




























anay of IOnlln. electt'OClea, and a flat "blanket" of insulator that sits above everything else. This 
concept ia lIlu.trated in the followin, figure: 
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In chi. layout. the .. nlln, ol"",odel do not carry currcntj they are hiah impedance and 
only IOrv, I() map the local voltl,e. Wilh the layout Ihown there il .ufncientlnfonnation In the 
pillern (or the IYIICI11 tu be able en dctcmllne the dbtance to the bottom. the lilt (If any) of (he 
electrode amy. nnd the nearby prc.cnec ur lumpII of non-conductor. or conducton. 

Thi. dla,r.ml are munt to be Ichematlc; I reaUldc .y.tem will have to balance the 
delilnlbllhy or ol"'ltuue. Rnd inltuhU"fII with (he difficulty of dl'lll,ini complex IYltem 
through the water. A vel')' Ilmplc IYlteftl be cllrrled by I linlle diver. but itl ranae is 
(undumentally IImiled by the ICparatlon u( the cleelrodeli; In &&ddltion. the diver must not be too 

10 lht lIYltem tellt II dete.;t him. 

BJ. Dlrlelld IR CoUnllrmlalUr" 

We (ound thllt we were able to devote only limited time to the ililue of Directed IR 
countermea.ure •. Thill Nil in pin beeaulC the Illue Is hltae and complex. and we did not have 
the time or ruourcel I" (.mllll1l'l7.e ULlrlleh'". with the entire problem. We found, for example, 
Ihlll ,OI11C u( the "Jel" thllt we up wllh were under development. we shall 
In Ihlll IIe"I"n alve only" few to ."c:cIOc DIRCM 1.luel. Theile are RF 
dcrenlle, II,.blllzed opticli •• IR power IUl1pllel. 

(I) HI" tJdfnn. 
11uoujh unrelated 10 l1SS0C, we Icorned thol lome of the SAM, tho I we wlllh 

to defend """Inlll muy be vulnerable 10 cerlaln Iypel of RF pullell. Thb Ihould be explored 
furlher 10 lee If there II II pm.lble Jefe,,,,c Ihut could be developed ullna pn RP jleneralor. For 
funller I"fonnallon 011 Ihlll blillC we USSOC cmllnCI Ihe following people: 

J krhen W. I Icud. Col, OS. I)ircclor 
Ilt-r,anrll<"nl of Ih( Anny 

I h:ud"uarlcrll. U.S. Army LuhofillOty Command 



also 
2800 Powder Mill Rd, Adelphi, Md 20783-1145 

Donald J. Sullivan & Gary R. Hess 
Mission Research C.orp 

1720 Randolph Road, S.E. 
Albuquerque, New Mexico 87106 

(50S) 768-7600 

(2) StabJllzed optic. 
We learned from Capt. Rich Snyder (Air Force LoatldC:1 Command Combat Talon 

PrOlfam) that laser OIRCM systems have diffICulty pointin, because of aircraft Ihakinl. The 
"standard" solution to this problem is to put the opdcs on a stabilized platfonn, but this solution 
is heavy, or can require considerable power. There is an alternative approach called "stabilized 
optics" in which just one optical element is stabilized. This can be done electronically. or (more 
elegantly) with an inenially-supported optical element. The stabilized optics could be attached to 
the end of the laser weapon. The emerging beam would then not reflect the jitter or shaking of 
the aircraft. If the pointing and tracking is optical and done through the same optical system, 
then the stabilization will work for it as well. 

A diagram illustrating inertially-stabiJi2.ed optics is shown below: 

'A 
-. -~ , .- ff: 

~/. 

... V .... 

Stabilized platfonn; 
horizontal ray hits 
center of detector. 

No stabilization; 
horizontal ray misses 
detector. 

One optical element 
inenially stabilized. 
Horizontal ray hits 
center of'detector. 

These dialraml illustrate the incoming light hitting the detector. The same optics would stabilize 
a ISler beam mavin, out from the detecwr region. 

