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As
in all detailed mmamtmmwm
and basic directives and ons changs fram time to time. Deteils
of the. mmamuamumw

B. Rxplanation of Terms: The following list of terms although
notmnlml.ypocu.u_utoml ,mundiutl’nm. Por
tbmtm,thmtmmum;tbuohmthtunmm
amoormuuuooduﬁmwithmmmum. :

L Apc-thﬁopmtpdmdm;nmmmu.

2. Attachi; - te .
to 2 sus taehtng‘stnpu :tupwmeuuam .clcvu

3. Breathing = & periodic inflation and deflation of a

L]

: bhe M--lummtcmoun‘dthramm
toaunchnmwmchumpmimnmtoatumuitu::’

s, m;;-mmwwmma-amu
crm:a‘a point, normally associsted with a tandem parachute
system, ’ . . . .

6. cm-nmmuu'mmaumqmutb
a system, _ :

% Do-m-lwact:lonldnch»multoinuptu Yy part
otthcmmrylooyhnth.pol.. . Ea




Splash - physical contact of any article with the coean
surface, :

Stm-'amuomutMtdmmtm
Suamimlm-amucdmhhhu.'

23, Uuthabu'-nmdmtoﬂntunoluo-u
mctxmicluﬂdnmootamtqinmcht.

Visual - visual loquaitienottont-:l.nm(ht.
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I1 RECOVERY PARACHUTE SYISTHRS

1. The parachute system may be a single parachute or a cambimation
of parachutes or devices. numumuun_mmm
4t is the link between the aircraft gear aid the recoverable package.
Its design affects recovery reliability, and also affects the foroes
imposed by ths aircraft, its recovery gear, and the recoverable
package during recovery,

2, Minimm packed bulk, minimm weight, reliable deployment,

stability and sufficient sise to provide a reasonable rats of descent
for a given suspended weight are important normal parechuts design
criteria. The requirements and stresses of asrial recovery impose
additional problems to the parachute designer, Develoment of parsclhute
systems suitable for aerial recovery has taken several directioms to
mest the recovery requirements with various suspended weights and
allowable package "G loads. '

A. The Mark 5C Parschute: Barly parichute’sybtems used for leight-
weight recoveries were modifications of standard cargo or persomel
parachutes, specially reinforced to withstand aerial recovery. -Even
after a great deal of experimentation with parachute sise, shape,
porousity, venting techniques and skirt design, the early systems all
left samething to be desired in stability and reliability. Parachute
oscillation, "breathing," and other errstic flight behavior made working
these systems more than a challengs to the recovery pilot. ' Under ideal
conditions recovery was difficult; under adverse conditions, slmost
impossible. Rascovery reliability was relatively low with such parachute

(1) Pinally, a type of "ring-slot" parachute‘vas developed and

adapted for recovery. Using broad ribbons of fabric ssparsted by'tedial
- gaps, or slote, the ring slot parachute deployed reliably, had acceptadbly

became the Mark 5B-4. A later modification of the suspension lines to
reduce weight has tieemddeiimmted the Mark 5C, but for the canopy construc-
tion and basic reinforced description, that follows, the Mark 5B-/ and
Mark 5C are identical. The Mark 5C is now the standard training: parachute
and is manufactured by several companies, ‘

(2) The Mark 5C is a nylon twenty-f ring-slot parschute
ﬁwammda."ftntm.m.mwm
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parachute
mmm-tmm.mhnwmm » This has,
?g’tglt:h&n wrihting) » lixdted its uge to hidiym weight applications,




(Ultimately, the weight that the aircraft can carry in trail)., A
tandem system has the advantage that, in the event of tear-

of the top (recovery) parachute, the package is still supported by
the bottom parachute, avoiding catastrophic descent. Also because
otthc".hnn"oﬁoctottholongludnnpdurqcnmt,'cﬂ
forces at the package are lower than on single systems. The disad-
vantage of most tandem systems is the system movement - the top
recovery parachute flies in the wake of the usually larger bottom
parachute, and, carrying the weight of the load line, usually lays
over a little to one side. This frequently results in "btreathing”,
"cordng", or other erratic top parachute movement, in the vertical

often difficult, and sometime hasardous.

