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ABSTRACT 

At the request of the Chief of Naval Operations, a short-term, in-

house Navy Study was ma.de to identify the courses of action that can be 

taken to improve canbat search a.nd rescue capabilities within the next 

2 to 3 yea.rs. Significa.nt conclusions are presented regarding im:prove­

.menta in aircrart · and perso·aa.l equipnent, as well as requirements tor 

the canbat SAR mission. 
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~'YNOPSIS 

t 

• 
Concern over the recovery of aircrewmen in SEAsia resulted in the 

Director of Defense Re:1earch and Engineering requesting the Navy a.nl 
Air Force to undertake a coordinated study of means to improve combat 

SAR capabilities in the next 2 to 3 years. The Chie:t •OJ Naval 

Operations, therefore, directed th&t a short-term, in-house Navy study 
. 

be made to identity courses of action that will accomplish this objec-

tive. 

Data on the following incidents are analyzed to determine wat 

factors made reacuea success!'u.l or unsucceas!'u.l: 

a. Navy losses of carrier based -aircraft in Southeast Asia from 

l April 1966 through 31 March 1967. 

b. Air Force tactical aircraft losses in Southeast Asia from 

l July 1966 through 31 March 1967. 

c. Marine tactical aircra1't losses outs i de of South Vietnam 

from l April 1966 through 31 March 1967. 

Significant findings in the data are: 

• The over-land recovery rate was poor, Only 9 percent of the Navy 
pe:i·sonnel down over land during the day were recovered, and 
none at night. 

• Seventy percent of personnel subsequently captured ejected 
within 5 miles of where hit and 100 percent ejected within 3 

minutes of when hit. S ~T 
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e Fi.fly p~1·'-·~nt. ,) r Llie POW ' s , fq r \·:}·, lr.t (''.iptur e time:~ ar0! 
k nu\m , ·":c 1·· ~ "apLurc<l wit.hi n 5 minute:.; J i' l'.rnJj nr; 0 n the r, r rJund . 

.... e f ,) l' :Jpposed res cue incid~nts where . suppressi ve fire was 
reported, the r(~covery rate s l-l'Cre twice tho.t where na suppre s ­
sive fire wo.s r ep.)rted . 

• In opposed ar•~u. ~; ·.-1he rc t he gcncro.l l oc nticm o f a dO\·:ned pilot 
wns known, the_ r escue vehicle spent n.n nverae:e of 9 minutes 
localizing before pickup could be attempted. 

• The primary cause of aircraft loss was fire. Ninety percent 
of the POW's ejected due to fire, the other 10 percent for 
unknown causes. 

Major findings in ot'.1er areas of the study are: 

• In order to make a significant reduction in time late tilld gain 
a worthwhile improvement in enroute survivability, a SAR vehicle 
speed of at least 200 knots is required. 

• SAR aircraft operating in conjunction with the Air Strike Group 
afford the greatest probability of rescue. 

e Survival. radios, subminiature TACAN beacons, ADF-locators, and 
air-to-ground markers offer near-term .~rovements in detection 
and location. 

• In h0ver pickups, rapid deployment of rescue seats and increased 
hoist speeds are required, 

Conclusions of the stuay are as follows: 

• 'nle area of the SAR process that offers the greatest potential 
for improvement, and that can be improved in the shortest time, 
is the detection and localization of the downed aircrewman. 

• Two aircraft designs, the tilt wing (CL-84) and compound heli­
copter (AH-:'6), meet minimum mission requirements for combat SAR. 

• The CL-84 offcr:J the grea.test combat rescue flexibility and 
potential. 

• Vulnerability to enertzy" defenses severely limits the capabilities 
of current SAR vehicles. 

• Air snatch is the only fea.sible means of rescue in heavily de­
fended e.reas, 
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COMB/\T Sf\R STUDY 

I NT RODllt:TION 

Combat search and resc ue (SAR) mi ssions are the most important 

missions undertaken in support of combat air operations in Southeast 

Asia (SF.Asia). The effect on the morale of pilots and aircrewmen of 

having a :.:eliable, aggressive SAR capability in a limited war environ-

ment cannot be quantified. However, the potential savings of valuable 

military resources (such as combat-experienced air crews) and the 

deprivation of intelligence sources falling into enemy hands are suf­

ficently i.mportant reasCX'ls for maintaining and improving the SAR 

posture. 

' Concern over the recovery of aircrewmen in an increasingly hostile 
f 

environment resulted in a memorandum from the Direc:t.or of Defense Research 

and Engin~ering to the Assistant Secretar ies of the Navy and Air Force 

(R&D). Thia memorandum, dated 20 March 19$7, requested that the Navy and - . 
Air Force underta.ke a coordinated study t o effect near-term imprcvements 

that can be made in the entire SAR operation. Accordingly, the Chief 

of tlaval Operat ions directed that a shor t- t erm, i n-house Navy study be 

ma.de, the objective being to identify the courses of action that can be 

take n t o improve combat search and rescue capabilities within the next 2 

* or 3 years. 1~e CNO memorandum specifically set forth the following 

tasks: 

1. Mission/Threat Analysis - Collate and analyze data from SF.Asia 

SAR operations to determine t he crit ical or controlling factors that made 

* CNO Memorandum Op-966D/bl, Ser 093P96, 5 April 1967. 
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rescues successful or unsuccess ful. De fi ne t he threat to be encountered 

by t he SAR vehicle • 

•• 2. Vehicle Analysis - Identify the important system characteristics 

that will determine the SAR vehicle requirement. 

3. Personnel Survival _ ~nd Rescue Equipnent Analysis - Identify 

those personnel equipnents that will enhance successful survival and 

rescue. 

4. Systems Ava.ilability/E ~~f'ectiveness - Evaluate the vehicles and 

equiJ:lnents that can be made available in the specified time frame as to 

the~r ability to meet the requirements developed fran steps 2 &nd 3 above. 

5. Cost Analysis - Define P.&D implications and costs f'or any of' 

the courses of' action defined by the study. 

6. Tactics - Consider improvements in tactics and procedures &a 

well aa equipnent. 
'' 

In accanplishing these tasks, the study was organized into seven 

major areas each discussed in detail as an ij;pendix to the basic report: 

1. Appendix A - Operations and Tactics 

2. Appendix B - SF.Asia SAR Data An&lysiD 

1. Appendix C SAR Pt.riauw::tric Analysis 

4. Appendix D - Limited War fare Environment 

5. Appendix E - Aircraft Survivability 

6. Appendix F - Aircraft Analysis 

7. Appendix G - 3earch and Rescue EquiJ:lnent 

Search and. rescue incidents addressed in the study are primarily those 
. 

aircra~ loss incidents resulting from act i on over hostile territory, either 

2 
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cstnblishing mission r e <;uircrncnts , !forth ViP.tnnm (INJJ) is the _primary 

.... 
scen~rio consider ed in the study . Principal conclus ions and the rationale 

identif'ying potential improvements in the combat SAR mission are discussed 

in the foHowing paragraphs. __ --

BACKGROUND 

Canmanders of Naval task forces are charged with the primary respt')n-

sibility for canbat SAR operations for aircra:ft of the force. Ship-based 
I 

aircre.:ft and search and rescue forces further support the canbat SAf\ net- .. 

work in the area.. Presently in SEAsia, Caimander Seventh Air Force bas 

been e.ssigned primary SAR resp<Xl.Sibility with the Search and Rescue Center, 

Saigon, exercising control and coordinatiai of SAR efforts. 

Camnander Task Force Tl presently deploys in the Gulf o~ Tonkin four 

SAR destroyers in two nhip elements. The southern SAR destroyer element 

maintains a UH-2 helicopter on dee~ alert principal.ly for over-water 

rescues. The primary canbat SAR vehicle is an armed SH-3A on airborne 

alert duril"IG daylight houra in the vicinity of the Northern SAR destroyers. 

Reocue Canbat Air Pntrol (REDCAP ) are attack aircra:ft, most frequently A-l's, 

operating fran Yonke~ Team (TF-77) attack carriers. SH-3A SAR helicopters 

are based on a cv.i, or in its absence, on a Yankee Team CVA. 