A~ far ali we know, the only company developing stabilized optics is Schwem 
Technologies in Pleasant Hill California. w~ spoke to the president, Jan Alvarez, telephone 
(415) 93~·1226. They have developed stabilized optics for pointina lasen and for imaging. 
Their optics are inertially stabilized, with some electrornaanetic coupling for low frequencies to 
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allow scanninl. (Completely stabilized optics would always point to the same place on the skyl) 
They ex~ssed interest in the DIRCM problem. 

Stabilized optics have many other applications beside DIRCM, and it is wonh mentioning 
those here. In panicuJar, for IFF (Identify Friend or Foe) it is sometimes necessary to obtain 
visual confinnation. In an airplane, helicopter. moving vehicle, or even on the ground. stabilized 
optics can enonnously increase the effective resolution of optics. In situations where the 
stabilization must be liJht weilht or low power, incnWstabilization is probably best. 

NOTE: One of the authors of thil report have a financial interelt in Schwem InstrUments, 10 he 
did not take pan in the writinl of this secdon or in the decision to inelude it in the repon. 

(3) 1M Power .upplle. 

We were told that certain of our aircraft do not have adequate audliary power supplies to 
operate an IR countenneuures system. We were told that what was n,;eded was 54 kW for 10 
seconds. This is a total energy of only 0.S4 megajoule. 

We suggest that this power can be supplied by " storage battery. Many batteries are 
available. but we will suggest an ordinary Lead-Acid automobile battery since these are familiar, 
well-behaved. and most of us know (from personal experience in trying to stan a balky car) that 
they can be safely drained of their energy in a shon time. A phone-call to a local Firestone 
dealer produced the following numben: their best banery has a "cold cranking capacity" of 850 
Amp. and a reserve of 115 Ampere-hours at 12 vohs. This represents a total Stored energy of 

Energy = (115 A-hr)(3600 sec/hr)(12 volu) 
• S megajoulrs 

This is about 10 times the energy we need. Let us assume that at its full cranking capacity its 
voltage drops to 6V; then it can deliver a power of (6V)(8S0A) • 5.1 kW. 54 kW would require 
11 of these batteries, and they would run for 8 minutes, much greater than the 10 sec 
speCification. Thus they could be used many times without a recharge. 

We cite automobile batteries as proof of concept~ other batteries are cenainly better. What 
is desired ill high energy capacity (lead-acid is relatively poor for thi.) and low internal resistance 
(high crankinl capacity) so the batteries can deliver their power quickly. 

86. Comments on Seal Operations 

We were briefed on Combat Swimmer Operations by CDR Ben Calland (USSOCOM). 
One of the facts we heard i.1I that Navy Seals do not consume nourishment while on a mission. If 
this practice is the result of a research program. or even bJsed on carefully-reasoned medical 
judgement. thell we are not going to dispute it. We fear, 'tlowever, that it b more the ~~ult of 
tradition than eIther of the above. Spon~ medicine physicians have in recent yean ("hanged their 
practice concerning nourishment during vigorous work. It is commonplace to see GatorAidc 
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being consumed in between football plays. We do not know whether a simple sugar liquid such 
as this is ideal. or whether one should take advantage of the more complex and complete nutrition 
available from liquid foods designed for dieters. Cenainly it would not be hard to devise simple 
methods for delivering food dl'ring a mission; one might even be able to adapt the devices that 
were invented to feed astronauts in space. We would urge a moderate and inexpensive 
research program be started to detemune if there is merit in this idea. 

B7. In/lltrationIEx/iltration 

We were briefed on personnel exU'action and delivery systems by Mr. Bob Underwood 
and Ken Oliver of Lockheed. 

SOC would like to extract groups of up to 6 people by an aircraft flying at 2S0 kt at 2S0 ft 
above terrain. The capsule or hamess might weigh 3000-6000 lbs. fully loaded. 

