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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 attached drawings, including

an overhead monorail 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. Following urying of the parachute, the chute is conveyed into an

interior space where it is finally inspected and removed from 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

configuration and conveyed to a packing area for stowing the parachute in a

deployment bag.
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EMPLOYER: John F. Kennedy Space Center, NASA
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Baoh.cj.'rourtO of t.lii- lnvi.-ni-i.on

The pro!i.l.-.in:; involved' :;.n handling very hc:;-.vy,

bulhy ond Jarijc- parachutes such as those uyod in the spr. cu-

pro:;r;>n require considerable attention. Parachutes rangini;

fro:;; 'J'.< to 1.1L; feet in diameter arc? conraon.ly used v.'hich m-y

w-:.-ic;-: up to one anil a hai.f thousand pour.c:; dry end t\;o ar.cl

n 11.-.-..1.J: thou::sr.c! pour.<3f. v;et making it e:-:trp-.!;iely difficult to

wash, dry, repair and pac): the? parachutes for reuse. Hereto-

fore, parachute buildings have been util; y.efi .having vsrtd.c?!

tov;err, v.'herein the parachute is hung for refurbishing opera-

tions such as drying and washirxj. The flcv; of the refurbisli-

ing process goc-s from a horizontal transport at the receiving

end through a vertical flow up and 'dov.-n the tov:er and tiicn

bac!: to horizontal for inspecting and folding tho chute at-

the end of the process. Major parachute handling requirement:

and problems exist at each interface.

20
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Sui:i;!!c:j'y of tin; J.iivoii t.i.uM

It has L-.!C:;'i found that.a uyr.ti.-ia and method for

rcj. urbichiiicj and processing a ribbon parachute of. the type

hr.-.vincj a canopy which includes a plural.i ty of gore sect:! e::.~

5 vi L:i radi;;l lines delineating between adjacent ge.vci; ter-

minating in a comr.-on apex po.vtio.'i. The system and nethocl

are prov.i.dci.'! by arranging Uie pariichutfc canopy in a

v-art-i .M J.ly-opi;; tc-jitcd confi yuratj.on for clefouling end

inspection beneath a section of en overhead conveyor. Tiic-i

10 overhead ciwvsyor is provided by a monorail conveyor syst•:_":•.

having s horizontal conveyance? path. The. parachute is sur-

pendc.-o frorii the iRonoriil in a systematic arrangement for

transport to a washing station wherein ths parachute canopy

is vrciched. Without changing the arrnagemant of the parachute,

15 it is conveyed to a drying station wherein the parachute

canopy is dried. A folding station is provided wherein the .

canopy is inspected r.n it. is removed from tho conveyor and

reconditioned and folded with the suspension lines tacked.

The parachute is then ready for packing into a deployment

20 bag and is raised to the monorail and conveyed to the packing

area. Assembly line processing is afforded for large heavy

parachutes having diameters of 50, 115 feet and more by'

sequentially conveying the parachute canopy suspended in a

predetermined arrangement in a horizontal path to the washing,

25 drying, folding and packing stations.
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Act:or<l.; >:<; J Y , •'"; iiv.>.-ortr:u'.. c.:;>;ic:-c t o.f the invr:i i'.ion

i:; to prov:i('- is sy.-'ti.'ii1 ai;i: ;..r. thou IGV refurbishing u:ir.

proc-.'•:;:•• in?: p;\rtic!;utn:-; \.-ho-cin the p;n:achutc ii; mount a r on

cii.- ov'.:j')".''.;:ul conveyor s\ :;i.c;-! pcrniittiny a lioriaontu.l op-- .c-'; tio:i

5 wherein the pavac-huta is traiiKporLed eiisily th):oug}i c-.ny nr.'d

all rKJor p:..-occ'.-,.'..incj statioi.T- with a high degree of mobility.

Another important object of the prenent invention

i.s to provi-Jc 2 system arid nv.';thod for refurbishing parachute.-::;

wherein the parnc-l:ute is Mounted on f:n overhead conveyo.v

10 in prescrihad hanging patterns affording effective processing

at ea'jh of the separate operatio-n.il stations.

Still another important object of the present

inventi.on is to provide a system and method for refurbishing

parachutes wherein the canopy of the parachute may be opened

15 for inspection without requiring a lartje structure or space for

supporting and housing the parachute-.

Yet another important object of the present invention

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 assembly line processing for parachutes.