At present, Uavy Canbat SAR operations are concentrated in the 

coastal areao and in the Gulf of Tonkin. Thia stems fran the large 

percentage of strike miaoions and predaninance of targets in the coasta.J. 

route packages. Aloe, probability of rescue is much higher for the pilot 

who can make it to sea before ejecting fran a damaged aircra:ft. The 

4illt~ 3 



heavily populated and defended coastal regions are not easily penetrated 

by present SAR forcec. To survive in a. heavy antia.:1.rcra.f't artillery (AAA) 

and sur,tace-to-air missile (SAM) environment, the canbat SAR vehicles must 

characterize attack aircraf't in speeci. and survivability. 

UH-2 and SH-3A rescue helicopters are vulnerable to ground fire 

Slld SAMs such that operational CO?mnanders have established limiting 

criteria for SAR efforts. In general, the RESCAP must have the downed 

crewman in si~t or maintain co:ritact "odth him through communications 

before the helicopter is commi'.;ted to the effort. The normal procedure 

is to leave the wingman orbiting the SAR area and have only one RESCAP 

aircra~ return to pick up the helicopter and escort it inland to the 

rescuee. Vehicle vulnerability necessitating such tactics weighs heavily 

upon time late at the rescue scene. 

f.AR force radius of action is la.rgely governed by the unref'ueled 

range of 'the SH-3A, operating at virtually maximum power during mos( of 

the res~e attempts. Although most INN rescue incidents occur withfn 50 

miles of the coast, the route in is often circuitous to avoid the coastal 

band of ground defense. Distances from SAR station to penetration points 

and from carrier to SAR station, as well as the long airborne alert par-

io<lz, f'urther reduce SAR radius of action. Fuel starvation was the sus-

pcc.:tcd cause of a recent (21 May 1967) lo:Js of an SH-3A on an extended SAR 

mission across INN. 

The low SAR vehicle speeds (approximately 130 kt) for present heli-

copters are not entirely compatible with tactical aircra~ speeds; they 

increase vulnerability and extend exposure time of the downed pilot await-

ing rescue. 
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n ~c.run provirlinr; 

:uppr•' s:; i \'\~ ri n~p0\~\ 'l" , 110.\· i Go. t ionn.J o.ss i st ance , scnr cli, communi cations , and 
.,.. 

on - s c't' l1 l' coo1'<linat iL)n o f th0 !'f'SCU C' . A wi der di spar i t y in speeds of the SAR 

r es cue helicopter and the j e t RF:SCAI ' will be presen t with t he phaseout of 

the A-1 RESCAP in January 15)68. Their future us e fulness will be curtailed 

because of the nhorter on-etation time and reduced search capability caused 

by the high speed of the jet RESCAP. 

Camnunications problems impede the rescue effort. Frequently, sub­

stantial. delays occur in ( 1) determining the location of downed aircrewmen, 

(~.) rendezvousing with ai-scene forces, and (3) coordinating the SAR elements 

because of interfere~ce on guard ch&nnel or the primary rescue net. 

Navigation to and maneuvering in the rescue area is usually done at 

low altitudes - 3,000 to 5,000 feet - to avoid enemy autanatic weapaus and 

37ttim AAA fire. Low ceilings and visibility can now--result in separation of 

SAR vehicles and RESCAP or cancellation of the rescue effort, Res cue cap-

ability does not now exiot at night over ilUld, 

Canbat SAR operations in 8EADia are being caiducted with ASW or utility 

heli copters adapted and r econ·t'igurecl for the canbat mission. SAR aircra!'t 

o.re re l aUvcly olo-w and vulnerable to the extent that operations over de-

fended portionn of iNil arc precarioun. J ncreaseU. antiaircra!'t and SAM 

defensea would further debilitnte tactical ca~abilities of a force employ-

i ng current RAR helicopt~rs. 

• 
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SAH OPERATIONS ANALYSIS 

f.nta f r om SEAsia SA.R opcrationi:: form the basis of an o.no.lysis t o 

detcrmi~ critical and controlling factors that- make rescues success­

:ul . A statistical analysis (appendix B) covers a 1-year reference 

period extending to 1 April 1967. During this period, there were 

228 Air Force and 118 Navy incidents directly resulting from combat. 

Those air combat operations over NVN represent the most difficult SAR 

conditions and are therefore the e.rea of concentration in this 

analysis. 

The quantitative measure of effectiveness for the SAR process is 

defined, for the purposes of this study, as recovery rate, that is, 

the ratio of the number of aircrewmen recovered to the number recoverable, 

where recoverable is the number dovned minus the knovn killed. Such 

a definition, by excluding those killed in the aircraft a.nd essentially 

not recoverable, offers a more precise measure of recovery success. 

Recovery rate as an effectiveness measure -also is conservative, since it 

groups those missing with those who are potentially recoverable. 

Combat rescue success varies appreciably with rescue area. Recovery 

rates in the less hostile regions (South Vietnam, Laos, and Thailand) 

a.re on a par with recoveries over water arena (82i vo 86i). Both 

categories are representative of "safe havens" or more desirable rescue 

locations. NVN by contrast represents a hostile environment affording 

an uvcrall recovery rate of 25 percent. 

An evaluation of all NVN over-land rescues further emph&si~es t~e 
l 

variat i on in rescue success with locale. Recovery rates for the 
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s · 1trl hcrn r oute jUct'.O.[;CG (I and II) vo.ry from )3 t o bli perce nt. In 

t ile densely populuted anu heavily defcnllcd regions a.djacent to Hanoi 
.... 

a.nd Haiphong , very few recoveries a.re performed, a.s indicated by 

recovery rates of 4 t0 6 percent. The latter represents rescue 

situations classed as "untenn.ole". In a great number of such cases, 

rescues were not attempted. SAR aircraft presently are afforded little 

opportW1ity for survival ill environm~.nta challenging a.tta.ck aircraft 

survivability. 

Rescue success in less hostile regions of NVN averages 20 to 

25_percent on the basis of defined recovery rates. The majority of 

rescues in these regions may be categorized as "hostile" - that is, 

with opposition from small arms and light AAA, but outside of heavy ' 

' AAA around major target complexeo. 

The category of "routine" rescue with little opposition again 

applies to ~'aters and regions outside NVN control. In such cases, the 

recovery problem and reported succeos are comparable to oper~tional 

rescues. 

Navy recoveries during the po.ot year were concentrated in the Gulf 

or Tonkin. Location of prlme targeta along the coo.st permits rapid 

access to a relatively oarc or controlled area for rescue. Relatively 

fe 'W Navy rescues were performed over land. Conversely, a large 

percentage of Air Force recoveries t ook place over lo.nd but generally 

in the less hostile regiono to the west of NVN targets. This condition 

of potential rescue areas in relatively clos~ proximity to the target is 

not considered W1ique to SF.Asia but is representative of most limited 

"War far e scencrios . 

.. 

f 
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Prisoners of wur (POW's) represent pilots that an improved SA.R 

sy stcr.i could in many instances pick up. Locations 'Where Navy POW's 

were do'W~d are generally distributed in a narrow- coastal band of 

NVN extending some 30 miles inland and are usually concentrated 

ndjncent to target complexes. This is further verified by the statis-

tical analysis indicating that 75 percent of the Navy POW's 'Were dovned 
I 

within 5 miles of hit. Examination of the 25 Navy incidents resultidg 

in capture indicates heavy nntiaircra~ defenses in 16 cases. The 

coastal plains represent the most highly defended regions and, in turn, 

those with the highest population densities. Populations reach 1,000 
. 

persons per square mile in a number of these regions, further· aggravating 

the rescue problem. 

Navy combat 81\R incidents ana.lyzed as to land/sea and day/night 

conditions further delineate- and define the problet1t•·. rRecovery rates 

established for the 1-year period are listed in table 1. 

TABLE 1. NAVY COMBAT SAR INCIDENTS, N'/N - 1 APRIL 1966 TO 31 MARCH 1967 

Total 
Incidents Recoverable Recovered Recoverl Rate 

Do.y at sea 59 50 46 92i 

Nigr.t at sea 4 3 l 33~ 
fuy over land 34 28 3 11~ 

Night over land 16 13 0 

°" The statistics in table 1 clearly sho'W that the problem is one of a 

poor recovery rate over land (5 percent day/night overall), with a 

further degraded capability due to night conditions. 
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I The need t\J r o. nieht recovery co.po.bil ity is clearly cv ldcnt f'rom 

1.-
tl :c ct:itistic s . Dcspit~ tl 1c ract tho.t t he present SAR aircraft do 

not have s-.. full nic;ht over- l o.nd capability, the re·covery vehicle is not 

I t he limiting factor. More often, it is an inability to detect o.nd 

l ocate . Of 23 recoverable USN a.nd USA.F pilots in nieht SA.R incidents, the 

I vast majority (19) are in the missing category. In only one incident 

I 
where the pilot was missing wa.s there uny sign of survival, and then only 

a possibility of a flare having been seen. Thus, a major problem in 

I night SAR incidents is the lack of knowledge of the actual location and 

the recovery potential of the downed aircrevmen. 

