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NOTICE

The invention disclosed in this document resulted from
research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Administration.
The invention is owned by NASA and is, therefore, available
for licensing in accordance with the NASA Patent Licensing
Regulation (14 Code of Federal Regulations 1245.2).

To encourage commercial utilization of NASA-owned inven-
tions, it is NASA policy to grant licenses to commercial

concerns. Although NASA encourages ndnexclusive‘licensingA‘

‘" to promote competition and achieve the widest possible utili-

zation, NASA will consider the granting of a limited exclusive
license, pursuant to the NAéA Patent Licensing Regulations,
when such a license will provide the necessary incentive to
the licensee to aéhieve‘early practical application of the
invention.

Address inquiries and all applications for license for
this invention to NASA Patent Counsel, lLewis Research Center,
Mail Code 500-311, 21000 Brookpark Road, Cleveland, Ohio, 44135.
Approved NASA fofms for application for nonexclusive or exclusive

license are available from the ahove address.
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NASA Case No. KSC-11042-+

- TECHNICAL ABSTRACT

System and Method for Refurbishing

and Processing Parachutes

A system and method for refurbishing and processing
parachutes is disclosed in Figures 1-11 of the atrached drawings, including
.an overhead mbnorail conveyor system on which the parachute is suspended.
for horizontal conveyance; The parachute is first suspended in partially
open tented configuration wherein open inspection of the canopy is permitted
to remove debris and inspect all areas. Following inspection, the parachute
is transported by the monorail conveyor to a washing and drying station with
the parachute canopy mounted on the conveyor in a systematic arrangement

“which permits water and air to pass through the ribbon-like material of the

canopy. Follbwing urying of the parachute, the chute is conveyed into an
interior space where it is finally inspected and removed frorﬁ the monorail
conveyor and laid .upon a table for folding. Following folding operations,

the chute is once again mounted on the conveyor in an elongated horizontal

deployment bag.
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EMPLOYER: John F, Kennedy Space Center, NASA
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. configuration and conveyed to a packing area for stowing the parachute in a




1 of ibhae lnvention

The probluas dnvelved Sn handling very hoovy,
bully oand Jaryce parachutes such as Lhose usaed in the spocee

projsrom reguirce consioerable attention. Parachutes ranging

(84

from 54 to 115 feet in diamcter are coamonly usced which moy
waigh up to ont and a half thousand pouﬁdu dry and tue and

& ballf thoucend pounds wet making it extremely difficult to
wash, dry, repailr and pack tha parechutes for reuse. horeto-
fore, parachute buildings have been vtiiized having vertical
10 towers wherein the parachute is hung for rcfurhbiching opexa-
tions such as drying and waching. The flcw of the refurbich-

-

ing process goos frowm a horizontal transport at the receiving

o verticzl flow up and down the tower and then
back +to horizontal for inspeciing and £clding the chute at
15 the end of the process. Major parachute handling requirements

and prehlems exist at each interface.
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Suininy ol the Invenbion

Tt has bacs found thot a systom and method for
rejurbiching and processing a ribbon pasachute of the typc
heving a canopy which includes a plurality of gore sccticns

wiih radial lines delineating between adjacent gores texr-

(93]

minaiing in a common apex portion. The system and method

-

cze providoed by arranging the parachete canopy in a

saytinlly-onzn tonted configuration {or defouvling and

roe

inspeciion bencath a scction of en overhead ceonveyor. Tha
10 overhead conveyor is provided by & monorail conveyor sys
havirg a horizontal conveyance path. The parachute is suc-
pendad from the monorzil in a systematic arrangement for
trersport to a washing station wherein the parachute canopy
is wached. Without changing the arrnagement of the parachute,
15 it ig conveyed to a drying station wherein the parachute

canopy is dried. L& folding station is provided wherein the

canopy is ingpected &z it is removed from the cohvéyog anc
. . ‘ S reccnditioned@ and folded with the suspension lines‘taékeg.
The parachute is then ready for packing into a deployment
20 bag and is raised to the moncrail and conveyed to the pacliing
area. Assembly line processing is afforded for large heavy
parachutes having diameters of 50, 115 feet and more by’
seéuentially conveying the paracb;te canopy suspended in a

predetermined arrangement in a horizontal path to the washing,

25 drying, folding and packing stations.




recordinaly, an dmvortent chiyccet of the inveautioen
is to provics a sy-tow and wothod for refurbishing and

procesnine parashuites vherein the parachute is mounted on

21, overhaud conveyor syslom permitting a horizontal op-
5 vherein the povachute is tyansportied easily through any and

2ll mzjor processing stetions with a high degree of mok:idlity.