25
ORIGINAL PAGE IS
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]•;.•-:.<;A i:/..'. ; ;,'o. )•;:;(•-.'U 0--2-•i-

br.'Li.f '"'•.•surii'L.i.cjii of Hit-: Urowiini::

The c:i->n:.itructioy! c'lor.icjnecl to carry out the invention

will bo hereinafter clescribv.u, togotJn;^ with other £ on trr •;•::•

thereci.

5 The jnvojjiion will be more rr-adi.ly understood f):or,i r.

reading of the following specificaticn nncl by refere:r.cG to the:

accorr:p;-:)-;y:i.Sig clrav.'ings forming a part thereof, wherein an

e:-:ai.'iplc- of the invention is shewn-and wherein:

Figure 1 J1lustrates a parachute of the ribbon

10 type -construction w.'.ich may be refurbished and processed in

accordance with the; system and method of the present invention,

Figure 2 is a flow dir.grsm of the system and

method of the present invention for refurbisliir.-y 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

overhead 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;

-5-



I-;;.:- cv;.';.': :;o. n:;c- 3 i c - i :.•-.•'.

Fill1.!.1 ;• ("i :!:'• ii !.;clii »:.;i.ic .'".idi.- clcivatioji^J viev; oT ii

po.ri'iLjiiuLo canopy mis; ••-ir.i'Jv.'d in a tented coufifjiir.'i!..! n:; for ĉ :.---

louli:r:u and ijjupi'ctic-n oporaLidiiu in accordniicc v.'it'a tliu j.-ret"or. Jc

sy-it.-jin and mc-tliod;

5 Fj qurc 7 is CM end vic.v; of the parfjcliutc canopy ;:>--

cu.'-pendod in Figure 6 illustrating the partially-open tentcc1.

COP.Iiguration of the canopy;

Figure 8 is e. schematic side elevation?: 3. vicv; of. a

parachute suspended fror,', a monorail conveyor in a systematic

10 arrangement for washing and drying operations in accordance

with the present invention;

Figure 8a is a schematic view illustrating the

mounting of the suspension lines on the conveyor;

F-iniire 9 is an end viev; of the canopy as suspended

15 in Figure C; ' . '

Figure 10 i s a schematic side elevational viev: of

a parachute canopy suspended in a folded configuration from

a monorail conveyor in accordance with the present invention; and

jrigure 11 .is a sectional view taken on the. line

20 11-11 of Figure 10.

25
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L)(•.:-.(,-r.-•'i.ition of a Pj.-t-'l.'urri.id SJv.ibodi in t 'u t

The invention relates to the rcfurbir;hii.-^i u!vJ pro-

cessing of parachutes once they huvo be-'in rec'.iVuroo fro:u i;:;o .

1) p,-irtic'o3ar, the invention relates to refurbishing ri'/.-'O::

5 par^c!'.ut--?L: of the type- having a canopy which : nc.1 n'!'_•:.•. a

plurality of gore sections 10 with radial lines 12

dclinvjatiii-j between adjacent gore sections. The- radial

liner can be tr.'-.cec! starting at tin skirt 22 through th.̂  c;.::̂ py

gores 10 to the. vent 14a r.t the c.ptx 14 of the psrachuta ar.fl '

10 then back to the skirt. The canopy is completed by a plurality

of spaced horizontal ribbon strip/; 16 which extend citcur.ifei.ven-

tially of the canopy and a plurality of vortical ribbon: 18

which are bouncl v.'.i.th the horizontal ribbon stripe 16 to make

up the cr.nopy material. Suspension lines 20 are then connected

15 to the skirt. 22 of the Cc.nopy at each radial line with the ends

of t'•••'.'. R'.isr-cnr: c-n lines 20 being connected to the payload P.

The different steps in the refurbishing ar.--

procecsing of the parachutes are illustrated in the block

•diagram of Figure 2 wherein the parachute is initially unloaded

20 at 24 which normally involves unreeling the parachute from

a spool. Next, the parachute 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

25 operation. /ifter 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 drying

Q̂ T{}̂ N;AL PAGE <b
OF* POOR QUALITY
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;:••>;;/. CA:;I-; ;,••.-. !.:'•(.: .1; i.•';:.'-A

::c;j-.!'.-i.'(.:-.- at :i2. I'olJ ov.'.i ny uryiiiy, tin: p.-'.ruchui.<.- i:: convuyu'.'

to ;n-; inturi or sjpact' v;!ierc it undcryot.T. a fina.l. inspection,

re-pair a;Hl foldsmj precur.iuiro at 3-1 and i;.. then mo; in tod on

the monorail niv'i corivcvod to the pocking area 3f> for 5tov.'i:>o

5 into a deployment bay 50.

