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PREFACE

A technical program devoted entirely to the subject of Fabrics for Coating
should include topics of interest to the fiber industry, the spinning and weaving
plants, the manufacturer of coating materials, the coater, the end item fabri-
cator, and the consumer. Such a program would be considered too restricted
for ‘;ponsorshlp by any profosmonal society associated with the classical fields
of science and engineering. The same program, in turn, would be considered
too broad for presentation by an industry-oriented professional society in, say,
the fields of textiles.

As an advisory group servicing the Quartermaster Researct =d Engineer-
ing Command in the field of textile fabrics we were convinced that the Com-
mittee on Textile Fabrics could provide an ideal vehicle for sponsoeship of
such a cross-industry discussion. This became evident, to our gratification, in
the attendance at the conference of numerous competent individuals with
associations ranging from the raw material manufacturer to the ultimate
consumer of coated fabric materials. The result has been an interesting two-
day program punctuated with stimulating question sessions.

t is hoped that the published proteedings of the conference -iil provide a
useful collation of 1deas and facts for workers in the ficld of ated fabrics.
One can expect that a repetition of this conference in a few years will sig-
nificantly®advance the cross-fertilization initiated here. Or, as one attendee
remarked, the application of the information presented iere can best be
realized through qubqequont conference treatment of the specifie problems of
the fabricator of coated fabric items.

o Stanley Backer
. e Chairman
Commuttee on Textile Fabrics
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INTRODUCTORY REMARKS.

W. George Parks

Ladies and gentlemen, good morning ind welcome to the
Conference on Fabrics for Coating.

A word may be in order on the connection of the National
Academy of Sciences -- National Research Couuncil with this
meeting. Briefly, in 1942, during World War II, the Quarter-
master General went to the National Academ; of Sciepnces and
asked for advice and assistance on some of his researc.:h and
development problems. The Natiopal Researgh Council, which
is the operating agency of ihe National Acac.lemy aof Sciences,
responded enthusiastigally, setting vp what is naw an Advisery
Board on Quartermaster Reseasch and Developinant. The Bgard )
has established a awmber of gommittees to furrich advisery
service*n the various aréas i which the Quartgrmaster 18 nteg-
ested. The partigular conmitfee agtivg thlsg motnylgols the Tome
mittee on Textile Pabrigs. v

The Committee pormally meets several times a ygag to cons
sider, with Dr. Kennedy and his staff, the Quartermaster research
and development program i the area of textile fabrics. In ad-
dition to the more or less regularly scheduled committee meetings,
from time to time the Committee organizes and sponsors, jointly
with the Quartermaster Corps, a conferznce on some timely, im-
portant sub):ct. That is the background of the conference this
morning.

We are very happy the conference has aroused as much inter-
est as we thought it would when we first started talking about it

six months cr more ago.




On behalf of the Nationa! Academy of Sciences -- National
Research Council, I sincerely welcome you to this Conference.
I hope you will have a very profitable two days. 1 hope you will
E)articipate in the discussion and have questions which may de-
velop discussion to further this problem of fabrics for coating.
Now it is my pleasure to introduce the individual who will
extend the official welcome on behalf of the Quartermaster General

. and the Quartermaster Research'and Engineering Command. It

. gives me pleasure to introduce to you Colonel H. S. Woffnrd,

Deputy Commanding General of the Natick Quartermaster Research
and Engineering Command.
Colonel H. S. Wofford

. Thank you, Dr. Parks and good morning ladies and gen.icinen.
. On behalf of General Calloway, our Commanding General, who is
in Washington today, I bid you weglg¢ome to Natick and, particu-
. larly, to the Research and Enginegring Cotamand.
. The application of fabries for coating in this Cammand has
received considerable asststange, in the past, from groups such
. as this, from industry, fr®m private la@oratories, from other
Government agencies, and from universities. We are very ap-
. ° preciative of that help which has come to us from those sources.
. We feel that coated fabrics, as applfed to tentage and to indi-
vidual equipment of soldiers.  have great potential in sofving
many of our clothing and housing problems. But, beyond that,
*we feel that the future use of coated fabrics in the housing of
missiles, in the housing of rockets, and other special equipment
ie going to be a still more important area. The coated fabric to
be used by crews servicing and fueling missiles and rockets is
going to be one of great importance to this group.
The need for good specifications to cover these fabrice {5 of

great importance to the Quartermaster Corps. In order that the




end product may peiiorm the function for which it is intended, 1t

is of grave importance that we start cut with a sound set of speci-
fications. We feel that this conference can contribute significan:ly
to the development of these specifications in the future, just as you
have in the past on an individual basis.

