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ABSTRACT

The develoupment of an improved closure system for the construc-
tfon of flexible engine contziners In conjunction with the develop-
ment of new barrier materials (PTPT Report No. 76-21) has been
completed. A thorough study of designs, materials, and marufactur-
ing processing was conducted. An extruded polyurethane standup
closure met the reguircmeunts for efticient copening and closing and
providing a controlied environment for protection of military
hardware when installed an the new improved flexible engine
coatainer (PTPT Report No. 76-21). Field tests are recommended
before approval of production quantities.
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INTRODUCTICN

The puipose of this project was to develop a closure system to
provide an efficient opening and closing device, easy and simple to
operate whizh when installed on a MIL-C-9959, "Container, Shipping
and Storage (Flexitle)", will provide a controlled enviromment for
storage and protection of military 1tems. ’

This report outlines the history of the development program, the
deficiencies in the present state of the art, closure designs and
evalitatiuns by All American Engineering Corporation, Global Chemical
Syst:ms Incorporation development work, testing and evaluation, and
describes the successful completion ¢of a satisfactory closure system
wicth an extruded polyurethane closure device.

DISCUSSTON

The development program was divided into scveral work programs
as follows: Study of the state of the art and deficiencies of the
present closure systems; contractual developmeut program with All
Anerican Corporation; and the development work by Global Chemical
Systems Inczorporafrion under the guilance of AYPEA.

Strate ot the Ac%t and Deficiencies in Present Closure Systems.

Flexible conuainer: designed and fabricated in accordance with
MIL~C-9959 have met with unusval and utilitarian success ia the
storage and environmental protection of many milicary items
(Figure 1). For many 1items, it is the most efficient, cost~effective
method of preservation with the additional henefit of effective
handling and trunsporting techniques. However, the methods of
closing and opening (closure devices) have been limited to three
*ypes or methods, viz., (1) heat sealing of the plastic-type
macterials to soften and fuse the interface of the material together
tc mak2 an effective seal; (2) the common slider fastener device
known as "ziprer", constructed of plastic/rubber-like materials
(Figure 2), aad (3) metal interxlocking teeth in a plastic or rubber
strip or sheet (Tigure 3).

The plastic festener ha3j two edges designed to fit together so
as to be fastened when a slider Jdraws the two edges together. The
edges remain together until they are released by dirawing the slider
in the opposite direction over the edges. The metal fastener
operates simiiarly except that the edges of the plastic-rubber-1like

[99Y




FLEXIBLE CONTAINER, M1'.-C-9939,

Figure 1.
TYPE 111 (60 DAY STORAGE LIFE)

Figure 2. ALL PLASTIC CLOSURE EXTRUDED
FROM POLYVINYL CHLORIDE
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FIGURE 3. ([ETAL TOOTH TYPE CLOSURE




materials have metal teeth and hollows which fit into each other
snugly. To insute a good water vapor seal, a plastic/rubber-like
seal is provided as the fastener is closed. Adhesives and pressure
sensitive tapes have been used in selected applications.

The heat sealed closure is deficient in that it is limited:
(1) by the requirement for a source of heat; (2) by the number of
¢penings and closings which is, inm turn, dependent upon the amount
of material 21low~2 for successive 'heat scals'; and (3) by the
thermoplastic materials themselves that can be softened by heat and
fused together to make a seal.

The all plastic slide fasteners have proven to be difficult to
open and close particularly on large items such as flexible containers,
MIL-C-9959A, for aircraft jet engines. It has been found that the
present designs should have Ilmproved barrier qualities against water

vapor. 9

The metal fastener deficlencies are: (1) the metal teeth are
easily damaged in use so as to make the closure inoperable and
difficult to repair in the field; (2) the presently used plestic/
rubber~like materials to which the metal teeth are attached are not
thermoplastic; thus, presenting difficulty in fabrication of con-
tainers when the heat sealing techniques are preferred for cost
savings reasons; and (3] the presently available barrier-tvpe metal
type fastener is too costly a method of closure, particularly on
many smaller sized contualners.