(5) Regardless of whether the parachute is a standard Mark
5C, a conical extension, or a tandem system, the pllot's job remains
that of achieving the best possible comtact. Special training is -
ccwucmtwmm-cmumt-umwmn.
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IIT  ATRCRAPT PERPORMANCE:

-Amddhmﬁmotdrmftprfm«tmtmuﬁq-‘w
hmhmmummmt«mduﬂnm~
presented in the sections to follow, Aircraft descent and configuration ,
airspeed limitations are important in establishing the working mclope _
of parachute system descent rates. Naneuverbidlity:is. 6f; piimary impobtakce _
when amun‘p;ttmclaotothemt-.mtogetheruth
pilot ability, is essential to the tchimtofgoodm. Center
dmﬁtymﬁmﬁmmotlu-uwmualmgpmlm-
book limitations are observed, The pilot should be aware, however, that
eonterofmﬂtychnmdoocmmin;tbm . ‘

1. Adrcraft descent/airspeed limitations and aircraft handbook
limitations will be cbserved in all configurations. With wing flaps 50%.
garup,mcargodoorandrqom,thomumunpudhlﬁom,
based on C-130 handhook limits for the - cargo door and remp, and .
wing limdt the angle of bank to 45° maximum, If the flaps are
over .thon:l-naumbloiudiatoddupdhm.rnducodto
5 knots. ’ .

a. Atwﬁldrcunmhu,myabmtazsootut/ﬂ.mh
rate of descent can be main o This figure has Deen established as
the maximum system descent rate at which a parachute will normally be
worked, No minimum, of course, is necessary. In an emergency, the -
alrcraft descent rate can be increased slightly, by lowering the landing
gear. The air deflectors have little drag effect, but also may be opened.
Gmdmmmuummmibh,umhndmgmmtb‘
ntmtqdpriortonungammqms. ' '

b. lomlpmgmumt-ducntnmnomuOOto
mrmmmu,mlumc-mwamuty.m :
thomtnummdtodmptonolmthmarwlmnﬁrodtntbolw
the aireraft, With the covery rig deployed, in the pickup position
aircraft limitation airs can be flown, Keeping the airspeed between
wmnsm-mmmu;mummau.m:nw.

c. FParachute performance is the fimal factor to be considered
when discussing the descent capability of the aircraft. The parachute
ducmtuto'hdwm“mdmiwummmmu the
aircraft TAS-IAS relationship, A parachute, st a given weight, descends
at a constant vertical "IAS". Its vertical "TAS® or actual descent
rate, disregaring possible vertical wind offects) decreases with altitude,
sountmmmmmtudummww.mmu .
capabdlity at 15,000 feet may be workable at some lesser altitude,

2. Maneuverability, A discussion of aircraft maneuverability

probably should be presented mathematically, for pilots have. varied
opinions, and presentation of caleulated pr;ot is best evidente. "This

£
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T a. The first aspect, control eftoet:l.vm, is complex, At low
airspeeds, contrdls may feel "mushy* to the Pilot, At higher
forces increas :

: : . . lzo’oratlllwatmlj.rcun
of 120,000 pounds, f1aps 50%, 1s 120 XIAS, Tt follows that caution be




Increasing the angle of bank, else held equal, decreases
the radius of turn, The steeper the bank, ,m-’mmu

2. Conter of gravity considerations. Movement of the dolly during
rigging causes a rearwvard movement of the center of gravity. This is
well diagraamed in the JC-130 aireraft handbooks. The CG shift is
easily corrected by elevator trim, and the aircraft will resain dynami-
cally stable through the rigging process.

4, Recovery pilots should be aware however, that, with
heavy packages in trail, the aircraft can approach neutral
stability, and under unusual circumstances, with package oscillation, i
becams momentarily unstable. The pilot must stay “on top” of his aircraft,
with heavy package in trail, and should exercise care even with
udlﬁ:adﬁf. systems in trail, :
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IV PUNDAMENTAL RECOVERY PLYING

The recovery pattern is basic to aerial recovery. Its primary purpose
is to place the aircraft in position to effect aerial recovery
make & look-ses pass. Secondarily, the pattern keeps the aircraft in
the vicinity of the parachute system, allowing the pilot to either make
repeated passes, or to delay until ready to make the ‘

while maintaining visual contact with the system. Two patterns are
used: The tear-drop pattern, and the circling approach. A straight-in
approsch may be necessary in wnusual conditions, but being both selfe
explanatory and rarely used, will not be discussed. The weather box,
used under instrument conditions, is discussed in Section VI.