I The lov r ecovery rate for the 34 Navy day over-land incidents dur1Il8 

I 
the 1-year period prompted a careful parametric analysis to ascertain 

problems and areas for potential improvements. The SAR process for 

I purpoeea or analysis is simplified into a sequence of .events a.nd actions 

that are casually connected. A flow chart of the SAR process is 

I developed in appendix c. The follo-wirl8 ill~atration summariaes the 

results of thia an.a.lysis. 
, 
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rlEC OVERA.BI.E 28 

AIERT 26 .. 
&\R A VAIIABil!: 26 

DETECTICJi 13 

SAR mmrnA.'1'!00 8 

AVAIIABI.E P'Cll RESCUE 4 

RECOVERED - 3 

Figure 1. Navy Day OVer-Iand Recoveries, NVN - 1 Apr 1966 to 31 Ml.r l~T· 

or the 34 incidents in which pilots were dovned over NVN, 6 are knovn f 

killed, leav~ 28 recoverable. Alert was not so\Ulded in two cases due 

to the mistaken assessment that the pilot was killed. SAR vehicles e.re 

'.nd1cated to have been available in all instances. Search was' reported 

unsuccessful in 50 percent of the 26 cases. 

or these 13 incidents where the general location of the rescuee we.a 

knovn, the rescue vehicle vae able to penetrate to the scene only 8 times. 

!Xiring the time period from initial search until the rescue vehicle 

arrived, the downed airman "Was captured in four of these eight incidents 

before rescue could be effected. or the four remining incidents vhere 

the rescue vehicle arrived on tle scene and tbe rescuee survived, recovery 

vas unsuccesarul in one incident due to the rescuee's difficulty in 

knoving, without visual sighting, when the helicopter wa.s directly 

overhead. Thus, rescue was accanplished in only three cases. 
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Fro:;i these dn.tn., it cn.11 h~ ::;ecn that the S..\.R process, fo r tlay 

over -land situations , fulls sh ::i rt in three areas: 

1. ~a.rch ( 13 out of 26 incidents). 

2. SAR vehicle penetrability (8 out or 13 incidents). 

3. Ability of the downed airman to evade capture on the 
ground until the St\R . vchicle arrives (4 out of 8 incidents). 

The qual1tative reasons can be deduced in pa.rt from the data base 

case studies. Examination of incidents where search was unsuccessful 

generally indicates an absence of contact with the downed airmen. 

In a few instances, momentary beepers were heard but were of insufficient 

duration for localization. Detection and localization equipment limitations 

or failures may be inferred, although a number of uncontrollable factors 

such as ca.pture or injury of the pilot could have precluded a successful 

search effort. 

The pi:oblem of the rescue vehicle not being able to penetrate is 

' attributed simply to the fact that the vehicles in use today cannot ej(ist • 

in the severe defensive environment of NVN. In two cases, MIGs caused a , 
reacuP. effort to be abandoned. The other cases can be attributed to 

heavy AAA, SAMs, and in at least one caae, heavy small-arms fire that 

cau ned a light helicopter to be thwarted in a rescue attempt'.·. 

The ability of the downed pilot to survive on the ground and avoid 

capture until the SAR rescue force arrives is dependent on many factors. 

Although each case ia unique, some statistical factors can be inferred from 

the data. The location where the aircra~ is hit and where the pilot 

egressea are factors. I f the parachute is observed, an immediate 

search by the enemy is initiated. The heavily defended regions and 

11 



J '~J~·,, ,.,,'•).',~~ ":/..,}~,"'tf ~· -~:•-t >:"°,~· - ~;t. .. t'•I '1 .~.,,. .. .. ) ' I C't ,' ,'"' ~ r ! .. ~ "y • .~ ' :'- : ' • ~" \ {f ;•:, • :. f • ' • , ', ' .. : ~' "Ii 
• .. 1, ' •• 

;'. t • • ' --

those or high popula tion densit y prc 5ent a. ve ry difficult r escue 

pr oblem . 
.... 

The rec ord fo r Navy day over-land rescues during the past year 

i ndicates two distinct areas f or improvement: (1) search equipments 

and (2) SAR vehicle survivability. Ea.ch will be discussed in greater 

detail in appendices G and E, respectively. However, ~ is a 

factor which influences tt.e succes s of all phases of the operation. 

TIME EY\.CTOR IN COMBA.T SAR 

Tue idea.J. rescue situation involves retr19va.l. of the aircrewman 

immediately atter the incident with essenti&lly zero t~ late. Time late 

is defined as the time interval. tran pilot down to rescue vehicle a.rrival 

on the scene. Canbat coodi tiOll8 do not necessarily permit the_ classic 

zero ti.me-late rescue. Tue time factor in a hostile -envirocment, however, 

has been ana.l.Y%ed to establish the effect of speed and t actics as applicable 

to the ultimate rescue success. 

utilizing SF.ASIA data as the bash for ana.J.ysis, varied tactics have 

been evaluated to establish time late as a function of SAR vehicle speed. 

Five tactics have been a.na.J.yzed for varying distances to the rescue ccene. 

Resu.lta for a naninal 100 nautical mile radius mission are presented in 

figure 2. This graph, depicting the f1 ve tactics, is annotated to indicate 

actions or the RESCAP e.nd SAR vehicle during the approach to the rescue 

scene. Ta.ctica 1 and 2 are reprttsentati ve of present SEAsia. operatioaa 
t 

where the RESCAP first establishes contact with the rescuee, either by 

radio or visually. The SAR h~licopter is then escorted to the scene by 

the ini ti&l RES CAP ( Te.cti c 1) or by a second element of RrnCAP e.ircratt 
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(Tacti c 2 ). [\ llirect appronc: l1 to the rencue scene in inriica.tecl in Tactics 

3 and 11. The winc:man depo.rts the ncenc prior to a.rrivnl of the SAR fordes 

in Tactic 3. SJ\R vehicles in compo.ny or trailing the ntrike group (Tactic 

5) represent the least time late. 

A wide disparity in time late with varied tactics is apparent fran 

the analysis and graphic representation. A direct approach to the rescue 

scene generally is more effective than speed in reducing time late. 

Vulnerability of SAR vehicles -:,resently limits the approaches to that 

represented by Tactics 1 and 2. 

Tactics are important at all speeds, and the effect of increasing 

SAR vehicle speed is most significant in the range of 100 to 200 knots but 

diminishes rapidly above 200 knots. 

T1me late alcae does not provide the full criteria in assessing SAR 

vehicle speed requirements. Survivability of the doW?led aircrewma.n, or 

in more precise terms, his availability for rescue, needs to be detennined. 

A probability-of-survival curve was develoi'ed on the basis of known capt~ 

times, as indicated in f'igure 3. 

A rapid drop in probe.bill ty of auM. val is evident during the first 

30 r.linutes. In<lividua.l. cace stu<lien also indicate that time to capture is 

often just a few m:1 nutes, particularly in the heavily defended areas with 

high population dcnaitien (e.g,, 5(1'/, of the Pa.l's were captured within 5 

minutes). 

For time in excess of 30 minutes, the probability-of-suM.val curve 

d:r opa leas rapiclly with time. This aegment represents another type of 

situation in which the pilot egresses in a remote or semiremote region. In 

l 3 
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:::; uch areas, he may be expected to survive for a longer period of time, ex-

t endi110 up to many hours. 

SiRce the time to capture was not available for many of the PCM's, the .. 
survi V&l curve, using only known times, is biased by the fact that the 

capture tines were usually observed by the wingman, who could remain in the 

area for only a short period of time. A theoretical survival curve, as 

indicated in f'igu.re 3, was derived on the basis of adjusted data and degre.ded 

by a factor of 2 so as to be coo.servative in applying the results to sub-

sequent analysis. t 

en the basis of the probability ot survival-time relationships', sane " 

measure ot pilot rescue potenti&l. can be established tar varied t&ctica ~d 

SAR vehicle speeds. Figure 4 depicts these results. Note the distinct lmee 

in the curves at 200 lmota tar all. tactics except that ot the Strike Group 
. 