Adtegive systems have been ruled out by the more complicated and
costly fabrication required. Pressure-sensitive tapes have not found
acceptability because of the difficulty in sealing surfaces that
become oily, dirty, and/or are inherently difficult to seal.

Closure Designs and Evaluations.

A contract, Development of Closure Devices for Flexible Containers,
was awarded to the All American Engineering (AAE), Wilmington,
Delaware, 30 Jun 1972. The contractor, during Task T, developed
fifteen design consideraticns (Figure 4). Two designs, numbers
seven and ten, were selected for further study (Figure 5). The
selections were based on preliminary Water Vapor Transmission Rate
(WVTR) test results and manufacturing feasibility (reference All
Amcrican Engineering Report No. AF 312). The Talon OKR Metai Tooth
Slide Closure was also recommended [or further development subject
to the success of the cxtruded polyurethane designs, numbers seven



Figure 4, CLOSURE DESIGN CONSIDERATIONS
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and ten.

luring the Task II, greet effort was made to extrud. the Lwo
seleced designs from polyurethane. Unforeseen terhnlezi diffi-ultinrs
were cencountered in extruding the polyurethane. Dimensiuvmal control
and flexibiiity of the closures were the two majior deficiencies
(Figure 6). The contractor la’led to solve these probiems, znd Jhe
contract was terminated.

Concurrent -7ith this o r:ract, development and iunvestigation was
conducted iato clesure devices vy the Minigrip Corporaiion, urange—
barg, New York (Figure 7). Minigrip closure designs and cne of the
selected closure designs of AAE Corporation were very -imilar
(Figure 8). Minigrip Corporation had perfected the ex rusion of
several plastic materials, buct not polyurethane. AAE iid conduct
WVIR tests on the several of the Minigrip plastic extrusions ané
reported the resuits in their RKeport AF-320. Tue WVIR of the
closures did meet the requirements for flexible containers, MIL- C-9959.

zeever, Minigrip and AAF were uot interested in developing the
techniques fur extruding polyurethane minigrip type closures which
would be acceptable for MIL-C~9959 ronrainers. They believed that
the technical difficulties were tco great to bSe overcome.

Global Chemicil Systems Incorporated Developmeart Work.

The Global Chemical Systems <Corporation approached the AFPEA orn
thelr polyurethane ccvers for alvcraft jet engines and helicopter
covers. They indicated that they were interested in upgrading thoir
barrier materials and clorfuce devices to meet the A'r Force require-
ments of flexible containers, MIL-C-995&. AYPEA nresented th2
potentials of polyurethane,/saran couposite films, and *he extruded
polyurethane minigrip closure dzsigns.

The Global Cnemical Systems made arrangements with the Minig.ip
Corporation for the ase of their equipment and facilities far
development of volyurethane Minigrip designed closures. After several
menths of =ffort a three track "lavflat" (Figure 9) 2nd ¢ two track
“stand-up"” (Figure 10) closure desigps were perfecred. Figure 11
shows a 3lohbal Fiexible Containev, TF 3/-GE-100, with a three track
"layflat" clozure device. Figure 12 ana 13 shows the two track
"stand-up” closure installcd in a ©-100 engine container. The two
track "stand-up” closure was selected tor use ir flexible cor*ainers
because of the ease of opering anu closing pressure without the
necewsity of a speclal tool. Finger p essure s sufficiert to cless
the closure dcvice.

e
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EVOLUTION JF CLOSURE EXTRUSIONS SHOWING

Figure 6.
DIMENSTONAL CONTROL PROBLEMS-AAE REPORT 320




Figure 7. MINIGRIP CLOSURE EXTRUDED OF CHLORINATED
POLYETHYLENE AAE COPP. REPORT 320




NS, W WD N L W

TYPICAL MINIGRIP CLOSURE DESIGN

EL__’(?“H—{“\C;[ e —

AAE {#10 CLOSURE DESIGN

Figure 8

10




Figure 9. CLOBAL THREE TRACK
LAYFLAT CTOS5URE
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Figure 10 GLOBAL TwW( TRACK STANDUP CLOSURE