We are glad that you are here with us today and hope you will
have a good meeting. We expect a great deal of good for the Quar-
termaster Corps will derive from this conference.

Dr. Parks: Thank you, Colonel Wofford. It is ;i.ow my pleasure to
turn the meeting over to the Chairman of the Committee on Textile
Fabrics, Dr. Stanley Backer from the Marsachusetts Institute of
Technology.

Stanley Backer

Thank you, Dr. Parks. It is good to see so many people in
attendance at this session today. We were a bit concerned as to
whether a subject possessing such a wide coverage would provide
sufficient points of interest for as many people as have come to-
day.

The cross-section of the audience, based upon the registration
list, indicates some seven groups are present: first, the fiber
people, synthetic fiber manufacturers and growe.rs of the natural
fiber; second, those who weave cloth, the textile manufacturers;
third, the coaters, who app!, coatings to the cloth; fourth, the
manufacturers of the coating material; fifth, the users of the end
item, the military services and also the civilian users; sixth, we
have the person who fabricates end items from the coated materials;
and finally, in the seventh category, we have those who are just
plain curjous. We welcome all seven categories of attendees.

The technical emphasis of this conference is on the textile
fabrics which are used for coating by the military services. It is

difficult to divorce the question of fabric behavior from the




r.operties of coating matcrials, but we shall attempt to underline
the importance of textile cloth as the basic component in the com-
posite structure known as a coated fabric. The textile structure

is a system characterized by high compc.aent mobility or free move-
ment between fibers and between yarns. In mating the cloth with

a continuous film or coating material we interfere with that mobili-
ty and radically alter the mechanical oroperties i the resultant
system. Such changes create serious problems for the coater, the
fabricator of end items, and the military or civilian vser.

The conference program is broken down to three phases. First,
we are concerned with a positive definition, by various branches
of the Armed Services, of the requirements for fabrics for coating.
The second phase of the program has to do with the fibers which
serve as structural elements in the fabric for coating. It also deals
with the importance of fabric geometry and the interaction between
fiber properties, and structural design of a cloth intended for
coating.

The third phase relates to the properties of coating materials,
specific problems in coating cloths to meet rigid specifications,
and testing techniques in evaluation of coated fabric behavinr.

As to the conduct of the conference, I would like to suggest
that your questions be withheld until the formal question periods.
Each of you has a large card, iscted to you with your registration
materials. It would be appreciated if you would write your
questions on the card, first indicating your name and organization
at the top, then the pe:son to whom the question is directed. We
will collect the cards from time to time and separate them so as
to group questions directed at a single speaker in an attempt to
develop a discussion in regard to his topic. We suggest this
scheme because the schedule does not allow for interruptions

prior to the question period. In addition to the cards, we will




entertain questions {rom the floor which are stimulated by the
questions submitted in writing.




r—________—* —_

TECHNICAL SESSION NO. 1
Stanley Backer, presiding

Chairman Backer: It is my pleasure this morning to present, as

the first speaker, the Head of the Textile, ¢:lothing, and Footwear
Division of the Quartermaster Research and Engineering Command
of Natick, Dr. Stephen ]J. Kennedy. I believe he needs no further
introduction. I am sure his paper will serve as an excellent start

for the conference.