SAR were eftecti vene11 increases steadily w1 th BAR yebicle ·1peed. Fraa 

this, it , can be concluded that improvement• in canb&t SAR operaticma can be 

made by decreasing time late. Thi• can be _ achieved by (1) decreasing response 

time, (2) employing a recovery vehicle of at least 200 lmots speed, (3) using 

a survivable SAR vehicle far direct approach to the rescue scene, and (4) 

operating SAR aircraft w1 th the air strike group. 

14 
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C FEF.A T IOJ!AL CC'll CEf'l'G 

,;cver 11 J. new ope r ut io:in l concepts are sugges t ed when con s i de r ing the 

potcn ttal capabilities or adv!l. nced VTOL aircraft and equipme nts in the SAR role . 

Th~ analysis indi ca tes t ha t SAR operations , i n conj unction with an air at t ack 

group, or with the SAR vehicle penetrat ing directly to the rescue scene, are 

tactics that effectively increase the probability of rescue. In other 

circums~ances, air-to-air retrieval may be the most feasible means of pilot 

rescue. Accordingly, thP following tactics have been considered: 

l. Strike Group SAR 

2. SAR Team 

3. Air snatch 

STRIKE GROUP SAR. A SAR aircraft with speed 8Jld range performance compati-

ble with that of attack aircraft could accompany or operate in conjunction 

with an air strike group. Flying wing on the strike group would be the 

optirr:um situation but presently is reserved for the 450-knot, highly sur-

vivable aircraft. '111e same concept, howe-ier, also applies to the SAR 

vehicle, with somewhat less speed, which could penetrate the enroute de­

fense while trailing the strike group or proceeding to a preestablished 

res cue area outside the target complex (s ome 10-25 n. mi ). Such 8Jl area 

re la ti vely free of AAA could provide a " safe haven" at extended r8Jlges 

from controlled waters or friendly territorie~ while still allowing a 

res cue vehicle to be close at hand. The SAR vehi cle could be in a position 

to pi ck up cowned pilots or provide escort during retirement. 

The primary atlv8Jltage of the Strike Group SAR concept is minimization 

of re sponse time. The res <'".:c vehicle would be afforded the protection 

umorrlla of the strike group, 
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1ttack o.ircrurt uvuilublc for I\f::3C/\F at the rL~scu~ :;ccnc. Close coor-

dinution be tween th e strike r;roup o.nd the rescue force ·,1oulcl be automatic 

since the rE"scuc vehicle would be an integral element of the strike group • .. .. 
The Ai r Strike Commander maintaining on-scene control of the SAR effort 

obviates command and control delays. 

SAR TEAM. The advent of VTOL ·aircraft designed as fire support aircr~ft • 
with increased speeds and ordnance.-carrying capabilities suggests self-

or nrutually supporting SAR aircraft. The SAR Team implies a SAR vehicle 

operating in company with a similar VTOL-type aircra~ capable of pro-

f 

viding the suppressive fire of a RESCAP aircraft. This team )o'ould have 

the· ·survivability, navigational capability, and suppressive fire necessary 

to proceed as a group to the rescue scene from a SAR alert without dela;y. 

Two additional advantages of this tactic are: 

l. Elimination 0f the problems of speed incompa~ibility between 

the RESCAP· 'aircraft and the SAR rescue vehicle. This incompatibility 

exists between jet RESCAP and the present (~-2, SH-3) rescue vehicles. 

2. Ability of the rescue vehicle a.rrl the RESCAP to share the same 

base, reducing, if not eliminating, rendezvous and cc:rnmunication diffi-

cul ties. 

Al~ SNATCH. Analysis of the SEAsia data indicates that there are certain 

.. 

populcus and heavily defended areas - usually associated with strike zones -

presently impenetable to search or recovery missions. This has led to 

a consideration 0 1' the possibility of retrieving an ejected airman before 

he lands to facP. almost certain capture. 

The successes of the USAF in performing air-to-air recoveries of space 

cap~ules, and that of both the U.S. Navy and Air Force with air snatches 

s-;141. 19 



s t;>4:' 
,, r h l lloons tcth,~rcil to 11 :·1 ru1 - such n ::: in the Skyhoor. l~r ollild -to - air 

r ''' t' \'<' l'Y ::;ys t cr.1 - t end t o l•ulancc out o.ny initial :; ceptici sr.1 of con-
~ 

,' <?J'I ·' ~'cndine thorough i nvcst i Gatio:l. 

The bas i c concept r equires an aircraft equipped with a grappling 

r.1cchanism tc fly over a pil,~t aloft in a. parachute device in such a 

~a.nncr that engagement occurs with a portion of the equipment. Follow-

in6 engagement and attachment, the pilot is winched aboard or carried 

to a safe area where he is released for later recavery. 

Air snatch recCJVery is technica.lly feasible and operationally 

~ifficult. The tested parachute method, wherein a close-to-standard 

chute with snatch drogue is utilized, is closer to operational status 

than the para-balloon proposal. The pe.ra-ba.lloon proposal is an al-

ternative a.ircrat't escape system canbining features of pe.rachute and 
I 

hot -air balloon and prCJViding 30 minutes or controlled altitude hover 

time. 
-

The technical and operational difficiil.ties foreseen at this time 

5hould not be allowed to discourage efforts for a diligent study and 

pursuit of an operational system of air-to-air recovery. Tl"\e potential 

of such a syutem is best appreciated when considerir.g the possibility of 

.. 

r out ine, nearly instantaneous recovery and its effect on assets and morale. 

The capability of a strike-accompanying SAR vehicle would be greatly en­

hanced if it could oe configured for air snatch. Such a configuration 

and available operational technique is considered the only feasible means 

of recovery of persormel ejecting in t he vicinity of highly defended and 

populat.ed targets. 
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DETECTIOII .'\!ill LOCALI:.'.:\TIOH 

A ciro..mo.tic i mpr,)'.rc::icnt in the ovcru.11 effectiveness Qf SA.R operations 
• 

::-..'.ly be obtained nirnply by incrcu.sing the probability of successful detection 

and l ocn.lization of downed men . 

As previously stated, the presence of the downed man in the search area 

'WO.s detected in only 13 of 26 day over-land searches conducted by Si\R forces 

in SFAsia bet'Ween 1 April :.966 and 31 t-hrch 1967. localization 'Was com­

pleted in only three of these instances. The problem is further compounded 

at night; in 11 of 16 incidents during the same time period, 51\R missions 

we~e not attempted because of the uncertain location of downed personnel, 

and lack of knowledge of rescue potential. 
' 

The primary improvements to be sought involve: 

1. Recucing the time required for localization. 

2. ,Increasing the effective range of detection. 

Additionally, improvements should be sought in increasing the reli-

ability of detection equipment, in reducing equipment size, and in reducing 

the rial\ of the rescuce's disclosing his position by signalling to the 51\R 

forceG. 

REDUCING LCCA.LIZATION TIME. Although it is presently possible to determi9e 

t!1e position of o. do'Wned man to within a mile by homing on his survival 

radio, final localization currently depends primarily on a time-consuming 

visual search of the 1.mmediate o.rea. by the Si\R vehicle. In revealing his 

position to visual observation by the Si\R vehicle, the re~cuee frequently 

risks revealing his position to the enemy. 'l"Wo or three passes are usually 

required to "talk-in" the rescue vehicle by voice communications - time 

21 
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t' nou;·J1, in many ins tancc ~; , to I'·-~rm i t the enemy to ~;e t up an runbu;;h of 
. 

;:;n:.i.ll - u.r:n~: fire. A mcthcxl i:: rwedecl to permit the 1·c·:ovc ry v~h.ic le t o 

~ . . 
proceed to a "'point directly auove the downed man on the first pass acros s 

the ;.;earch area. 

The DI·~ TACAN Beacon. The fir;.;t step toward achieving this ability would 

be to equip o.ircrewmcn with a lightweight DME TACAN beacon. Such a beacon 

·..:ould furnis~ range information accurate to ±500 feet within a radius of 50 

miles radio line-of-sight. l.3f:aring information would be obtained either 

by using an ADF fix on the survival radio, or by modifying aircraft TACANs 

to perm~t Inverse Mode operation. Additionally, the TACAN beacon would 

have the advantages of (1) alerting the rescuee to the presence of SAR 

forces in detection range, (2) security, in that transmission would be on 

interrogation only, thereby preventing detection by enemy forces before 

SAR arrival, and (3) capacity for multiple-channel operation. 