[

Anothcr importunt clbject of the present invention
is to provide a system and method for refurbishing parachutos
vherein the parachute is mounted on an overhead conveuo:

10  in prescribad hanging patterns affording effective preccessing

at each of the scpayrate operaticonal stations.

£ill ancthexr important object of the present
inventicn 1s to provide a systom and method for raf

parachutes wherein the canopy of the parachute may be opencd

15 for inspection without reguiring a larce structure or gpacs for
supnorting and housing the parachute. | .

Yet another irrlpo'rtarit object of the present i'n'vexlltion
is the provision of a 'system and method for refurbishing and
processing parachutes wherein all of the processing stations

20 are connected@ by a overhead monorail conveyor in a horizontal

path affording qsgembly l,i,ne processing for parachutes.
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Bricd Poescription of bthe Drawing:s

the construction designed to carry oui the invention
will e hercinafiter described, togethes wilh other foatuvroes

therxeoi.

5 } The inveniion wilil be meore readily vnderstood frem a2
reading ¢f the following specification and by reference to the
accompanying drewings forming a peart thereof, wherein an
exanzle of the invention is shown-and wherein:

Figure 1 jllustrates a parachute of the ribbon
10 typa construction wlhich may bec refurbiched and processed in
accordance with the syetem and mothod of the preseni invention;
Figure 2 is a flow diagram of the system and
method ci the present invention for refurbishimng and process-
ing parachutes;

. 15 . Figure 3 is a schematic illustration of.the
different working stations in the system and method of the
present Invention;

Figure 4 is a perspective view of a section of an
i overheaéd monorail conveyor which is utilized in accordance )
20 with the system and method of the present invention for
transporting the canopy of a parachute in a systematic
arrangment;
Figure 5 is a perspective view of a washing station,
a drying station and a folding and packaging station as
25 utilized in accordance with the system and method of the

present invention;
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Figw e 6 oinoa schowetic nide clevationad view of o

parachucs canopy susponded in a tented configuraticn Dor o

fLouling and ingpoectien operations in accordance with the

and method;

5 Goaure 7 is en end viow of the parachule canopy as
- - cuspended in Figure € illustrating the partially-opoen tentad

configuraticen of thce canopy;

Figure 8 is a schematic side clevaticnel vicw of a

parachute suspended from a monerail conveyor in a systematic
10 arrangement for washing and drying operations in accordance

with the present invention;

Figure 82 is a schematic view illustrating the

mounting of the suspensicn lines on the conveyor;

Ficaure 8 is an end view of the canopy as suspended’

1s in Pigure g; ’ . : -

. - . R

Figure 10 is a schematic side elevational view of
a parachute cancpy suspended in a folded configuration from

a monorail conveyor in accordance with the present invention; and

_ Figure 11 is a sectional view taken on the line

20 11-11 of Figure 10.

25
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tially cf the canopy and a plurality of vertical xihbk
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pDosceription of a Prefemrad DmLodinont

The invention relates to the refurbishiyg ond puros
cessing of parachutes cnce they have bean recoverced from use.
Iy particuvlax, the invuntion rclates to roefurbishing ritsl:on
paxruchates ef the type having a canopy which incluedes
rlurclity of gore scciions 10 with radiel Jlines 12
dclincating Liobween adjocent gore sectimns.  The radial
linesr can he traced starvting at the skixt 22 through tho cenopy
gores 10 to the vent l4a at the wpex 14 of the parschuta and
then back Lo the skirt. The canopy is completed by a plurality

of spaced hcerizontal ribbon strips 16 which extend ciycumferen-

vwhich are bound with the horizontal ribbhen strips 16 {0 makc

up the cenopy material. Suspension lines 20 are then connected
to Lhe skirt 22 of the canopy at each radigl line with the ends
of tra susrcncion lines 20 being connected to the payload P,

The different steps in the refurkhishing ans

procecssing of the parachutes are illustrated in the block .