The Fulton Skyhook system is a reasonable basis for such a capability, since the aircraft 
exist and have adequate space' and load capacity. Questions remain as to the optimization of 
strUcture and fabrication of the capsule, whether it is delivered and occupied in the hour before 
extraction or whether it is pre-emplaced and hidden, etc. We rehearse the basics of the Fulton 
Skyhook to provide a basis for funher comment and suggestion. 

The individual to be extracted may find a clearin, with 100 ft di~tance upwind to an 
obstacle less than 100 ft high. He or ahe then inflates a balloon that suspends the extraction line 
attaChed to the harnell, with the balloon floating somewhat above the extraCtion flight path. The 
C-130 ,rabs the line below the balloon, hy means of a V-like probe projecting ahead of the 
aircraft nOle; the .lack line drapel back under the aircraft, whence it i. scooped manually to 
attaCh to a winch inside the aircraft. 

Straight and level flight of the aircraft would lift the individual .urpri.injly gently and 
(initially) vertically. It IS wonh !'Cstating the simplcst case. Begin with a non-stretchable line of 
lenath L buoyed vertically by a helium-filled balloon. An aircraft at ahitude L above the terrain 
and moving at velocity V is aslumed to inag the line. LookinS at the action (rom the reference 
frame movin, with the aircraft, the motion of the load il that which would enlue from a body 
movin, aft at velocity V. luddenly attachin, to the boltom end of the line hanain, from the 
aircraft. 

For small V. in the (unrealistic) absence of air dra, and lift. the load would move al a 
pendulum .- first aft. then swinging down through venical. then forward. etc. But for "high" 
velocity V. the load would swing aft. through the horizontal, up through the vertical, forward 
and down -- in a circular arc of almost constant speed. More quantitatively, there is a 
characteristic speed detennined by the accelerlltio~ due to gravity g and the line length. such that 
v2 = 2gL. where v is the V which will just carry the load to the horizontal. 

For L~230 fl, and for g=32.2 ftlr.2, v = 127 ftls or 7~ knotli. For the interesting case of 
V.2~O kt (422.~ fps), the load could swing to the top of the arc and retain a (forward) speed 
with re~pect to the aircraft of 226 kt (382 fps). The nearly constant speed along the circular arc 
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allow. one to approximate the O·force. actin, on the load. The centripetal force .upplied by the 
line la v2/L or 22,. To thi.la added initially the I·, pavhy load thaI mUll also be provided by 
the venicalline. Note that at current parameters of 130 KIAS and L-SOO ft, the g-Ioad is 1 +3 or 
about 4 g, with a line that doel not Itretch at all. Normalg-Ioacb for personnel recovery have 
avera,ed on the order of 6,. with lome aa hiah a. 10 g. perhapi becaule of delay in applying 
load to the line. 

Quite aeneraJly, jf the initial g-Ioad on a non-stretchinaline is G (including the one-g of 
gravity). the line ten.ion when the load haa swung to the horizontal is 0-3, and when the line has 
Iwunl to the top i. 0-6 times the mas. of the load times the acceleration of gravity. 

The Fulton Skyhook system is credited with "a near-venical trajectory for the first 100 
feet of pickup ... " How does this come about? First a strictly numerical example. For a SOO-ft 
line at 130 kt, the time to coast up the arc to l00-ft altitude is about 1.5 s. 

In this time, the aircraft has moved forward at 220 fps a distance of 323 ft, while the 
load hal swung 323 ft along the arc. The net horizontal motion of t'1e load is 300 ft back i~ the 
aircraft frame of reference, hence 323·300 or 23 ft forward altogether. 

If aircraft and load were sufficiently sturdy, the 2S0-ft/250-kt case would require 0.55 s 
to have the load rise to 100 ft. moving 232 feet along the circular arc and 200 ft horizontally in 
the frame of the aircraft. The net forward motion at 100 ft altitude would be 232-200 or some 32 
feet, all assuming no air drag on the load to that point. In fact, the load at 100 ft altitude would 
be moving with a vertical component of velocity of 338 fps and a horizontal component of 169 
fps. 