• A program to develop such a beacon should be initiated as soon as 

possible. 

AP£roach and Hover. Further reduction in locali zation time can be realized 

by developing a system to permi t approach and hover by the rescue vehicle 

on the initial pass. Autana.tic direction finding (ADF) equipnents are 

proposed that permit range and azimuth location accuracy to within a 

few feet. on an approach to a PRC radio. 

• A program to develop such a system should be initiated. 

rn;.;RF.ASING DE.'TECTING RANGE. The line-of-sight transmission range of UHF 

radio limits d~tect ion range. Use of lower frequencies is precluded by 

practical antenna size. Therefore, the restriction of line-of-sight range 

' 
' 
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sll ol:ld l ie acknowlcdGe d. , n. ml i mpr ovements rnn.de within the established lim­

i tations, both tl~ou~1 pr oper operation of existing equipment an~ through 

• 
improved eg_uipment design. 

Improvement Through Proper 0peration of Equipment. Pointing the antenna 

of ~ survivn.l radio toward the receiver decreases the effective range by a 

factor of 30. Mismatch between PJ{A-25 receivers and guard receivers sharing 

' the same antenna reduces effective range by a factor of 2.2. l • 

e A program should be initiated to instruct pilots in the most effect;ve 

way to deploy survival equipment. 

e . . An investigation of possible mismatch problems in APA-25 and -50 ADF' s 

should be conducted. 

Improvement through Equipment Design. Adjusting squelch ~o eliminate dis-

tracting noise on gua.rd channel receivers ~Y reduce sensitivi~y to the 

point wher~ a weak signal will not be heard. 

• A beeper signal detector should be designed to be installed ahead of 

audio and squelch controlo to give a positive indication of detection 

regardless of control settinga. 

Additional Improvements. A program to improve survival radios is currently 

in progress. Goals include improving reliability, providing multiple 

channel and IFF capability, and reducing size and weight through use of 

miniaturization techniques. Unfortunately, one factor limiting reli-

ability and possible reduction of size and weight is beyond the scope of 

the present program. 

• A program should be instituted to develop a new, lightweight, one-shot 

battery for survival equipment. This development program should also inves-

23 
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t.ip.tc r.ieans whereby a positi ve indico.tion of battery charge-sto.te could be 

inc,1:-porated into future bo.tteries. 

VISUAL.~EVICF.S. Visual locolizntion is not as.desirable for combat SAR oper-

ations as is radio, because of the risk of enemy detection involved. How-

ever , localization is presently dependent on use of visual devices, and is 

likely to remain so for some time to come. Regardless of future radio system 

developments, visual devices will continue to serve as backup items in the 

survival kit. Near-infrared (IR) and chemiluminescent devices appear to be 

promising additions to the signalling devices now used by aircrewmen. 

Near IR Devices. IR binoculars ani image intensifier scopes are currently 

being used by the U.S. Army. These could be adapted very easily to SAR uses. 

• Aircrewmen should be equipped with near-IR filters for their strobe 

lights. IR binoculars and image intensifier scopes should be installed 

aboard SAR rescue vehicles for night operations. 

Chemiluminescent Devices. A chemical (TIARA) is available that imparts a 

che~~luminescent glow to material with which it is inpregnated. A device 

that fires a TIARA imr~egnated parachute from an M-8 pistol has beep devel­

oped. 

• 

' .. 

f Aircrewmen should be equ ipped with a dispenser or TIARA and colored 

flare cartridges for purposes of detection and identification. 

Ai r-to- Ground Marker . A device that could be dropped by the wingman to mark . 
the general location of a downed man would aid in directing SAR forces to 

the proper area to begin search. The device could be a visual marker to 

color a reference point a brilliant color, or it could be a radar-detectable 

device such as chaff. 
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• r\ rror;r:un t.o •lC\'ClOJ' ;,u 1.:ll !1 ::inrkcr should be in::; ti Luted • 

LISTrnG AND ANALY~>IS OF SEARCH AND RESCUE EQUI PMENTS , A de ta iled examina-.. 
t ion o f pr e s ent nnd p r opos ed search and res cue equ i pments is included as 

Appe nd i x G. 

AIRCRAFT SURVIVABILITY 

Canbat riAR implies an ability to operate and function in a hostile 

environment. Heavy defenses were noted as a factor in unsuccessf'ul rescue 

attempts represented by 16 out of 24 Navy PGl cases. AB previously noted 

in the analysis, frequently the rescue vehicle was unable to penetrate to 

the rescue datam. 

SAR aircraft survivability is an important measure of effectiveness 

in the canbat SAR role. The analysis in appendix E shows the general 

effects of speed, altitude, armament, armor, vehi~le size, vulnerable 

area, -Md lllA?leuverabili ty on aircl'aft survivability. 

Speed was noted to be effective in ~ncreasing enroute survivability 

agdnst small arms. I n a basic evaluation of survivabi lity against a 12.'Tlmn 

weapon, a marked increase in survivability was indicated for speeds in exceaa 

of 200 knots. I n the enroute condition., increasing aircraft velocity or 

altitude is generally more effective against small e.rm.s than increasing 

armor protection. 

SKR vehicle lllA?leuverability becanes a criterion if operations are to 

be conducted in heavy AAA or i n a SN-1 l'mvironment. A brief evaluation of 

evasive tactics against SA-2 missiles indicated that at least a 2g maneuver 

would be 2·equired. SAR vehicles under consideration with llmi t load factors, 
I 

generally 3,0 or less, would p06sess marginal evasive capabillti._. 

25 



Hover condition was de t ermi ned to be especial l y crit i cal with sur-

Yi. vabij i.ty de creas inc r api dly with t ime in hover. F'i i;ure 5 illustrates t he 

effect of•opposition by various combinations of small weapons. The require-

' ment for minimum hover time and some means of suppressing the opposi~ firepower 

is apparent. Evaluation .f\lrther indicates that at least 70 percent of the 
~ 

saall.-arms fire needs to be suppressed in order to appreciably decrease the 

kill probability in a hover. 

AccOW'lts of SEAsia rescues attest to the value of sup~si ve fire in 

effecting ccmbat rescues. Table 2 statistically supports a suppressive fire­

power requirement. 

TABLE 2. EFFECT CF SUPPRESSIVE FIRE (OPPCEED PIC'KUH3 ONLY) 

Incidents 
30 

Recovered 
18 

Percent 
Recovered 

With Suppress i ve Fire 

No Suppre11i ve Fire Reported 49 15 

Recovery succeaa is enhanced with suppress! ve fire, al.thOU8h data does 

not differentiate as to suppresai ve fire tran the SAR vehi-cle or the ac­

compar.ying RESCAP. 

The heavy firepower contribution of t he RESCAP aircraft makes it an 

integral member of the SAR Team. The forthccming phaseout of the A-1 

RESCAP a i rcraft pointo to the disparity in speed of the SAR vehicle and 

the jet RESCAP. Ot' the available jet attack e.ircrart for the RESCAP role, 

t he A-7 is best suited far the mission. However, the advent of VTOL types 

wi th firepower capabilities approaching those of the A-1 suggests a can­

pa.nion to the SAR type in the RESCAP role. 
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MISSION REQUIREMENTS 

The SAR vehicle, equirr.iP.nt , and corrunand and cont r ol n~ quirements are, 

t o a la~e extent, dependent upon the r.i.unber and t ype of combat sor t ies • 

fl own, the loss rates of the aircraft i nvolved, and the SAR tactics employed . 

However, based upon analysis of SEAsia loss data, certain minimum arxi desir­

able requirements become apparent. These are discussed in the following 

paragraphs. 

COMBAT RADIUS. From the analysis of the SEAsia data ·in appendix B, the com-

bat radius for present Navy SAR operations is about 50 n.mi :f'rom the SAR 

ba~e, with a median of 23 n.mi for land recoveries. However, due to terrain 

features and the vulnerability of the SAR vehicle to heavy enemy defenses, 

it must fly a circuitous route to the rescue datum that increases the equiv-

alent combat radius. 