-diagram of Figuvre 2 wherein the parachute is initially unlcaded

at 24 which normally involves unreeling the parachute from

a spool. Next, the paraéhute undergoes a defouling and tenting

operation wherein a worker may walk around and into the canopy

to remove debris and inspect it for damage. Untangling of

the canopy and suspension lines is also carried out in this
operation. After the iniaitl procedures of unloading and de-
fouling, the chute is then mounted to a monorail conveyor where-
upon it is transported to a washing sequence at 30 and a drving

LI

ORICINAL PAGE 8
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cogaenes ol 320 Yollowing drylnyg, the poarachute i conveyced
to un interier gspace where it undergoes a firal i.:specticn,
repaix and folding preccedurce at 34 and ix then mountced on

the menorail and conveyed to the pocking arca 36 for stowino

[92]

into o deplovient bag 50.

Figurce 3 illustrates the various working stationo
of the systen and method of the prescnt invention including

s rormally uced to unlo:d the

-

a docl 38 where a forhlift
spool upon whicﬁ the parachute is wound from a trvck. The
10 parachute is then unrolled from the spool underneath a
section 402 of a monorail conveyor 40. The parachute cancpy
is suspended on the conveyor section 40a in a marnner to
be more fully hereinafter explained, for the initial defoul-
ing and tenting operations. The monorail conveyor extends
15 through the washing station 42, the drying station 44 and
then makes entrance .into’.the interior of a building 46
- . K ' ‘wherein itzpagscs over a folding table 48 or floor folding

area. The pearachute is removed from the mecnorail over the

U]

table 48 and folded whereupon it is again mounted on the mono-~
20 rail conveyor in a folded configuration for being conveyed
forward for packaging in the deployment bag 50.
In Figure 4, the monorail bonveyor is illustrated
as including a single rail member 52 upon which a parallel
rail 54 is mounted by way of U-shaped brackets 56 and rollers

25 58 which roll on horizontal flanges 52a of the rail 52.




Foopduendity of trinovoerse hanger Lass o0 ane scecused?

raid 5S4 Ly means ol

coerew Lol 6. BEach hangew bar 0
inelwics a plurality of hanger hooks 62 depwending duwanvardly

thereivon in thoe form of clongated I-bolis which ore secvied

5 to the Panger bor 60 by wcans of suitable nut membexz:. The
hanger Luars and hecks providc atttachment means by which ihe
parachutae cuncpy and sunpension lines are attached to the
moncraeil convewer for suspending the cancpy in the diiferent
systemutic avrrangcemanto,

10 . The individual rails 54 and the nunber of bers
may be varied as reguired by the size of the parachute keing
The conveyor r&il or rails so provided may bo
wanually rolled over the monorail 52 or a power drive
proviced, _
15 In Figure 5, the washing station 42 can be provided

¥ & <at.etrructure haging side walls 64 which diverge upwardly
terminating at and égpporting a flat roqftqp 65. The ends of
the washing va£ 66 are QrOQided with hingﬁd door‘members
68 which are also tapered 6utwa;dly in the upward direction

20 so as to fit in the space defined bastween the side walls 64.
Thé end doors 68 are lifted upwardly in order to swing open
about hinges 69 and zre closed by swinging thetdoor'flush‘-
with the side walls 64 and dropping it tp the bottom providing
a waterﬁight’closure at each end of the washing vat. With the

25 parachute canopy enclosed in the washing vat, water may be

delivered in any suitable manner such as by spray noczles




aleng the lengdh of the vat in any snoi table arvangomeni.
Luriag the wémhing, salt accumulated from the salicater in
which the rarachvtce has landed will Lo removed as well as any
other fercicon matter. -