1. % The tear-drop pattern is camprised of a
timed outbound leg seconds, a constant rete (bank) left
turn, and an inbound leg. Its form is similar to an instrument procedure
tear drop, except the are shorter. The included tear drop angle is
usually greater than L5, rather than 20° or 30°, The short legs are
necessary to keep the aircraft 'close to the system. The turn should de

easier to

i
§
3
4
5
§
|
I
g
E
§

inbound leg, is the most commonly used pattern, This pattern is
recommended for early training, : ‘

8, Prior to drop for recovery, a drop heading should be chosen
which will provide the most advantageous cloud/horison be

the intended recovery pass. If one lock-see pass will be made prior
to the recovery pass, the aircraft heading at drop should be such that
mmnwu:utmummmm(-nnmﬂ.
If, on the other hand, there is an undersireble background area to be
avoided, drop with this ares between the nose the right wing tip.
An experienced pilot may scmetimes recover into ound
mt,:rlyinthom, the selection of a good background is recom-

¢. The drop altitude reccmmended is 14,000 feet MSL. The Rilot
may,however, choose to drop from a different altitude for weather
increased practice, or for other reascns. When advised by the winch
operator that the rig is deplayed for drop, the

by to actuate the drop release on the pilot's cammand "Release the -
system -~ - now," - -
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to the system,

2. uthsmt-uMapaiucnnfrqntottht_M,

(or projected
roll-cut is the first important
‘s ’
dowm.
NOVe~
pilot
appears

should time his roll-out so that, as

If rollout position is overshot,
ment in the opposite direction, i.s,,
stationary against the background,

h. When lined up irbound, the pilot should insure that the

envelop (120 ¢ 1 KIAS),
note wbether speed is increasing or decreasing, u(:d udjgn?dccudg.ngly.

airspeed is within the allowable contact
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Heading and slevation corrections should be made as soon as the need
is sensed, because the longer delayed, the larger the required correc-
tion, Care must be exercised however. Over correction is a commen
problem among new recovery pilots,

i. At about 10 seconds from the system the recovery crew
should be advised "10 seconds” by the co-pilot. At this time the pilot
.mnmmnum.mmpmummmmuabhtotm
mmtmmn,wm.uahmmmmmmvpu-.
M%mt,h-mm;cmuntumlmtbmmmw
his eyes out of the cockpit. He allows the system to start dropping
below the horizon, attempting to position the aircraft so that the apex
of the parachute passes approximately 7 to 12 £
nose, with the parachute aligned to the line of flight. Corrections
m.wmmtr«.nmmummmiun. large
corrections are not possible, even with large “of attitude,
because of the time factor. If it appears large corrections will be
necessary in the last few seconds, a pull-off should
using (most importantly) power, combined with f1ight comtrols. A pull-
oummmmmm.nmmummemm, so
pull-off should be initiated earlier, . )

J. Corrections may be made using all flight controls. The
elevator, with throttles, handily corrects for slevation, but both
-alleron and rudder affect the system lineup, One suggestion - early
hthoprogmn,mooordimtoddlmuﬂmddcrtopthortornm-up
cmcum,‘updm;mtwrrmmmt-. As you gain experience,
and acquire 2 “fesl" for the Wway the aircraft and rig moves with the
dlorcn,mdwiththerudder,ymlﬂlﬁndymoltlnmmabh
to make last second "reversed control® corrections using aileron only,
or rudder only, in uncoordinated fashion. Regardless of your methods,
Jour technique should be smooth and gredual. There is no excuse for
for abuse of the aircraft.

k. If the pass is a dry run or a look-see, the pilot should

mcthucloekfcrtidn;uhopumthomt-,mdnutm

hudingnm 'urkor, for the next pass. m.appnumotoruhotms
8. _ _ .