ARMY APPLICATIONS OF FABRICS FOR COAlinG

STEPHEN J. KENNEDY -- Graduated from the University of
Illinois with a B.A. in 1926. He attended Columbia
University where he received a M. A. in 1931 and
Ph.D in 1936. Dr. Kennedy has been associatad
with the Quartermaster since World War II, and
px.'esently is Director of Research, Textile, Clothing,

F . and Footwear Division, Quartermaster Research and

' ' : Engineering Command, Natick, Massachusetts. In
addition to being a member of various Textile Socie-
B o°c ties, here and abroad, Dr. Kennedy is a member of
e the American Chemical Society and the American
: g Economic Association. He is the author of Profits
. T T and Losses in Textiles, 1936; Textile Markets
R (with Hiram S. Davis and others), 1938; and con-
tributes articles for Trade and Scientific publica-
tions.

The fact that we are considering "Fabrics for Coating"” in these
discussions, instead of "Coated Fabrics”, is itself significant.
It indicates the recognition, for one thing, that the proper appli-
cation of fiber and yarn properties to the engineering of the base

fabric structure is of fundamental importance to the functional

performance of the combined fabric-coating system. Also, it




reflects the progress that has occurred in textile fabric engineering
in recent years, as wcll as the great increase in the capabilities
of the texiile industry which has stem:ned from the creation of new
fibers with new properties and the improvement of properties of
existing fibers.

To see the role of textiles for coating in military applications,
one needs to turn back to World War II and to review the types of
coated textiles then used in military items, the studies which
were made at that time in this general field, and the changes in
use-requirements since that time and their effect upon required
fabric properties.

These various uses for coated fabrics can be grouped into
four general classes:

1. Clothing uses.

2. Small, lightweight tents and covers.

3. Frame-~-supported tents, paulins and covers,
4

. Specialty uses, e.g., coated fabrics for air
bags, water containers, etc.

Clothing Uses. Let us first cgnsider clothing uses. Of these the
most notable one, from the standpoint of development, has been
the Army raincoat. Until shortly befor.e the outbreak of World War
II the Army soldier was provided with a raincoat made of a double-
texture fine-count cotton fabric bonded vsith a layer of rubber. By
1941 this had been changed to a single-layer-coated cotton-print
cloth or sheeting. However, questions of whether to coat both
sides of the fabric, of depth of coating, of adhesion, of aging
characteristics, and other factors had not been settled, when the
ncnavailability of rubber made it necessary to change to a poly-
vinyl chloride coating. (Later this was extended to polyvinyl
hutyral.) This change to @ new coating material created new

problems of cold-temperature properties, freedom from tackiness
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at high temperatures, adhesion, sealing of seams, and others.

Also, the problem of low tear strength of the coated fabric be-
came accentuated. Just what the best coating formulation should
be, to obtain the most serviceable coating and to minimize loss of
tear strength, became an urgent question. It is not surprising, ac-
cordingly, that one of the first broad resea:ch projects undertaken
by the Nationa) Research Council Committee on Quartermaster
Problems was to initiate 4 broad survey of coated fabrics.

This project, undertiaken at Brooklyn Polytecunic Institute,
and identified as QMC-36, had as its objective the evaluation of
new developments in the coated fabrics industry that might be ap-
plied to the improvement of coated fabrics for Quartermaster Corps
items. The report of this project, issued in December 1945, re-
ported test data on 153 coated fabric samples; some samples taken
from actual production of raincoat materials to serve as a measuring
stick for the experimental samples, and the other samples repre-
senting experimental formulations of many different types.

A related event was the series of lectures on protective coatings

'glven under the sponsorship of the Research and Development

Branch of the Office of The Quartermaster General in 1943-44 for
all individuals in the Government Agencies concerned with the
development or use of coated fabrics and organic coatings in
general,

A significant thing about this research program and the series
of lectures, and in fact, the whole range of studies conducted
during World War II on coated fabrics, was that practically the
entire effort was focused on the coating -~ very little on the
fabrics. For example, the final report on the QMC-36 project
listed test samples as follows:

1. Ninetsen samples of vinyl-coated nylon twill,

2. Seventeen samnoles of polyvinyl butyral-coated
nylon twill.




Six samples of SBR~coated nylon twill.