5 The monoruil conveyor then e:tends through the
érving station 44 which includes side walls 70 and two oi:cn
cads thrt arce clogsed during the drying periocd with a dropn
curtain 73. A plurality of bLleowers 74, 75, and 76 ara
pfovided which are connacted by way of tubuvlar ductis 745,

10 752 and 7Ca into a common manifold outlet 78. The manifold

air from the blowers which is heated downwardé through the
cancpy material for drying. The monorail 52 then enters
a pair of swinging doors 80 of the building structure /%

15 which houses the inspecting, repairing, folding, znd packing

operations.‘ It will be noted that the monorail 52 is

5
[97]

supported as reguired by overhead frams members 82 spaced

.along the conveyance path. "If desired to have a portizabl

&l

installation, the entire system can be supported by these

20 frame members 82.

Figures 6 through 11 illustrate the systematic

. - - -t - - arrangement of the parachute on”thé~m¢horail conveyor 40

during the various refurbishing procegses. For the initiel
defouling and inspection operations, the parachute is suspended

25 in a partially-open tented cofiguration as best seen in

-10-




Figove /o 4 this condigeration, cortain oncs: of the gore
secviong 10 are sproad oul and susvonded enal:ling & workoer

to woll arcund and into the canopy for inspection. The

:d o1 100 while the

remining core scchiops romain fold

5 o gore scctions are inspzcied.  Releusable means {or

rs 84 heving

abile means csuch as elzxusitic choch cord mo

end hools &86. A5 cecen’in Figure 6, tho shock coxd is
attuched L6 a support struvcture §7 and the hooks to radial

10 lincs 12 of the cancopy. Additional hooks 86a may be
attached to the section 40a c¢f the monorxzil convayer and
to enother radial line 12 forming the tenit. The releasallc

s 84 ané hozkc £46 and 86a enable the suzpended goro
sections to be readily detached and rotated anéd repvlaced by

15 a folided gore section 10a so that the entire canopy may be
inspected and dervouled by rotatably viewing certain ones of

- the gore sectionsg at & time reguiring only a limited amount

of .space.. .. .

During defouliné and‘inspection, it is contemplatced
20 that the canopy A and the trailing suspension lines 20 be
placed under tension in the horizontal direction of arrow "a'.
T e e e “T“”“ThiS‘keep5”the“canopy’and';ineS”taut’enainng'more“éxpédieﬁt"
untangling and inspection of the parachute. For this purpose,
the free ends of the lines 20 may be attached to a common
25 bar or dolly 85 which is then drawn out by any suitable
stretching devices such as a rachet operated‘winch until

a desired tension is placed on the canopy and lines.

-11-
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Figures 8 and 4 ilinstirsis the systomatic aroangoment
of the Udnuby and suspension lines on the nonorsjl cosvis ox
40 during the washing and drying operations which poositos
the water arnd air to flow through ihe riblen-lilke motorial
5 of the canopy in a highly effoective manncé. In this arrangemeni,
thae canopy is attached to the monorcil by means of the

hanger hools 62 at differaont peints along the length of certain

ones of the radiul.lin;s 2. In the illustrated
the cancpy is suspended by bunging cevery fifth radial linc
10 on a hanger hook 62 providing a two-gorxe hanging arranycmiznt
wvhere two geore scctions depend on either side of cach hook.
nus, the outermcei sidez ¢f the suspended canopy consist of
two gore section:s 10b deperding on either side from the
cutermost heoks 62 and two botitom gore scctiorns 1l0c oriended
15 undernegath the dercnding gore sections. Of course; it is to
be understocd that other hanging arrangements may be had as

defined hy the relationship n = 2G + 1 where n is the repeti-

tive number of radial lines which are attached and G is the

. *

cdesired number of goxe sectioné depending on eithar side of
20 the point of attachmen£. Thus, as illustrated, n is equal
to 5 and G is egual to 2. The particular arrangement of a
two-gore hang (G = 2) has been found to provide a good arrange-
T ment for élééfénéé”df“the*ﬁashingvand"dryihg'buildingS“and'W""w'
effective washing and drying. It wiil be noted that the
25 canopy‘is illustrated as being transported on the monorail
conveycr 40 with the apex» portion 14 being conveyed forward-
most. As seen in Figure 8a, the suspension lines may be hung
or draped over transverse rods 88 in any suitable arrangement
which are carried by a secéidn of rail 54 trailing the canopy.