1. If the pass is hot, and contact is made, the aft left
nuorunuueemwfmwmmm-mtrm-u
"tear through" as appropriate. In the unlikely case that it is a tear- -
through withouta derig, another pass may be initiated, otherwise, the
_pilotohaﬂ.d;ointondroliuspprmhwhihthemwujcrwn—
rigs, before attempting another pass.
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by the piloet, the crew will go the
system. Airspeed during reel-in and boarding should be 120 to 131 KIAS
m,mutwmmum,wummu;

distance on the wingtip, a contimious
teristics. !‘hoﬁnththatthomt-unlmuthinzto}
-miles, easy visual range. momumtmmuuapmuu
to turn inbound at any time, provided he maintains his descent with the
systen, and will be about 25 seconds mmmmm

:
|
|
5

mwtmatmmuuatmmdnum. The reverse
effect is obvious in a recovery pattern: At higher altitude, uwsing the
smm;lootbmk,thotmiahrg.rmdhbolmor. ‘This effect
tmmmmptmm-m,mmm-m«mm

pattern at u,motmms,ooogm,uclumtommt-,

is noticeabls to the pilot (see figure 8). S




¢. Flying the recommended 25 second pattern, it can be seen
that 5 passes sliould be avilable, befors splash, using a 15,000 foot
drop sltitude, (See figure 8), A rule of thumb is that each pattern
uses up 3,000 feet.of system altitude,

b. Points for Discussion:

a, uouu-.r_'!’lttnmnmum left band turns whenever
mh.,mnymmummammmm. It
-also makes it possible forthopﬂ.ot flying back-up to plan his back-up

. b. Minimm altitude for reccvery is 4L00' absolute altitude at.
contact. umurcx-mummmzomm»m_mm
the system reaches 1,000', it {s obvicus a recovery cannot be made,

c. u-mmwmwmmummmqptm_

' d, The parachute system, as mentioned in Section IT "flies"
(descends) according to its indicated vertical airspeed. Thus its
actual descent rete (TAS) decresses with decreased altitude. The -
aircraft may be able to “stay with® a system, at a lower altitude, when
it would not at a higher altitude. . _

Mcn’otdrcnfttmnnpood, winch performance, type of contact
and type of systerx, although there are other factors. One wvay to help
Teduce stresses on the system is to plan contact at a lower altitude

(lower TAS). If maxirmm altitude (15,000' MSL) must be used, the emly

v-s




Way to minimige stress caused by the AS 1s to fly the bottom side
of the allowable indicated airspeed envelops(120 knots). The air-
cnrtohmﬂdbotlunmaum:l;, 4.0., the pilot should be

:
_E
|
H
s
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. ¥ THE HIGH SPEED (EDF) RUB
1. General:

a. The first four sections have contained information basic to
the actual aerial recovery. The remaining sections present techniques
used prior to the recovery pattern, and supplemental procedures
Wututrdntummppwbdthmnﬁtmg.

b mm.mmauummunmummm
within visual range of the system, Using the Electronic Direction
Finding (EOF) Equipment as the primary source of bearing information,
it is designed to put the aircraft within visual acquisition range in
miuun,mmnpaitionuwﬂtthomt-atthw :
possible altitude,

i

6. The manner in which a run is made depends upon whether or not
the system position, relative to the aircraft position, is known.
However, all runs begin with the recovery aircraft at an "On Station
Po::l.tim“ (0.S.P) at a given altitude, with a predicted parechute
deploymsnt time and altitude. For high speed run treining a drop
aircraft drops a system at the prescribed time and altitude., Mounted
on the system is an electronic beacon-wiidh the EDF opera can track
to provide the pilot with bearings to the system. In
system, pilot procedures are mach the same for ADF Homing.

same as

q, mnmummmtwmmmwm
ahouldboundt.obukupthoﬂoqupnt. The UHF/DF position of
the UHF command redio may be selected and wuwmm,
‘Af appropriate. The aircraft radar may also be abhtotuekth-mt.,

§8R

but cannot be counted upon, as redar aocquisition usually ocours at less
than 25 miles range. Dead reckoning procedures, of course, useful only
if the position of the system is known. :

.. koprdleuotthcdhtmotobom, pllot needs to know
the parachute deployment ( )a.ltitndo,uu.mdcpoc ted system

descent rate (time-to-fall dntl.). Por training, the manry aireraft
GPQ&M“MMMMM”.M drop aircraft
at least as high. At parachute deplayment time the pilot should start
msclockrwohpndﬁn,wmtommmm and, unless he
knows his aircraft is close (within 20 miles) to the system
least 10,000 feet below it, begin descent to achieve a high

L)

Bs
15

Thoduunthphmodsothatthtnmnummrymermunow
a xinimm of 4,000 fest below the system altitude, estimated from .
ohpdtinandthotin-to—tmuu,mnwmm‘ level

makes this separation impossible.