Eleven samples of butyl-coated nylon twill.
Thiee samples of neoprene-coated nylon twill.
One sample of Buna N-~coated nylon twill.

Fifteen samples of vinyl-coated cotton sheeting.

[00] ~ (o o =N w
. . . - . .

Nineteen samples of polyvinyl butyral-coated
cotton sheeting, and so on.

" here was one group of twelve samples on miscellaneous fabrics
including a rip~-stop nylon, parachute nylon, MM ballon cloth,
HH balloon cloth, Fortisan, and Fiberglas,

These fabrics, as most of the fabrics used for coating tests
during the war, had been developed for other purposes and were
tried out for coating because of availability, rather than fabrics
specifically developed or engineered to serve as a base for coating.
This emphasis upon the coating is shown further by the tests that
were applied to the coated fabrics produced under QMC-36. They
were testg concernec. with the finished product in which the contri-
bution of the coated material could not be readily determined.

1. Strength, flexibility, and hydrostatic charac-
teristics before and after various aging tests,
including Florida exposure, desert storage,
and tropical storage.

2. low-temperature flexibility, crack resistance,
and durability.

3. Wyzenbeek abrasion re<istance.
4. Blocking characteristics.

5. Chauge of flexibility and appearance occurring
in accelerated aging tests.

6. Coating adhesion.
7. Flammability.
Of course, consideration was given to the possibility of using
2 lightweight nylon-fabric base for coating. Seconds of parachute
canopy fabric were tried; however, the adhesion was not satis-
factory, indi.eting that a more open construction was reguired.
10




The possibility of changing the weave of the cotton fabric by use
of rip-stops, plying of nylon and cotton yarns, and other devices
was considered, but practical problems in manufacturing or coating
or both prevented adoption of a specially designed cotton fabric at
that time.

In 1943 the poncho was adopted as a field item of equipment {:r
protection against rain. The advantages ¢! using a lightweight,
strong, tear-resistant fabric for coating were over-ridingly ap-
parent since it had to be expected that the poncho would catch on
underbrush in field use. A 1.6 oz nylon fabric had been developed
during the war years for the parachute canopy fabric but it was not
considered a satisfactory construction for coating. A similar fabric
of approximately the same weight was developed utilizing 70 denier
nylon vyarn in both warp and filling. This was adopted as the best
fabric for coating for the poncho.

During this period the concept of textile fabric engineering for
specific uses began receiving wide attention. The notable Marburg
Lecture by the late Harold De Witt Smith in 1943 had focused at-
tention upon studies which had already been underway in England
at the Shirley Institute. Also, Quartermaster studies on wear re-
sistance conducted by Fabric Research Laboratories and the dis-
covery that proper employment of fabric construction could greatly
increase the serviceablility of textiles in clothing showed how im-
portant it was to understand the mechanism of fabric properties in
various end uses,

This led to the undertaking of a project on coated fabrics by
the Fabric Research Laboratories for the Quartermaster in 1946 --
to determine the effect of weathering on the tear and tensile
strength of coated fabrics. As the study progressed, it was di-
rected toward a general investigation of the mechanism of tear

strength of coated fabrics. The findings of this study brought out,

11




for the first time, the signiticance of fabric construction and ge-
ometry upon properties of the coated fabric.

However, during this period no n2w fabric was adopted for the
poncho, partly because o! the obvious need to find a more thermally-
resistant coated fabric so that the poncho could be used as a shield
or shadowing device against high-intensity thermal radiation. In
1956 a coated 2 oz Fortisan fabric in a plain weave was utilized
for a test of a new poncho which would be resistant to thermal
radiation and gas. This fabric utilized a balanced construction,

48 x 49, utilizing 150 denier yarn and giving an overall weight of
8 oz/sq yd with a neoprene coating.