30
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Pying Opeviation::, thu

'ollowing wi
Ccanely Aois conveyed over Lhe Lolding toble 482 o flens fold-
ing avca whercupon it is removed frow the nonorail cors

and fcldcd in a suitable arrangomen? for packeging in the
5 deployaent. bag 50, Figure 11 illustrates a preferyed foue
for the folding of the canopy wiherehy the gore sectione arc
folded in iwo stachs off folds %0 and 9z. TFollowing {oldivg

in this ier, the canepy 3.5 harnessed by a plurality of

strans §4 which cncircle the folded canopy and are atiuched

10 to the moncrail conveyor by means of the hanger hootc (2 ac

shown in Figure 10, The folded canopy and the trailing sus-—

as it approaches the packing container 51 ard packed into
the F~=ployment bag 50 therein. The suspencsion lines 20
15 trail the canopy and are packaged in & like manner,

As an alternate step in the refurbishing and pro-

ceésing-system and méthod,:the parachute may be arranged in
the tentea cgnfiguration similar.hé Figures 6 ané 7 priocr
to being removed from.the monorail and folded. This is for
20 the purpose of making a final inspection and making mincr
repairs such as séwing and stitching of the material of the
parachute which may need repair.  During this time, the
suspension lines and canopy are placed under tension in the

longitudinal or horizontal direction as heretofore discussed.

25

-13-

pznsion lines 20 eére conveyvad forward and the cancpy is removod
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Thus it can e zeen that an advantagoeous oyois s
and method for vefurbiching and procoescing parachutes

Le had in avcordonce with the prescal inveaticon whoreb:
parachute mebility is achieved during the refurbishing

_

5 process o that the parcchute may be transported easily Lo
any and ull wajor processing stationsz.  The systomatic
arrancement of the parachute con the monorail conveydr
proevides efiective washing and arying cwnerations as well
as providing vnigue inspaction cf the rather large canopy

1.0 in a limited amount of spacc. The tenting operation enakles
the larce canopy to be opencid in paris so thot the worker:

may walk eround and inside the canopy for deiouling,

cnoard repzir. The monorail 1s a conveyance sysitei

[

inspect

vhich extends throucgh all of the major processing stations

15 which p2rmit continuous assembly line processing cf the
parachutes. . . ) i

‘While a preferred embodimért of the invention
has been described using specific terms, such descriptien

is for illustrative purposes only, and it is to ba understood

20 that changes and variations may be made without departing
- - e e fxOm _the spirit _or _scope.of the following claims.. . . __ .

25

-14-
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SYLTHY AND M
hilly PROY

ABSTRACT QLY ik DYOSCLOSURY:

A system ond motihod for refurbishing aud procoessing

1

5 parachutes is disclosed including en overheuad monorad
i

convavoer system on which the parachute is susponded for

ot
4]
[
{n
T
¢

herizentel convevence., The parachuis ig firs

in partially open tented configuration i

inspaction ¢f thxe cancopy is permitted tc remove de

10 and ingpect all areas. Following inspection, the para-

chute is transporitcd by the monorail conveyor to a vashing

and drying staticn with the parachute canopy mounted

cn the conveycor in a systematic arrx
water and air to pass through the xibbon-like material cof
13 the canopy. TFollowing drying of the parachute, the chute

i to an interior space where it is finally

0
2]
[¢]
]
<
(]

]
0]
¢
e
=]

A

spected and romoved from the monorail conveycr and luid

-
o

t

. upon ‘a- tableé for folding. -Following folding oparations,
the chute is once again mountéd on the conveyor in an
29 elongated horizcntal configuration and conveved to a

packing area for stowing the parachute in a deployment kag.

Origin of the Invention

The invention described herein was made by an employec
of the United States Government and may be manufactured and used
25 by or for the Government for governmental purposes without the

.payment of any royalites thereon or therefor.
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