The Fulton sky-hook system provides a truly remarkable capability. The challenge is to 
perfect a practical system of mitigating the g-Ioad to about 8 g, under 250-ft/250-kt conditions. 
Imagine a line that truly limits g-load w 8; the acceleration of the load of mass m is a=F/m for F < 
8gm and is then limited to 8 g by extension of the liraC'. We later discuss several approaches to 
such g limitation. The vertical line immediately develops g-g pull. with initial venical 
acceleration of the load. The line extends to maintain constant tension at 8-g as the aircraft 
proceed. on its path. After 0.1 s, for instance, the venical vC'locity is approximately 22 fps, and 
Vh is only about 2 fps. During tile next 0.1 s, the venical velocity reaches about 44 fps and the 
horizontal about 8 fps. As the aircraft proceeds at 422 fps, the line becomes more nearly 
horizontal, .0 that after 0.4 s the aircraft has travelled 169 ft, the load has been lifted some 17 
feet and moved horizontally about 4 feel. But after 1.05 s, the line is just 22 degrees below the 
horizontal, the load has cleared the lOO-ft obstacle and is accelerating horizontally at 7.2 s. and 
has a venical rate of rise of 160 fps. 

The characteristic benefit of the Fulton sky-hook system has not been lost. since the 100-
ft obstacle-clearance distance has been extended only to 64 ft from the load stan point. 

We calculated the trajectory of the 250·ft/250-kt case for a no-stretch line. The g-load is 
clearly unacceptable at a prett)' constant 23 g. The load clears a lOO·ft obstacle in 0.56 s with 33 
ft of horizontal motion. A calculation for an "8-g" extensible line case. with the lOO-ft obstacle 
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cle~d in 1.05 5, with 64 ft of horizontal motion shows the line load falls suddenly from 8 g to 
1.56 g at 2.10 S, at which time the 250-ft line is 512 ft long. 

We have considered 5 options for the "stretchy line:" 
(1) appropriate nylon-like material tailored to the job (105% stretch) 
(2) a panially doubled inextensible line, with a friction clamp joining the two lines 
(3)providing constant-tension slack through an appropriate drag chute 
(4) a tucked line with individual loops of inextensible line of strength greater than 8 g 
doubled by shorter snap lines of strength equal to 8 g 
(5) a facility in the aircraft set to limit line load by paying out line. 

We have no great knowledge of the availability of adequate mountaineering ropes, etc, 
so we make no funher comment on the first possibility. even though it is the one used in the 
Fulton sky-hook system. The second approach presents a difficulty in heating of the friction 
clamp (through friction!) because of the 30 megajoules of dissipation required to bring a 3-ton 
load to aircraft velocity. This would heat to the boiling point some 100 kg of water, so it is a 
substantial problem to reckon with. The dr~g-chute approach avoids this problem -- heating free 
air imperceptibly -- but seems an unnecessary operational complication. 

The tucked line would appear to transfer the shock energy preny much unifonnly along 
the load-bearing line. The following diagram illustrates the concept: 

unstretched stretched 

woven 
outer -~ 
rope 

clamps ~ 

breakable 
~core 
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The idea is that the core would snap, allowing the rope to lengthen, whenever the tension 
exceeded the design value To. The unbreakable outer section would lengthen by a prescribed 
amount and then lengthen no more. (A woven rope could easily be designed to do this; the fibers 
don't stretch, but they pull into a more linear configuration.) As long as there were sections of 
the breakable core left, the tension in the rope would never exceed To· 

The dynamics of snapping are not clear. With extension ratio of 2 to I, it would appear 
to have a mass about 50% greater than that of a nonnal line capable of safely holding 8 g -- a 
penalty we would willingly pay. We were told that just such a line is used by mountaineers on 
glaciers, so there may be experience among the rope designers. It remains to be seen how the 
line design ensures against unzipping and how the 30 megajoules is safely accommodated in 
strain energy of the line. We must assure that a wave of snapping does not proceed down the 
line even when the average tension is less than To. 