V=1




_f. Righest average trus airspesd will normally be achieved
using maximm continuous power, However, C-130 handbook 2.5G
otuctudindiumuummumtwhm. When
turbulence may be expected, as in passage through cumliform clouds
orhmm&cuotﬂ?,ﬂmue‘ofthoxwdnpodnutht?cu-
mended, If rapdd descent is required it vill de necessary to reduce
Pover to remain within either limitation, =~

2, Distance Run - System Position Unlknown:

" t ] !-‘Jﬂ'ﬂ‘
below the system., With distance (thus average airspeed) the prime
consideration, interception of the system at the highest working altitude
by necessity must be given lesser consideration. At maxcimm continuous
power, the aircraft cannot descent at a norwal system descent rate and
remain within‘its aitsphed limtts. Mw,'duc‘cnt,-hcnu-'bean '

occurs first. Average aircraft descent rate: depending upon the time-to-
fall, will generally be between 1000 and 1500 FFN for Snitisl sircrere

altitudes above FL200, resulting in airspeeds approximating the 3.0G
limit for most of the run. :

3. Shart Run - System Position Known:

If the system position is known to be a relatively short distance any
(say,less than 50 riles with an anple spread between initial system and
aircraft altitude), average run speed decreases in irportance, The
mpﬂu";l choose to sacri:‘;:;‘:ano airsreec in-ordor Lo intorac:d, at a -
r altitude to make acquisition easier to permit a higher
altitude inspection pass, or because of low mitt’:do weather, ‘
:l{e the pt::f&e ‘iloho.u{, the li:;?ttlohonld arrive sufficiently below
sys ' ow leveling ,sadngdm,mddcplmtortho
rig. llomly. the established Planning sinimm of 4,000 feet vertical
separation is sufficient. Since 15,000 feet MSL is the highest recovery
altitude normally permitted, aircraft altitude at interception »mst be




VI The Weather Box - Station Passage and Visual Aoquisition
Procedures

1. Prior to visual acquisition, vertical separstion from the system '
mist be maintained, nor-nyw!’n fost or more below ths:published 7’”"-”",’“‘:
a7 seindoop, An additional safety factor csn be obtained bty flying & 5

§
E

2. Upon slectronic oﬁﬁ.&n passage, slow the
airspeed (120 - 131 KIAS receamended) at which the weather bax will be

flomm. This slow down and ¢ into the weather box may be done in
any mumber of ways. h_voof are mentioned here:
3. Upon station passage motthcmtmfm,m«mr

during
conditions are achieved. m’w];tm‘mmdmm
descending pattemn is mos early deployment '
wm-mmMWmumumam
conditions have been achieved, and the loop deployed, it is recommended

that a level box pattern be maintained about 1500 feet below bases of
mmm- ’ .




VII The lock-See Pass

Once visual sighting of the parachute occurs, two types of inspection
passes may be made, namely with the aircraft rigged or unrigged for
aerial recovery. The unrigged look-see is normally performed at or
above 25,000 feet MSL since the aircraft should not be flowm
unpressurised above this altitude. The rigged look-see can then be
made below 25,000 feet MSL. - .

