Errors as-
sociated with advanced missiles (the proposed MMREM or Minutemen used in
the IRBM role) are about 1500 ft. Six hundred ft errors are speculated
to be ultimately possible, The effectiveness paycff given each of
these error assumptions then becomes a prime topic for further exami-

nation.

WARHEAL CALCULATIQINS

Two types of werheads will be considered. The first cortains a
large quantity of BlLU-3B anti-material bomblets, currently a U3AF in-
ventory item with the normal delivery mode being low-altitude fighter




bombers (Ref. 1). The bomblets weighing 1.73 lbs each are impect fuzed,
disperse 255 1/4" steel balls at 4000 fps, and have an effective radius
against aircraft of about 25 ft. This wvarhead is thought to be near-
optimum for unprotected aircreft parked in the open.

The other variety of warhead contains Hail (or Lazy Dog Missilss),
each weighing about 350 grains (Ref. 2). These missiles impact the
ground with terminal velocities on the order of 900-1100 fps, suffi-
cient to cause considerable damage to engine blocks, gas tanks and other
vulnerable components, and in sddition are thought to be capsble of de-
feating (with ease) rough netting and thin armor protection associated
with ravetments. In either case, the submissiles or Hail are dis- .
pensed from the unitary reentry body high in the atmosphere, but after
reentry has been accomplished.

Required pattern areas to attack various target sizes can be cal-
culated by Nomogram I of AFM-200-5 (Ref. 3). Results are contained in
Pigs. 1 and 2 for 9% percent and 50 percent fractional coversges, re-
apectively, for the CEP's under consideration.

Ve compute the number of required BLU-3B bomblets by equation (1),
vhere PK is the average damage level within the pattern area and % is
the pattern area from Figs. 1 and 2.

2 n 2

PK-l-(l-EZ) R - (1)
e

P

Results are tadulated in terms of bomblet quantities in Tadble 1. The
"reasonable" combinations are retadbulated in Table 2 in terms of wvar
heed weight (80 percent payloads are assumed), and oversll damage prob-
ability, A significant conclusion immediately apparent is that CEP's
of 1500 ft are guite necessary for reascnableness; none of the 3000 -
6000 ft CEP cambinations are adequate. It is also clear from Figs. 1
and 2 that 600 ft CEP's provide no improvement over 1500 ft CEP's for
6000x6000 £t targets.
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Table 1

REGUIRED NUMBER QOF BLJ-3B BOMBLETS

i.f;é {—if%m"" PE5 Covbrage 54 %vfmm-mfﬁ“t*mﬁ {chorae] % ?kg

1,50 6,000 1 _599-}.-15 000 .112‘10,,;w_§19°‘9.. 1,500 6,000 1,500 mlil 6,000

15,850 (176,000 2,h50 !31,650 8,170 | 90,800 | 1,267(16,300| 3,050 3,&oo| h7336,090

6ooo 26,400 201,000 | 9,500 35,200 £9,000 103,500 | 4,690 18,100 10,83 1,825 | 6,710

10000 }19,700 (307,000 |20,6%0 152,800 61,600 158,000 0,620 |27,200 (23,000 000 13,975 10,180
Tuble 2

"RRASONABLE" BLU -3B WARHEAD COMBINATIONS (CEP = 1500)

Number Bomblets Area of Cov.ngo Overall Damage
(£2) Ar:n?ttz) Wcight (lhs) Probability
2,460 7 x 106 4 x 10° 5,450 .25
1,267 7 x 108 4 x 10° 2,800 .125
713 7 x 100 4 x 106 1,0%0 .0625
3,050 4.5 x 107 b x 10° 6,70 119
1,825 2.7 x 107 3.6 x 107 k,0%0 .0625

The corresponding wverhead weights for HAIL are estimated as follows
(assuming 50 ft of the aircraft are vulnerable to 350 grain fragments impec-
ting at 300-1100 fps), using equation (2):

Py

A
= 1l-e T

(2)

where N is the number of missiles and &r is the vulnerable area of

the target.



~.,000 2.2 x 1 7.92x| 3.7h x| 1.38 x| 1.1% x|4,06 x| 1.92 x| 7.12 x | k.27 x 1.52 x{7.19 x|2.66 x
106 106 10 | 100 | 106 | 106 | 105 | 105 107 | 105 | 1p* | w°

10,000 .71 x 1.20 x | 8.15 x| 2.21 2,42 x16.18 x| 4,19 x| 1.4 x | 9.08 x 2.32 x{1.57 x|%.25 x
10° 07 10° | 10° | 1% | 106 | 15 | 106 10° I 10° | 05 | 100




structural and dispersal efficiencies) are tabulated in Table 4 along
with overall damage probabilities for three targets (A,r = 50 ft°,

e

Again, "reasonable" warhead weights (assuming 70 per cent

150 £t° and 250 £t°).
reagonable designs; also, as in the previous case, it turms out to

be unprofitable to design for 10,000 x 10,000 ft airfields. Airfields

Consistantly, only the 1500 CEP parameter yields

2

6000 x 6000 ft require marginally large varheads (considering the
roughness of the present calculations).