Figure.? 3 illustrates tlia various; v/orking statio:'::;

of the- cystcre and Method of tl:c present invention includj.iiy

a doc'. 38 where r. for'ilift is J':orinally uced to unlo.r-d t!ie

spool upon which the parachute: is wound from a true!:. The

10 parachute in then unrolled from the spool underneath a

section <10a of a monorail conveyor 40. The parachute canopy

is suspended on the conveyor section 40a in a manner 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

wherein it 'passes over a folding table 48 or floor folding

are.a. The parachute is removed from the inonorail over the

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 conveyor 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.

-8-



',•!/'.•:'•:•, i1.".:,.1: •;;•:.). K..V- "l . u i '> : : - -~

/•, j'.O i:j.;.:I.; t Y oi tr:..'u:v.M'.'.'.': JK!n<j-..-r lui •••;•; of) ,-s :.•:<_• sct:tj-':.••.? to i ' . iic-

rai..1.. 'j'\ by men!::- o.' ::.c-j:<:••>•.' !..-.jit. 0.1. Kiic ' i I I C : > K . J < . ' V bi.r {•(.'

inclU'.l-..-.s: a pluj.-aliuV of. hauler hooks 62 dL-j.iuntlincj d:>.•.->•'.••;;rdj.;v

thci'dro::! in the : 1'orm oi." oJ.onrjatL.-c; 0-bol'or. v;hicli c-rc i,cf;i1ioc:.

5 to the hanycr bi'.r 60 bj- means of suitable nut member-.. The;

hajujor L.;.:rs and heck:-; provide attachment moans by which the-

parr:chu(-.-.-. canopy and cu:ipcnsion lirics arc attached to the

monorail conveyor for Euspending the-: canopy in the d i f f e r e n t

systcmutic ar3:an:jc:;'e.nt.';.

10

15

20

The individual rails 54 and the number of b?rs

may be varied as .vecjuired by the size of the parachute beinr

procGGre;!. The conveyor rail or rails so provided may be

ir.anualjy rolled over the monorail !32 or a pov;cr drive i:uiy h<:

provided.

In Figure 5, the washing station 42 can be provided

by i. ..-.-if. =>ructure having side walls 6-4 which diverge upwardly

terminating at and supporting a flat rooftop 65. The ends of

the washing vat 66 are provided with hinged door members

68 which are also tapered outwardly in the upward direction

so as to fit in the space defined between the side walls 64.

The end doors 68 are lifted upwardly in order to swing open

about hinges 69 and r.re closed by swinging the door flush"

with the side walls 64 and dropping it to the bottom providing

a watertight 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 .-cr.ner such as by spray nozzles

_ 9 _



;!A:.:'i c... .•••!•: i.'u. K.'k'-o J ;; •;::-—

t)u- lenij'.'h of UK- vat in any i;n:i table iirri.!n'jc:iiie:ii. .

L'uri:u! Lin..- v.\'!:.:lj.-i JK; , nail; acc/iiiiiulate-u from the sa.l 1... \~ti_-r in

which the j-.arac-hutc has landed will bo removed a;-, well ar; any

Qt-.)ic;r fcroiyn ir.atlvur.

5 The monorail conveyor then extends through the-

drying station 44 which includes side walls 70 and tv:o o;.-en

ends th.';t arc closed during the drying period v.'ith a drovi

curtain 73. A plurality of blowers 7-1, 75, and 7G arc;

provided which are connected by way of tubular ducts 7-. a,

10 75a and 7fia into a corrcnon manifold outlet 78. The manifolc

outlet v:it!; adjustable openings at the botto.Ti delivers .the

air from the blowers which is heated downward through the

cancpy material for drying. The monorail 52 then enters

a pair of swinging doors SO of the building structure ̂ fl

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

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

supported as required by overhead frame members 82 spaced

• along the' conveyance path. Tf 'desired to have a portable •

installation, the entire system can be supported by these

20 frame members 82. '

Figures 6 through 11 illustrate the systematic

arrangement of the parachute on the monorail conveyor 40

during the various refurbishing processes. For the initial

defoulihg and inspection operations, the parachute is suspended

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

-10-



J-'.i cj.ii I.- /. j )-i t i i i s c-onJ .i ijiiVitt.ion , r:< rt ,\:i n one;:-, o.f the <;'jrr

KC-C'.: ic.i;::; .10 a.rc r.pvc .v.1 oui. and susj'nrxlff'i t'.nribliiin a vorh(-r

to wa]): around and into tin.1 c;n>opy for inr.pc-etion . The

remrijnincj c > o.'-'<?. ncct i or>L' reriain fol'.'ied ;rl. lOo while the .