Figure 11. (iDRAI FLEYIBLL OONTALINEK, TF 34-GE-100,
WiTil THREE TRACK LAYFLAT CLOSURE
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Figure 12. CLOSF-'"™ VIEW OF THE CLOSURE
DEVTCE WITH SNAP FASTENER

o ROLLTE
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Figure 13, CIOSE-UP VIEW WITH CLOSURLE
DEVICE PARTIALLY JPEN




TESTING AND EVALUATION

Table I shows the results of WVIR tests ou one cubic foot test
containers. The evaluation of the WVIR effectiveness of the closure
devices was conducted according to a modified Method 3030 of Federal
Test Method Standard 101R, which 1s described in the sppendix of
PTPT Report 76-21, '"The Development of Barrier Materlals For Flexible

Afrcraft Engine Containers"”. The Global one cubic foot container
with the 24" length closure had a WVIR approximately equivalent to
the DuPont #264-3-1 cubic f- container without a closure device

(difference of 0.01 grams/100 sq. in./24 hrs.). Since a 2' x 2' x 5'
container made from DuPont #204-3-1 barrier material with a Talon
metal tooth closure gave over one vear protection (did not reach 40%
RH) outside at Eglin AFB, FL (AAE Report AF-275-A) without redesicca-~
tion,it can be safely assumed that a flexible concainer constructed
of Global #4051 barrier, and the extruded polyurethane clesure should
exhiblt approximately the same protection under simila~ conditions.

Figure 14 shows the WVIR testing device of a one cublc foot test
container with 24" length closure device mounted on a test fixture
placed in an environmental chamber.

The data in Table II further confirms that a flexible container
manufactured from Global barrier material #4051 and the extruded
polyurethane closure device will meet the specific protectio- period
of .ne year without redesiccation as required by MIL-C-9959, Type I
centainer. This table shows the results of a simulaced test using
10% of the desiccant required for a one year prctection peried. The
container reached 31% at the end of 37 days {(approximately 107 of
364 days). This is equtvalent to more than a one year protection
period (10 x 37 days = 370 days).

By projecting the time to reach 40 RH from the 31% R, the test
container would require a total of 60 days. Tbis indicates that a
container with 100% of the desiccant required by MIL-C-9959, Type I
concalner will give over 1-1/2 year specific protection period.
Further testing is being conducted to confirm these projections.

1t should be noted that a container with no clocure device (heat
sealed) will give an estimated 2-1/2 year protection peried. This
indicates that the newly developed clouure device, althougi. superior
to previous closure devices, does allcs moisture vapor into the
container.

14
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Figure l4. ONE CUBIC FOCT TEST CONTAINER MOUNTED
ON TEST FIXTURE IN ENVIRONMENTAL CHAMBER

16




(ske@ (€ uT
HE %57 payoray (pate2s 1eay)
Iaureluo) aylm) 2ILSCT) ON
sax 7/1-2 00T LE ¥9°¢ %2°92 TS0%#
Te1i23eK -(3T7l11eq
TeqoTd
(sheq [g ur JUBYITANATOg
HE 2T1¢ BoyoEay - dr-pueag
Isuyeiuo) L) papnIiIXg-zansaid ™~
SIR T/T-T 09 LE %3°2C %°9C TSO%#
TeTisle) 131aaeg
Teq0T9
WIANIVINOD I 2dAL (M 26 WOMd{ (| %S RO¥MA) [(SAVA L€) ¥VAX 3INO| I FdAL '6G66-0-1IH
6S66-0~TIH ‘2510 %007 | MY 20% HOVAM O} MY Z0% HOVAH J0 %01 304 YANIVINGD 1004
ONISH Q0T1¥3d TAVA GAIDAL0¥4 0Ll SAva "3SEAQ 40 SLIMN 21405 INO d¥Cd JANIVINOD
NOT103108Md 21410345 JIIVHILST d¥3A ENO ¥04
JALvVKILS3 ] *083a 40 SLINA