After the war the World War II raincoat continued to be an item
of general issue for semidrecs wear. However, as part = the re-
development of the Army uniform to improve its appearance, it was
decided that a dress type raincoat should be developed for general
wear by all troops. This raincoat, which is presently in the process
of production, utilizes a 1.6 oz nylon fabric very similar to the
standard Type II parachute fabric. The nylon for the filling yarn is
required to be preshrunk to minimize barre effects, since the fabric -
appears on the outer side of the raincoat which is single-side
ccated with polyvinyl butyral. The total weight of the raincoat is
approximately 1 lb in average sizes. It promises to be a very popu-
lar item as well as presenting a very satisfactory appearance with
the service uniform.

In addition to the raincoat and poncho, coated fabrics have been
used in other applications in military clothing, particularly in rain-
proof garments, chemical protective garments, and more recently in
clothing for fuel handlers of guided missiles (Fig. 1). The Chemical
Corps' impermeable protective suit, designed for crews handling
toxic agents, utilizes conventional fabrics of the types which have

been used in the past for coating. These include such fabrics as

12




Fig. 1. Clothing for fuel handlers of guided missiles.

lightweight cotton airplane cloth, cotton sheeting, and a nylon
twill. However, when the protective clothing for fuel handlers of
guided missiles was developed severa)] years ago, the suit origi-
nally adopted by *he Army utilized a 5.4 oz Fiberglas fabric to

which a vinyl coating had heen applied. Protection wag required




against such oxidizers as red fuming nitric acid, aniline, and
hydrazine. Experience with this suit demonstra‘ed that the Fiber-
glas material when made up into a garment was undesirably heavy
since it had to be coated on both sides. The fully protective suit
recently adopted as a replacement for the earlier model utilizes a
conventional cotton airplane cloth coated with a modified butyl
resin. This coated fabric weighs 10 0z/sq yd as compared to 18
oz/sq yd for the coated Fiberglas, resulting in a reduction in
weight of the suit of approximately 4 1b.

For impermeable protective handwear the conventional approach,
until recently, has been to use either an unsupported rubber glove,
or, if fabric base was required, tc follow commercial practice ir
utilizing either a Canton flannel or sheeting. Recently the availa-
bility of warp knit fabrics for coating has afforded the opportunity
for achieving an elastic coated fabric. Such a fabric structure is
presently being considered for certain types of protective handwear
by the Army. In view of recent Army developments in the field of
handwear, including the development of the anthropometric-shaped
hand and handwear developed to fit the normal relaxed position of
the hand, such elastic constructions appear to give an optimum
approach to dexterity and freedom from fatigue in the hand when
wearing impermeable type handwear.

The physiological problem po<ad by the wearing of an imperme-
able clothing system has presented a most difficult problem to ali
of the Armed Services which, at one time or another, have had a
requirement for a fully protective suit. The fact that neither air
nor water vapor will pass through coated fabrics reduces con-
vective heat losses by either conduction or evaporation and offers
resisc.ance to the passage of water vapor when the body is sweating
at a high level and approaching heat stress. In hot climates the

heat stress is so scvere that some form of cooling is definitely
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required. Many attcmpts have been made to devise a cooling system
for such an impermeable clothing outfit. Studies conducted at the
Harvard Fatigue Laboratory during World War Il established certain
characteristics of impermeable suits. For example, at a tempera-
ture of 84°F men could not wear such clothing more than 25 minutes.
However, by keeping the outer surface of the suit wet with water
the tolerance time could be doubled. Adv:iitage has been taken of
this fact in our acid and fuel handlers clothing by the use of an
outer cotton fabric which can be soaked with watex s;) that, by
evaporative cooling, the skin temperature of the man wearing the
suit could be lowered substantially under conditions of high ex-
ternal thermal stress.

The requirement to maintain fuel handlers of guided missiles in
hot climates in such fully protective suits has led this Command to
the development of a cooling system based upon the use of liquid
air. It is believed that, with the use of such equipment, imperme-
able clothing systems may become more widely usable where defi-
nite hazards from toxic agents may exist and safety requirements
dictate the wearing of a fully protective suit.