'j oi.-.-u gore- 5-c-ct. i OML; arc in:;pc;c! ocl. Kelci:Scib.le moans for

re'U.'<i«;ibly r-uspc^ndijio t):c- c^inopy a::e provided by any cuit--

ablo n:c-;2ns cu";i r.3 e]..Hi.-tJc £;i)C'c'; cord ineirO.M-rs f>'5 haviny

enJ iTOCi'iD fid. As reen'in FJcurc (>, t?.-o t;liock cord is

attached td a support structure 07 and the hcc-hc to rudiol

10 liiicis 12 of the canopy. Additional hooks' 86a may be

attached to the 'section 40a of the. r.onor^il conveyer and

to en-other radial line 12 forming the tent. The releaisab]o

shock, cords 84 and ho^j-.c 06 arul SGr. enable the suspendec! c;o.re-

sect ions to be readily detached and rotated and replaced by

15 a folded gore section lOa so that the entire canopy may be

inspected and deiouled by rotatably viewing certain ones of

• the gore sections at n time requiring only a limited'amount

of .space.. . . .

During defouling and inspection, it is contemplated

20 that the canopy A and the trailing suspension lines 20 be

placed under tension in the horizontal direction of arrov? "a".

"" This keeps the canopy "and lines taut" enabTing more ""expedient""

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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20

25

i-i/ :;/i iv,:;;: KU. i'.i-1.'- J .1. '!•••.'••"•-<•

F.i <a)J:i.-:, f> iiml 'j j llns lr;: i <-.- the cy:~ tona tic .'.MTa)](j;.-ji:,:;)V.

of t i n - i:.i:ic>)-y jiii'i yu:;p̂ n.''..i.'-.j)i lim.:;; OH the r.iunuiv i 1. ct;;, v. -j oi'

40 curin'-7 {.hi; v;.'i.';!ii ju; ;;n(i drying o:--crr; tionrr. wh.j ch p'.-;.!.!.;. i:::

tliu w;i i-.e-r zr.'.l air to flov; tLrouyh vl'.-c- irili)-.(;-.i-lj ];c nic. t::riu.1

of the; canopy in a iiicjh.ly e/: f i..'C''.ive manner. In thl:; nrr:uiycnii.-ii C. ,

tb.o uanopy i^ attached to Hit: monorail by inc:Qi:s of! thi-

hc-inccr liooKs fi 2 i\t cliff orn:it pcj.nv.:: alonn the length of certcir,

ones of the rndiiil liner, 12. In th-s illustrated arromjc inc-rit ,

the cancpy is suspended by hanginy ovory fifth radial lii'ie

on a h.-.-.nger hooh G2 providing a tt-.-o-yore haiiging arrargc-,-i_'nt

where tv:o gore sections depend on either side of each hooh.

Thus, the outermost sides bf the suspended canopy consist cf

tv;o gore section:- lOb deper.-ding on ei'i liar side from the

outermost hooks 62 and tv;o bottom gore sections lOc c.-r.cended

underneath the depending gore sections. Of course, it is to

be understood that other hanging arrangements may be had as

defined by the relationship n — 2G + 1 where n is the repeti-

tive number of radial lines- which are attached and G is the
f • *

desired number of gore sections depending on either side of

the point of attachment. Tims, as illustrated, n is equal

to 5 and G is equal to 2. The particular arrangement of a

two-gore hang (G = 2) has been found to provide a good arrange-

ment" for clearance of 'the "-.-.'ashing 'and drying buildings- and -----

effective washing and drying. It will be noted that the

canopy is illustrated as being transported on the monorail

conveyor 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 section of rail 54 trailing the canopy.