In ~ppemix D, SAR O¥erations are analyzed for· limited war situations 

in SEAsia, as well as other areas of the world. Consideration of the entire 

lam mass of North and South Vietnam, for -example, irxiicates that to provide 

at least 75 percent coverage, a 200-n.mi combat radius (unret\leled) for the 

SAR veh i cle is necessary. In addition to the Vie t nam thea t er, a SAR capa­

bil j t. ~- providing 75 percent of the land mass of other sele cted typical oper-

ational theaters requires a 300- to 325-n.mi combat radius. 
I 
~ .. 

Appendix A discusses the fighter and attack aircra~ that are now being 

used in SEAsia and will be in the . inventory in the next 3 to 5 years . . ~ese 

aircraft are the F-4B, F-8E, A-4C/D/E, A-6, A-7, am RA-5C for the Navy, and 

the B-57, F-4c, F-100, F-105, RF-4c, e.nd RF-101 for the Ai; Force. The comba.t 
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~~=Ci 
r adii of' most or t hese ai r cr at't r ange f rom 400 to 500 n.mi whe n li gh tly 

loaded ~i th r el a t ive l y cl ean stores . Due to t he h igh dr ags assoc ia t ed wi th 

mul ~ip~ store loads usi ng ~!ER' s and TER ' s, the· practical combat radii ob-

ta inable today and for the next 3 years for most at tack aircra f t are on the 

order of 200 n.mi (unref'ueled). 

The A-7 is scheduled to be introduced in 1968. This aircraft offers 

t he promise of an increased combat radius in the high-drag multiple-bomb 

load configuration. For example, the estimated combat radii of the A-7, 

carrying 24 Mk 81 Snakeyes and using internal f'uel only, are 340 an:i 455 

n.mi for the Close Support and HI-LO-LO-HI missions, respectively. Thus, 

the desired SAR combat radius should be about 500 n.mi to provide capability 

for the long-range A-7, with a minimum of 200 n.mi based on the near-term 

requirement. 

Stil1 f'urther in the future is the anticipated development of a VFAX. 

type to replace the F-4, A-4, and .A-7 aircraft. Due to improvements now 

foreseeable in external store carriage, t11e combat radius of this aircr aft 

should approach 600 n.mi for Close Support and 1,000 n.mi for Deep Strike. 

Si nce thin ai rcraft could not be in the fleet in ade quate n\.Ullbers ~efore 
• • 

about 1975, i t should not i~fluence the 1970 SAR veh i cle requirements. How-

' ever, for a follow-on SAR vehicle development, a SAR combat radius of 50o to 

600 n. mi is indicated if rescue of the crew engaged in long-range Close Sup-

~ port missions wi t h this aircraft is contemplated. Due to·the expanse of 

enemy-held terr i tory which must be traversed for Deep Strike missions at ex-

1 t r eme range3, SAR operations do not appear feas ible unless the SAR vehicle 

I 
I 

i s ref'ueled enroute. 

s~ 
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SAR VEHICLE SPEED. The SAR vehic l,~ speed requirement is determined. on the 

basis of three considerations: 

1... The SAR tactic 

2. Time late 

3, Aircra~ survivability 

To be compatible with the Strike Group SAR ~actic, the SAR vehicle must be 

.. 

capable of staying with, rendezvousing with, or trailing the strike mission. 

This places a requirement of 450 knots as t}le desired speed, with 350 knots 

as a practical minimum. Time late and vulnerability are correspondingly 

minimized by the Strike Group SAR tactic. 

For the SAR Team tactic, speed is important but not a critical factor. 

Appendix c, figures C-8 and C-9 show that the largest gain occurs by in­

creasing the SAR vehicle speed to about 200 knots. Arter this point, the 

curves bend over, decreasing in slope and minimizing gain due to speed. 

Likewise, appendix E, figure E-2 sho~s that enroute vehicle survivability 

is dependent on speed. These curves show that most of the gain in surviva­

bility is achieved by increasing vehicle speed to at least 200 knots. Thus, 

the minimum SAR vehicle speed required to accomplish mission objectives is 

200 knots. At this speed, there is some incompatibility with present jet 

RESCAP. However, for the SAR Team tactic, it is considered that the team 

will consist of two similar vehicles, one configured as the rescue aircra~ 

and the other as the RESCAP with the necessary firepower support. 

HOVER . The analysis of aircra~ survivability in the hover condition (appen­

dix E) shows that it is imperative that hover time be kept to a minimum -

about 2 minutes per rescue (desired). However, vehicle hover requirements 
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s~ 
:\J'L' l1::scd u~'cn the ;issumrti on that the SAR vehi cl e 1:e capab l e c f making two 

sc;l:cnti~l rescues , 11llov1inG fe r the cup:.ibility of :·i n ~ posi tioni ng over 

e3ch rescu~'"dn t u."ll anci for crei,.,man ass i st wi t h the -in j ured cases as re quired. 

Si nce the median l ocaliza tion time a t t he SAR s cene is 6 minutes, a 15-minute 

ho\·e r time ha s been set as a minimum reasonable design re quirement. Further-
•.. 

:-::c-re, :m~ilysis of the SEAsia environment (appendix D) shows that about 99 

percent of the operating environment is under 89.6°F at 3,000 feet altftude. 

It seems reasonable, then, that for Navy SAR operation, the hover require-

me nt for the SAR vehicle should be 15 minutes at an altitude of 3,000 feet t 

OGE on an 89.6°F day. 

21\.R VEHICIE SURVIVABILITY. It is important to improve the capability of the . 
SAR vehicle to penetrate to the rescue datum (enroute requirem~nt) and sur­

vive during the actual recovery operation (hover survivability requirement). 

The enemy threat consists of: (1) small-anns fire plus · optically aimed AAA 

up to 37mm; (2) radar-directed 57rnm, 85:run , or larger AAA; (3) 81\Ms - SA.-2 

or SA-3 missiles; and (4) MIGs . 

The analysis in appendix E shows the effects of speed, altitude, arma-

ment , armor, vehicle size, vulnerable area, and maneuverability on overall 

vehi cle sur vivability. 

In terms o f the mission re quireme nt s for survi vabili t y, enroute speed 

r.rus t be greater than 200 knots. An enroute al t itude of 4 ,000 to 5,000 feet 

.. 
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However, against improved FANSONG radars or against advanced miss i les such 

as the SA- 3 , t.he SAR surdval>ility could be mar ginal if it must depend upon 

such matreuvers. A more detailed analysis is required if SA-3's are intro-

duc~J into the envirorunent. 

It is recognized that a_voidance is not the only means of surviring th~ 

fire from radar-directed guns and SAMs. In addition to speed and maneuver­
~ 

ability, ECM and passive radar detection equipment are essential for survi-

val in the SAM and radar-directed gun environment. 

Vehicle size and armor are also factors in determining·~urvivability. 

The canbined measure of size and armor is vulnerable are~, which should be 

kept to a minimum. 'lbe essential areas requiring armor protection are fuel 

tanks and system, flight control systems, engines, transmission, and aircrew. 

I~ hover, an import~nt element to survivability_ is the use of suppres-

sive fire. The SAR vehicle and the RESCAP should ee capable of providing 

adequate suppressive fire during rescue; 2Qmm turrets are desired in this 

regard. 

BA.SING. As discussed in appendices A and F, current SAR operations utilize 

the UH-2 and the SH-3A helicopters . Normally, the UH-2 is based on and oper­

ates from a DLG. The SH-3A operates from either a CVA or CVS, depending upon 

the avai lability, with the CVS preferred. 

In any analysis of follow-on SAR vehicles, ship capability to serve as 

an operating base has to be considered. The analysis of basing (appendix F) 
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shews that s:r enc;U1 ot' U1~ lnncling plntforms gene r ally limi t s the size of 

vehic le., .. t hat can be oper Rted from them. Aircra ft weight limi ta tions of the 

~; hip pl atfor ms and decks an~ : 

ShiE Class Max . OEerable Aircraft Gross We i ght ~lb~ 
-·----

DLG 12,000 

LPD 31,000 

LPH 30,000 

CVS 46,ooo 

CVA 70,000 

In addition to gross weight limitations, other factors must be considered, 

such as elevator clearances, maintenance and repair facilities, berthing 

facilities, etc. 