Table &
"REASONABLE" HAIL WARHEAD COMBINATIONS (CEP = 1500 FT)

Area of | Target | Wwarhead Onn.uzm ProbabIIity s
Number | Coverege Area We 2
HATL | (£%2) | (£t2) Qﬁ“ Ap0 £ | Ap130 117 ] Ap230 1T
9.7x |7x10° | bx |6,9% .25 439 48k
10" 108
4.9 x |7x10° | hx | 3,50 125 .328 1k
4 6
10
1.87x |7 x mF b x 1,380 L0625 165 .2L3
210" 108
.1 x 2’77" 3.6 x | 5,130 0625 | .168 .243
10° | 10 7
| 10
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MISSILE DELIVERY CONSIDERATIONS

As damonstrated in the previous sections, a 1%00 ft CEP is all-
important for 6000 x 6000 ft targets if non-nuclear warheads are to
be used on ballistic missiles against airfields. larger CEP's 4o not
do the job and smaller CEP's provides no improvement. At the present
time there are no existing IRKEM systems that can provids the needed
delivery accuracies at their design ranges. Only Thor and Jupiter
can dsliver warheads as large as 1600 1b. These might be considered
marginally feasible to attack 2000 x 2000 ft targets if the necessary
accuracy (1500 ft CEP) were provided.

However, realistic airfield targets are 6000 x 6000 ft and larger.
Approximately ten modified Thor's would be required to achieve reason-
able damage probabilities against such targets.

Refersnce 4 provides the following CEP data for current and future
ballistic minsile systems.

Teble 5

PRESENT MISSILE ACCURACIES

iHesile CEP (Y] Fange (n wl)
Thox T100 1500
Jupiter 4800 1500
Atlas 8400 5500
Titan I L8oo 5500
Titan II 6000 6500 (1)
Minuteman

(Advanced) 00 3500 (1)

These data indicats that the guidance system going into the Advanced
Minuteman is probably capable of providing CEP's of 1500 ft at 1500

n mi. Therefore, delivery of non-nuclear ordnance against soft air-
fleld targets appears marginally feasible within the limits previcusly
gpecified, The guidance system called out for the MMREM system appears
to be of the same accuragy and also may be acceptable.



Table VI indicates the approximate size two-stage missiles
needed to deliver various useful‘ loads.

Teble 6

USEFUL® LOAD CAPABILITIES OF CURRENT MISSILRY
Useful Load (1b) Cross Weight (1b)

1500 12,500

2000 17,240

3000 25,920

5000 k2,950

T500 64, T000

Isp' 290 ( vacuum)

Ap (1st stage) = .90
p (2nd utaga) = .92
Irpulsive velocity = 17,000 f£t/sec

Two stagas of Minuteman weigh in at 59,900 1b; it is conceivable
that it might therefore be the best choice, all things considsred,
for attacking 6000 x 6000 ft targets. A mors elaborate cost-effective-
ness analysis than that performed here would be required to decide
betveen a modified Minutemsn snd 10 modified Thors.

Finally, Ted Garber of RAND states that with radio-inertial
techniques, CEP's of the ordsr of mmdreds of feet are achievable.
It {s clear that 1f the targets of the present paper (3-6000 x 3-6000 ft)
are considered, such & guidance development would provide no improvement

over 1500 ft CEP guldance, thought to be already

at hand.

*Useful load defined as all items forward of the second motor stage.



CONCLUSIONS

0 It is not practical to consider airfield bombardment with non-
nuclear ordnance using aveilable ballistic missile designs. CEP and
load-carrying capabilities are both unacceptable.

0 The addition of advanced guidence techniques to either Thor or
Jupiter would seem to make these systems marginally feasible to attack
parked aircraft targets at IRBM ranges.

o The use of two Minuteman stages mated to a large warhead {L00O-
5200 1b) would be competitive with the above. Rither approach would
constitute a major development and would dictate further analysis to
decide whether a new IRBM with adequate accuracy and load-carrying
capability might be preferable.

o The use of warheads containing BLU-3B bomblets as submissiles
appears near-optimum for attacking aircraft parked in the open. The
use of werhesds containing HAIL (Lazy Dog) appears more dssirable for
attacking aircraft perked in lightly protected revetments.

0 There is little or no potential payoff for the achievement of
600 £t CEP's (as opposed to 1500 ft) when targets of 3000 x 3000 ft
or larger are considered. The development of radio-inertial guidance
techniques for the atteck of airfield targets would appear to be

unwvarranted,