It seems that an aircraft disk brake attached to the winch as a clutch, and with access to 
260 ft of slack line in the C-130 would be an adequately engineered and reliable way to limit the 
load and handle the dissipation in bringing the load up to aircraft speed. But if the tucked line 
were satisfactory. it would be a simpler and cheaper solution. 

We urge that attention be paid to an automatic method of transferring the buoyed line 
from nose-catcher to winch line at the rear of the aircraft. The key point is to use a winch in the 
aircraft equipped with a clutch similar to (and probably made from) the brake of an aircraft 
landing gear, combined with an overrunning clutch. The capstan drum is connected to the 
aircraft frame by means of this clutch. so that the line can payout at a preset load, taken here for 
example as 8-g. The winch itself would be clutched in after the line payout ceased. just as a rod­
and-reel fisherman may begin to reel in only after playing the fish with the brake. In panicular. 
the power of the winch need only be enough to reel in the line at modest tension. 

For instance. if the maneuver pays out enough line so that the load stabiHzes in trail 
behind the aircraft. the winch need only pull the air drag of the load. In the 250 ktl250 ft example 
shown with an 8 g line. the winch must handle a force equal to 1.56 times the weight of the load. 
For a load of 3000 lb and a total line length of 550 ft. if one needs to reel in a tension of 5000 lbs 
for 550 ft in one minute. this is about 85 hp. 

In the analysis that has preceded. we have not included air drag at all. but have included 
the small effect of the I g gravity field. Air drag is imponant. in order to keep the load from 
climbing the arc behind the aircraft. and to stabilize its motion. We could add in this analysis any 
isotropic air drag (the equivalent of a balloon or set of vanes. or COUld add a ram-air inflated 
combined lift and drag device. which seems the way to go. We leave this for future calcuiations. 
and for people more experienced in this 

Nevenheless. it seems entirely feasible to perform the extraction from an aircraft in level 
flight at 250 kt. flying 250 ft above terrain. while subjecting the load to a maximum of 8-g. and 
without requiring significant new technology. The key is a simple clutch that pays out line at 8 g 
until the required tension falls below that level. 

One may do even better by taking advantage of the maximum g tolerance for humans. 
The data was provided by Jim Brinkly Division Chief AAMRL. Armstrong Aerospace Medical 
Research Lab Wright Patterson AFB; phone (513) 255-3603.2: 
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Acceleration in direction parallel to spine: 12·14 g's for <1 % chance of injury. 
Acceleration in direction perpendicular to spine: 30·3S g's for <1 % chance of injury. 
Acceleration in direction perpendicular to spine: 46 g's give 50% chance of injury 

The high g loads in these data undoubtedly take advantage of special "g suits" that minimize 
relative accelerations between pans of the body. According to Brinkley the maximum g loads for 
acceleration perpendicular to the spine. 12 to 14 g's, are true for both the "eyes up" and "eyes 
down" cases. 

Thus with suitable packaging. humans can take considerably higher accelerations than the 
8 g's that is now standard. It appears that in designing pods for future infil and exfil. that good 
advantage can be taken of these higher numbers. 

Finally. for dead drops from h feet onto an airbag or other device providing constant 
deceleration in height d ft, the resultant body g's are hid. One might carry an airbag to cushion 
the faJI-- a 35-g cushion for a 250-ft fall would be 250/35 ... 7 ft deep. But 250 kt corresponds to 
some 2700 ft of fall. so in any case a drag chute would be needed to cut the forward speed in 
order to allow the air cushion or shock absorber to work. The shock absorber might be 
configured as a set of crushable foam stacks. or water-filled cylinders from which the water 
squins through a check valve. 
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