The ,location of the landing platform is also important. In some ships, 

' the platforms are located at a level such that basing and operationlof the• 

SAR vehicle would require removal of some of the ship superstructure. ~is 

i s necessary to maintain an adequate margin between the ship center of grav-

ity and center of buoyancy. 

From an analysis of pro j ected SAR vehicle size and we i ght, their pre-

ferred basing is on an LPD or CVS. However, as discussed in appendix F, 

t here are a number of other possibilities, each with advantages and disad-

vantages. Also, it might be necessary to base Str i ke Group SAR vehicles on 

t he CVA. 

NIGHT/ ALL-WEATi rzR. The SAR vehicle must be capabl e o f night and all-weather 

operat ions from a ship under t he same conditions as all-weather attack 
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:iir crnfi. It should be cn.p1:1ll le of pr oceeding to the res cue datum without 

visual reference to landma r ks or use of extens ive location aids such as 

J:ACAH . Jn localizing at dn.tum , the SAR vehicle should be capable of descend-• . 

ing and operating nt 500 feet ab ove the ground with a visibility o f 1 mile. 

All-weather requirements can be met by the IHAS system with the additional 

incorporation of a terrain-avoi dance radar, which is required for night oper-

ations. An automatic system for transition to hover is desirable when the 

rescue vehicle approaches within the ARA-50 or ARA-25 range. The SAR rescue 

vehicle should be configured for slow flight to allow fine adjustment of 

position over the rescue scene; it should be capable of automatic hover with-

out drift in wiTXls up to 45 knots. 

SEARCH AND LOCALIZATION EQUIPMENT. Search and rescue equipments are surveyed 

in append.ix G. Figure 1 illustrated the fact that search was successful in 

only 13 of 26 Navy NVN over-land incidents for-which ·the SAR forces were 

alerted. Thua, the need for an improved search capability is apparent. 

It is essential that the wingman or the pilot have the ability to mark 

the down~d pilot's location. It is also essential that RESCAP aircraft and 

the SAR rescue vehicle be capable of finding the marker. 

Radio reliability must be improved such that an availability of 99 per-

cent is achieved, assuming redundant multichannel radios. This requirement 

includes the battery as an integral part of the radio. 

Ir, lieu of vi sual contact, an improved aircraft ADF and PRC size per-

sonal ~.1£: transponder are required for precise localization. The r:HE tranr-
l .. 

ponder i ndicates range to the man through the standard aircraft TACAN. The 
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ndd ition to the nircrnft of invers e mcxie 'I'ACAN would provide TACAN bearing 

in ·'or:nat. i on ns :1 bncku:r to ~lie lD rF henring and would he pnrtic:ularly valuabl-= 

if' the d"'--":ned crewman's UHF r acl:io wer e inoperative. The desired accuracy of 

the localization devices is c: 20 feet , with !:50 feet being acceptable. 

For night search, an IR _filter should be supplied for the crewman ' s 

strobe light in order to provide a relatively secure means of marking the 

man's position. 

It should be noted that these search ani localization requirements can 

all be fulfilled in a relatively short period of time and, once fulfilled, 

wi ll. improve any SAR vehicle system. 

RECOVERY EQUIPMENT. Due to the extreme vulnerability of the SAR rescue vehi­

cle when it is in hover, there is a need for a high-speed hoist. The hoist 

should be capable of controlled empty cable drop at ~peeds approaching free-

fall and, in the event of poor positioning of the first drop, a controlled 

high-speed empty retrieval. A variable spe_ed retrieval of up to 400 feet 

per minute is desirable if safety stops and g-loading limit devices can be 

added. 

In addition to the hoist improvements, t here is a requirement for a 

seat or capnule that can be lowered in folded position through a jungle can­

opy. The device should then be capable of being unfolded to provide a seat 

and protection against branch snagging and collision during retrievai. 
l 

COMMAND AND COI-ITROL. As discussed in appendix D, the present SAR alerti~ 

process usually starts with the pilot of the stricken aircra~ or his wing­

man transmitting a MAYDAY directly to the RESCAP aircra~ or SAR DD. A 

.· 
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backup link exists Uirough the E-lA or E-?A, C-130, or PIRAZ . Automatic mid-

dlemnn r elay aircraft are used when ranges become extended. 

A primary re quirement for improvement of the corrunand and control of SAR 

miss i ons is the reduction of radio traffic on guard channel by the addition 

or more radio channels to the_ -pilot's personal radios. 

A further improvement could be realized by having the senior RESCAP 

pilot be the SAR Commander rather than someone who is not as close to the 

actual SAR scene. 

All c f the foregoing mission requirements are summarized in table 3. 

TABLE 3, MISSION REQUIREMENTS StMiARY 

Vehicle 

Speed 
Radius 
Survivability 
Crew 
Rescue 
Hover 
Basing 

Avi on i c:; 

36 

TAC AN 
Ill.K, 
Terrain-Avoidance Radar 
Active ECM 
Passive ECM 
UHF 
VHF 
HF 
Loud Hailer 
UHF/ADF 
SAR/ ADF 
Ground Fire Detector 

200-450 kt 
200-500 n.mi 
Small Arms to SAM 
3-4 persons 
2 persons, space for 4 
15 min, j -,000 ft OOE/89.6°F. 
DLG (desired) 
LPD, LPH, LSD, LST 
CVS, CVA 

Strike Group SAR, 
SAR Team 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Escorted 
I 

x 

x 
x 
x 

x 
x 
x 
x 

SAR 

~ 
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TABLE 3. ~ITSS ION RE QUIREMENTS SUMMARY (Continued ) 

Strike Group SAR, 
Ar mnment .., SAR Te am Escorted SAR 

IR Gunsight 
Twin Turret 

Miscellaneous Search Equipment 

IR Binoculars 
Image Intensifier Scope 
Improved GHD Marker 

Recovery Equipments 

. .High-Speed Hoist (drop and lift) 

x 
x 

Improved Jungle Penetrator & Protective Picku~ Device 

Personal Equipment 

Add TIARA Marker Chutes 
Add IR Shield to Strobe 
Add DME TACAN Beacon 
Improve PRC Radios (quantity 2 per pilot) as to: 

1. Reliability (Availability to 0.99, including bat tery) 
2. Coded 
3. Mul tichanne 1 
4. Size 
5. Battery life 

AIRCP.AFI' ANALYSIS 

x 
x 

' ' 

~ A performance analysis of candidate SAR aircra~ capable of an 

I 
I 
I 
._ 
I 

operationa l status within a 3-year period was performed by the 

Naval Air Systems Command. The time frame essentially restricts 

t he vehicles considered to (1) those presently in a flight status, 

(2) experimental prototypes, or (3) modifications thereto. SAR 

adaptations of vehicles listed in table 4 were evaluated on the 

basis of data informally submitted by airframe contractors. The 

.. 
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* vehicles muy be co.tecor~.zed o.s pure helicopters, compound helicopters, 

tilt-winr,, ducted fun, und fan-in-wing types. ... 

Pure Helicopters 

AH-lG 
CH-46 

TABLE 4 • SA.R VEHICLE ANALYSIS 

Compounds 

U}{-2 
AH-56 
16H 
SH-3D 
NH-3 
CH-53 

Tilt-Wings 

CL-84 
XC-142 

Others 

X-22 
XV-;A 

SA.R equipment loading for the comba.t SAR aircraft established in 

appendix F provides for day/night operations with nominal fil·epower. 1 

• 
Avionics and armament weights set stringent performance requirements 

on the smaller aircraft configurations. 

The doppler navigation equipment, IHAS, is suffic~ently developed 

to provide the navigation accuracy required for the mission vithin 3 

years. IHAS ha.a the potential for integrating terrain-avoidance radar 

aud automatic approach and hover equipment, without which the over-l&nd 

night/all-weather SAR mission becomes extremely hazardous. 

Developmental work is necessa.ry to refine automatic approach to 

and hover over a specific spot. As noted in appendix G, approaches 

to this problem could include specialized beacons on the ground or 

development of equipment to maintain hover over a light source. 

Research should be initiated to provide a capability ~ithout delay. 

* Modified to compound SA.R versions from existing configurations 
indicated in table 4. 
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Appe ndix E concludes tlmt suppress ive fire is the most e ffective 

prot ect i on fo r the rescue vehicle while in o. hover mode. Both 20mm 

• 
and 30r.un o.ircraft turrets arc W1der development by industry for the 

t.hrines and Army for various helicopters. These weapons provide the 

maximum "standoff" capa.bility ,with greatest projectile kill potential. 