30

-12-



.'.•••'..i:/i i. •••.:.:!•: NI... KSC-1J ii -I :':'. i

10

15

20

canopy A i;; convoyed ovvj: the: IcOJintj tc;l >!'.'• ^ U o: fJ (••;•;•: fi'IiJ-

iny 2::c-c.i v.'iicTOUMo;: it iu i'omoved from the ii.D^orail c •.'".•.•• c-yu.v.

ancl fo?.rk;u in a suitable.- arraiK,<:!nc-.!r'.-. for pnc!ugj.!ifj .111 t!ic

dcploy^cn'.. bag 'JQ . Figure 11 illur.trato;; a prci'orrc-i1 j.'or;.:

for tiiC: foldiinj oi the canopy v.'herehy the gore section-- arc

folded in i'v.-o r. tacks of folds SO and 92. Follov.-ing foi'Ji>-'.;

in this iviisniiftjr, thi-; canopy :.G harnessed by a plurality of

straps .SO which encircle the fole3.e:"l canopy end are. at l^chco

to the monorail conveyor by means of the hfanc-er. hoo!:r. 6'S QE

shov.-n in Figure 10. The folded canopy a.ud the trailing ?us-

pan.c;io!! lines 20 j:re conveyed forv.'Ercl and the. canopy is rernox

as it approaches the packing container 51 fend packed into

the <^-ployraent bag 50 therein. The suspension lines 20

trail the canopy and are packaged in a like manner.

As an alternate step in the refurbishing and pro-

cessing- system and jnethod, -the parachute may ba arranged in

the tented configuration similar to Figures 6 and 7 prior

to being removed from the monorail and folded. This is for

the purpose of making a final inspection and making minor

repairs such as sewing 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
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Thus it can )/o KOI.-JI that an aclvan L.UJ^OU:; r.y-i.'. >'•'•

a:i-1 i!t...l.jio'J for re.f ui bir.-iiiifj and proc-:'SL:in<:j parci'jhut.r.-::. '.:.:•:)

bo had in accordance-: v.'j th the present, invention whcrrijy

parachute mobility is achieved during the ref urbir;h; ny

5 pioce.ss EO that the parachute rni-.y be transported easily tc.>

any rind all major procfssinfj static!::-.. The systematic

arrcinc;cr,K=j-rL of thc^ paraclnite on the nior.orail conveyor

provides effective v:n;;hing ^iid drying oporation.'.: ar. v.'cll

as providing imique inspKCtion of the ratlier Isrge canopy

10 in a limited amount of space. The tenting operation enables

the larcc canopy to be opened in parts so thuVc the v:or):crt

ir.ay walk around and inside the canopy for defouling,

inspection ar.d. rcp^::r. The monorail is a conveyance system

which extends through all of the major, processing stations

15 which permit continuous asser.ibly lir.e processing of the-

parachutes. . - .

' V.Tiile a preferred eiribodiir.er.t of the invention

has been described using specific terras, such description

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

20 that changes and variations may be made without departing

.. ,. - — from _,the s pir it .or _scope., of .the, -.following^ .claims ., „:.

25
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Inventor:. Russell T. crowell
NASA/Kennedy Space
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Filing Date: 5-30-80

V! Ar:i) riK'i'jSi.'ii K-K Ki-N-'
AND l'J-;O'JK.'J;-J.nvG I'AK/^.i/

ABSTH'iC'J' OF r.-K Dir.CJ.O.'jUK̂

A system end met hoc! ior refurbishing and p/.ocorcj

5 parachutes is disclosed including a:> overhear'! monoruj j.

conveyor system on which the parachute is suspended fi.r

hcrizoi;tal conveyance. The parachute i.s first suspendcc!

in partially open tented configuration -,;hercin open

in;;pactio;-; of t::-c canopy is permitted to remove d&Lri:-;

10 anrt inspect all area3. Following inspection, the para-

r:h»t'_' is transported by the monorail conveyor to a v:-;n;hi.r.g

and drying station v.-ith the parachute canopy mounted

en the conveyer in a syste.mstic arrangenieiit v.:hic!i per:i.itu

v.'?.tor and air to pass through the zibbon-like material of

15 the canopy. Following drying of the parachute, the chute

is conveyed into an interior space where it is finally

inspected and removed from the monorail conveyer and la.i d

upon'?/table for folding. -Following folding operations,

the chute is once again mounted on the conveyor in an •

7.0 elongated horizontal configuration and conveyed to a

packing area for stowing the parachute in a deployment bag.

25

Origin of the Invention

The invention described herein was made by an employee

of the United States Government and may be manufactured and used

by or for the Government for governmental purposes without the

.payment of any royalites thereon or therefor.
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