. A, ﬂ%}w- When making a high altitude, unrigged,
lock-see, eration must be given to the excessive rate of desc

of the system (greater than 2500 fym) and the reduced turning redius

of the airecraft. If a circling pattern is flown then the aircraft
shouldbokcptomlixnlntrutbemt-. When the parachute.
h@m_%mhtbhoﬂsw,atmtmﬁtbdncﬂumm
should be initiated, It is important to remember that at high altitudes
the aircraft and parachute are at about the same altitude when the
mt-appurotobocmortvomt.lmgthabmﬂndhhnthoﬁ.nn.
Thclook-nopus.hwldcmetbemmutomsjmttoﬂnhﬁ.ot

desired level off altitude and not below, ‘The landing gear should be
rd.ndjust.puortolmlcrtmthcmpmtom. The .
‘ advantages of a low speed descent are: '
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a. Allows aircraft to remain close to the parachute
system, '

b. Usually easier to maneuver.into back-up position
behind primary airecraft. . : _ '

¢. Places less stress on aircraft in turbulent weather
conditions

d. Allows aft cargo door ramp to be opened if desired
while still descending,

The disadvantages of a low spoed descent are:

' 8. At higher altitudes the descent rate of the parachute
system and aircraft are approximetely equal, :

b, hkulcngor.toarunctduiudquwomddcplq
asrial recovery rig than when using high speed descent.

3. Possibility of forgetting to raise landing geer exists.

B. - Itthodrmtt.nldngtholohuummod
to act as orthmurmn,thoutdninbhnttom
thutcanbono\misthouuodloohn. When using this procedure, the
unm-mmualmmmmnmmmdwmorto
the Looksee: pass. Slowing and rigging is normally done at 18,000 to
20,000 feet MSL, weather conditions permitting, Obviously, this procedure
.canuu.ybouod,\dnntho‘urcruthpaitimdcluctothodum
Mmﬁﬁwa”tduldwmcmuum. Onoce the
wumurwmmm,mm-mmcmmw
m.mmmu.mwowmmmuutam
parachute to arrive at his altitude. Many variations of this ) '
are of course possible. m-m,mmmncomuumn
u,wonmamm-mmmmuwcmcmuonnu

1. AJluwo‘i.toﬂ(nrmﬁtorurinncmryinm
event of difficulties. '

2. Allows the aircraft to stay close to the parachute at all

. Uamhmomumrutocmhck-uppaium
since pi.c. is not distracted by procedures and/or difficulties of
rigging aireraft, momucwumwuingmhaproemn,th.
pilot should -pnuuot.omcmmm'mmmuuma
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Lo ‘lhorocmqparqunlcpcmautdotwwzéc
8q. fest of area inboard of each pole when extended.
& distance of 20.5 feet between pole tips and a verti
18 fest from the outer skin the ramp door to the pole tip. The

successful recoveries have been made with contacts outside the pole areas,
this is not desiradbls. Zones 1, 2 and 3 represent the areas of highest
probable success. Zones 5 and 7 are the next most probable areas while
6,kandamthchutwoubhand1mtdniublomotcm.
An example of actual statistical data compiled from April 1964 to Peb
IMh-mmtdnmqumdMnams

TOTAL SYSTEXS WORKED % SyocessruL

1 954 | 200

2 319 200

3 236 100

5 m | s

7 | 52.9

6 02 89.2

4 1 Q.2

8 — —TheO
TOZALS 2233 97.2
nmm%mmu%wmgwmm?
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on an aerial rec
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FOR-OFFICIAL USE-ONLY—

1. mmmwwmm, with respect to a '
descending system, has been minimized in the sext simply because no tawo
pilots, aircraft, atmcspheric oconditions, or recovery situations combine
in the same fashion twice, ‘

2, The tibulated data in figure 11 is from an E-68 caputer, the AFN
ﬂ-37tmportmeehutmdthncubindmphulh. .

3. The charts, in themselves, prove very little than an experienced
mm'mmmmwuwumt.mmdmm~mum
feel, rmmmwuvmmwwm,ﬁm
pmmtvuiedpttmuﬁdtodlwdsmleqwhmoremm
effects, :

s. nmummuammmm,mmmotm;
bank angle shomn to scele with elapsed time, system altitude loss,
and maximm distance from system listed.

b. meim:ménmamnmmm:m;w
drop patterns - mmmmmmmmmm.

c. Iigure Three:

(1) Mnmm varies widely between pilots when a
dast mimite, lowwo‘pttmhnm. The mmbers on this
probably differ (p]mundﬂm-)thmdothcathorcm
actual experience. _ ‘

_ (3) Two complete 30 degree and 45 degres. bank, 20 second tear
begiuning At 3900 Lot ity i mele, the X S 2100 Fort 1 srer iree
a on a ("
contact the system at 500 feet. : )
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