Furthermore, 7.62rmn MINIGUNS, firing up to 4,000 rounds per minute, 

are considere~ acceptable for the rescue mission, particularly for the rescue 

vehicle in the SA.R Team concept. In conjunction with the aircraft turrets, 

ground fire detection equipment ha.s been proposed tha.t will automatically 

train the turret to oppose the greatest detectable threat to the vehicle. 

This li5htwPight equipment, coupled with an infra.red fine-sighti?l8 

device, provides a rapid response to hostile small-arms fire. 1 

The perfo:nnance analysis was conducted with a baseline mission o~ 

200 n. mi. --radius and 5,000 feet enroute altitude, and a 15 minute hover f 

at 3,000 feet/89.6•Fto pick up two rescuees. 

The mission requirements as derived in the study establish a 200-knot 

speed and a minimum radius of 200 na.utical miles. 

Appendix F, figure F-lb presents the radius of action·of those 

a i rcraft that can sustain at lc~st 200 knots. Of these, only the 

CL-34, All-56, and XC-142 reach and exceed the 200-n. mi. radius of 

action when configured with the desired avionics and armament 

(1,962 lb). 

The XC-142, as noted in appendix F, is approximately double the 

size and "Weight of the CL-84 but \11th less speed and Httle gain in 

radius . 

• 
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The Al! - 56 and the CL- ~~11 meet t he minimum mission requirements and I 
pr ovide the maximum eain in combo.t Si\R capability within the next 3 

.... I years. A compo.ro.tive appraisal of these vehicles as combo.t Si\R 

aircra~ is outlined in to.ble 5. The performance reflects best I 
estimates, subject to further _ _:verification and analysis. 

TABLE 5. APPRAISAL OF COMBA.T SAR VEiiICIES I 
Tilt Wing Compound 

I (CL-84) (AH-56) 

§Istems Re~uirements 

Detection/I.JJcation = .. I 
Survivability: 

I Enroute x 

Hover = I 
Time I&te x 

Firepower x I 
Missi;;.n Ada12tabilitl 

Strike Group SAR x I I 
l .. 

SAR Team x 

I Operationa.l Fo.ctors ~ 

Rescue Capability: I 
Hover/Pickup x 

Air Snatch x I 
Shipboard Basing: 

I Weight • "' 
Size x I 

Night Capability x 

Cost 

Sl~T 
x I 
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The o.ircra~t analysis represent::; a l..Jr oo.d ussessment or the 

perforr.iance :iml. cli.:1.ro.cteristics of VTOL de signs in meeting combat 

Sl\R mist'lon requirements in the next 3 yea.rs. 

The CL- 8li o.nd the Alt- 56 versions in particular offer improvements 

in combat SAR. A competition evaluation of these types is reconunended, 

including detailed appraisal of survivability, firepower capabilities, 

and maintair.sbility. 

CC!fCLUSIONS AND RECC!-1MENDATIONS 

The most import&nt conclusions of the combat SAR study are as 

follows: 

1. Signiticant improvements in ccmb&t SAR can be attt.ined in a 3-

year period. The potential for improvement has been shown to exist in the 

day over-land and night rescue missions. The improvement can be accomplished 

by: 

a. Increasing the success factor for search and localization 

by modification &nd addition of special avionic equipnents. 

b. Using a faster and less vulnerable rescue vehicle. 

c. Improving SAR tactics to take advantage of vehicle 

improvements. 

d. Improving rescue equ1IJ11ents. 

e. Providing MIGCAP. 

f. Increasing suppressive fire support capabill ty. 

2. Reliable detection and localization offer the greatest gt.ins. ~ 

analysis of the Navy over-land incidents has shown that lack of search 

success is the principal contributor to rescu~ mission fai~ure. A high 
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pr obabili t y of detection and localization is essential for successf'ul SAR . 

ImproV"e.I:lents or additions arc required in three areas: ... 
a. Procedures and devices ~or marking the rescue datum. 

b. Aircraft avionics and night equipments. 

c. Increased reliability of ra.d.ios and other personal 

survival equi pnents. 

3. Two aircraft designs - tilt-wing (CL-84) e.nd canpound heli­

copter (AH-56) - meet minimum mission requirements for canbat SAR. The 

study considers these aircraft as the ones that can best meet the following 

miuion requirements within the 3-ye&r time t'rame: 

a. 200-n.mi range at greater than 200 knots. 

b. 15-minute hover time with an avionics/armament payload or 

appranately 2,000 pounds. 

c. Recovery of two aircre'WI!len. 

d. Adequate armor and armament tor survivability in the 

e!1•.ri ronment. 

4. The cr,..84 tilt-wing aircraft offera the greatest canbat rescu., 
l 

flexibility and potential. Furthermore, it canes closest to achieving a 

Strike Force SAR capability and is canpatible with the "air snatch" ~ 

technique. The CL-84, operating with the SAR Team, has the advantage of 

nigher speed.a (350 kt) and is thus more canpatible with MIGC~ and additional 

jet RrnCAP aircraft. The compound (AH-56) is well suited for the SAR Team 

by virtue ot its 215-knot speed. and firepower, but it cannot function with 

the Strike Group SAR due to the di~ference in speed. 
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') . .l\i r sno.tch is t11c only feasible r es cue method in heavily defended 

areas . :'\l-l:.1 1ow·h the tecl'.ni que has been Jcmonst rated under i deal condition::;, 

consid~ble development and operational evaluation arc required. 

G. Recovery success relates directly to the amount of time the pilot 

'.':an remain \dth his aircraf't af'ter it is hit. This time has a high cor­

relation ~~th whether or not the hit caused an aircraf't fire. If the aircraf't 

is on fire, the pilot frequently must egress near the area where he was hit 

a.nd therefore is usually captured. If the aircraf't is not on fire, the 

pilot generally heads his aircraf't toward a safe area such as the Gulf of 

Tonkin. If he makes it to a safe haven, the statistics show that the pilot 

has a high probability of recovery. 

7. Vulnerability limits capabilities of current SAR vehicles such 

as the SH-3. This is readily shown by the large number of times that the 

rescue vehicle cannot or -does not penetrate· to- make -, re~cue; - Slow.-speed.8;---­

lack of adequate navigation and avionics equipnents, and lack of su.fficient 

suppressive firepower limit their ability-to penetrate the heavy enemy 

defenses. 

8 . Preferred SAR basing would be a DI.G or landing-type ship. Addition 

of the combat SAR splinter group to · CVA/CVS deck loads will correspondingly 

reduce the strike aircraf't loadi~ and should be considered as desirable only 

for the Strike Group SAR concept. Assignment of la.nd.ing ships to the canbat 

SAR ~·-t~'port mission reqnires the minimum ship modifications. 

9. A night over-land SAR capability does not exist at present• To 
l • 

provide such capability, the SAR vehicle needs the ability to avoid terrain 

·,.,rhile navigating accurately with out external reference, and to hover ove~ 

jungle canopy without the uce of visible 
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On the be.sis of the previously the following 

recanmendations are made . 

l . Develop and improve the following detection and localization 
~ . 

equi µnents : 

a. TACAN beacon 

b. ADF 

c. Markers 

d. Re.G...ios 

e. Night viewing and signaling devices 1 

2. Cooduct a canpetitive evaluation or CL-84 and AH-56 canbat sh 
&ircrat't designs. This evaluation should include performance, maintain-

abill ty, survi V&bill ty, armament, and program coats. 

3. Continue air snatch develOilllf!nts &nd methods far extending air 

chute time to improve SAR ca.pabill ty over heavily defended &rel.a. 

4. De\ielop SAR &ircrat't navigation, approach, and hover equipnenta 

for night over-l&nd rescue to pennit autanatic transition-to-hover over a 

rescue beacon or re1cuee. 

5. The following suppressive fire capability should be provided 

a.a a minimum: 

a.. 2Qmn turrets to provide the mt.Ximum suppreasi ve :fire for 

the escort vehicles. 

b. 7 .62mm MINIGUN turrets for !l'l&Ximum volume of fire on the 

rescue vehicle. 

6. Develop a ground fire (am.all arms) detection system. 

.. 

, 

7. Finally, continue analysis of SEAsia ccmbat SAR data to ascertain new 

t rend~ or proulem areas and provide a means of evaluating SAR improvements. 
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