3,08 1V W %08 - INMANOYIANA
YANTYINOD I H4XLl ‘6566-0~1IK
NOLLVOTIVAR a7T¥dd NOIIDALOMd DIJ1D3IdS

11 19Vl



The ease of open‘ng and closing was checked out on sections of
extruded closure devices, and an aircraft engine cover TF-30-GE-100
provided by Global Chem.cal Systems Corporation. The closure
devices were easily opened and closed at room temperature. The
contalner was placed in a cold chamber at 32°F., After 24 hours, the
container closure device was opened aud closed with moderate effort.
At 0°F, the closure device becaze more ripid, and difficult to open
and close. At -32°F, the closure was ot operable; however, the
closure did not fracture upon bending. These results were
considered acc.uzable (PTPT Report No. 76-21).

The Global Chemical Systems will certify that the closure meets
all other physical property requirements of MIL-C-9959 including the
resistance to aging, light, svnthetic lubricating fluids and
petroleum products.

Twenty prototype flexible containers designed according to
Global Drawing Code Identification No. 5403, "Envelope, Engine
Protective Qutline and Mounting"”, for F-100 engine (Figure 15) have
been procured and are toc be used iocr field test and evaluation,

The First Article fit and function test was conducted at Pratt
& Whitney Aircraft Corporation, Hartford, Comnecticut. The assembly
of the flexible container tc the F-100 engine was pecformed easily,
and the closure device was closed by finger pressure without
auxiliary tools. The performance of the container through the First
Article fit and function test was satisfactory, and the test
indicated that in field use the container should perform excellently.

Figure 16 shows the F-100 engine (without cover) that was used
during First Article fit u.” function test. Figure 17 shows the top
half of the container installed. Figure 18 shows the container/
engine assembly mounted on 4-wheel trailer ready for transportation/
storage. Figures i2 and 13 are close-ups of the closure device.

The straps, with snap fasteners, for reinforcement betieen the two
halves of the contalner should be notad.

CONCLUSIONS

The purpose of this project, to deveiop a closure system for
MIL-C-9959, "Container, Shipping and Storage (Flexible)', that
would be easy and simple to operate and would maintain a controlled
envircnment for storage and protection of military items has been
accomplished. The Global Chemical Systems Corporation extruded

18
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Figure 16. F-1Q0

ENGINE MOUNTED ON HANDLING DOLLY

Figure 17. TOP HAIF OF CONTAINER INSTALLED
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Figure 18, F-100 CONTAINER/ENGINE MOUNTED
ON 4-WHEEL TRAILER
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polyurethane "stand-up' closure device meets the requirecuments for
easily installing and removing flexible containers from aircraft jet
engines. Field testing will complete the evaluation program.

RECCMMENDATIONS

It is recommended that field tests and evaluation be conducted
on the Globel closure device installed on the 20 prototype F-100
flexible engine contalreis procured from Global Chemical
Supply Corporation nsing barrier material, Global #4051, iIn cunjunc-
tion with the field tests av recowmended Jn PTPT Report No. 76-21,
"The Levelopment of Barrier Mxterialws For Flexible Aircraft Engine
Contginers'.

It is recommended that the requiremen . for closure devices in
MiL-G-5959 be revised to specify the improved characteristics of
the newly developed closure device.

72
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1~ The develepment of an jmproved closure system for the construction of flexible
cngine containers in conjunction wi'h the development of new barricr materials

(PT?7 Report No. 76- 21) has been completed. A thorough studyv of desiyns,
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stand-up clesure met the requirements for efficlent opening and closiug and
providing a controlled environment for protection of military hardware when
nstalled on the new improved flexible englue container (PTPT Report No 76-21).
L,”icld tests are pecommended before spproval of production quantities. <
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