In cold climates, at normal activity levels, the condensation of
moisture under the impermeable fabric has been, at the very least,
disagreeable and has resulted in lcss of insulating efficiency of
the clothing system. This problem of the impermeak!c protective
suit in cold climates has been attacked from another angle. In
contrast to the permeable clothing system approach through the
use of tightly-woven cotton fabrics, a semi-impermeable coating
system was explored during the years immediately after World ‘War
II. Out of this development an over-extended or discontinuous
coating was developed by Goodyear under a Quartermaster Corps
contract. The coating was found to possess a water vapor perme-

ability 60% that of the untreated fabric. Howewver, this coating,
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known as Vapotex, has had tne disadvantage of relatively poor re-
sistance to abrasion and thereby subject to damage from severe
wear. Fatrics for the Vapotex treatment have, up to this time,
followed conventional cotton or nylon constructions.

Small. Lightweight Tents and Covers. The possibility of using
coated fabrics for small tents arose during World War II in the at-
tempt to supply a small, very lightweight tent for ~ountain troops.
The tent which was deve!~ped -- Tent, Mountain, Two-Man -- was
conceived as a reversible tent, white on one side for snow camcu-
flage and dark green on the other side for other types of terrain.
This camouflage requirement was critical in view of the lack of
protective cover in typical mountain terrain.

In the original development of the tent in 1942, HH cotwu. bal-
loon cloth was adopted as the fabric for coating. The importance
of lightness in weight was emphasized. This fabric was only 2 oz
in weight and it was desired to apply a coating which would give
a total weight not to exceed 3.8 0z/sq yd. This was accomplished
by bleaching the fabric, leaving it white on one side and applying
a colored pigment coating on the other side. Later, this procedu:.
was reversed with the fabric blotch-printed in green on on« side
and white pigmented resin applied to the other side. Later, a
slightly heavier airplane cloth using plied yarns was considered
for the tent to increase the tear strength. At the end of 1943, when
nylon became available for uses other than parachutes, the 1.6 oz
nylon fabric, which was later used in the poncho, was adopted for
this tent. It should be noted that during the course of this develop-
ment the possibility of using nylon parachute fabric seconds was
considered, but because of the problem of adhesion where such a
light coating was being applied, these seconds could not be used.
It should be noted that the coated cotton fabric tents were quite

unsatisfactory because of their low tear strength and also the
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failure of the very thin coating to withstand outdoor exposure to
sunlight. The coating stiffened; the fabric became papery; and, in
some cases, the loss of strength was so great that the tents were
quite unusable. The tent as finally produced at the end of the war
was a double coated nylon fabric, with a white coating on one side
and a green coating on the other. Its use was later extended to
include requirements for a small tent for the Arctic as well.

Unfortunately, this tent proved to be unsatisfactory when used
in the field. Moisture condensation from the breath of the occu-
pants or from cooking proved to be quite objectionable, whether it
was in the form of water droplets which dropped on the occupants
or dampened their clothing, or in the form of hoar frost which rained
down on their faces., The item became quite unpopu!.. =nd a firm
requirement was established; that, because of this condensation
problem the tent should be made from a permeable fabric. This re-
quirement still holds and the present item in our supply system is
made from a fine densely-woven cotton fabric.

A second somewhat similar use which developed during World War
Il was the jungle hammock (Fig. 2). It also could be classified inthe
realm of small tentage as it provided a shelter and hammock sup-
port for troops operating in hot wet or jungle areas. Here, there
was a requirement for protection against heavy rainfall, This item
also started with an upper deck made from a coated cotton fabric,
but later it was changed to the same coateu 1.6 0z nylon fabric
used in the poncho. While the complete hammock weighed only
5 1b and provided the equivalent of sieeping gear and a tent, the
hazard of using it in areas subject to enemy infiltration militated
against its effective use in forward combat areas. It was used to
some degree as a yground cover. However, after the war a decision
was made to drop it as an item of fieid equipment, even though it
nas continued to be regarded by troops in jungle areas as a very

well-iincd item,
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Fig. 2. Hammock-shelter.

The use of coated fabrics in small tents must be regardea as of
rather doubtful validity. This problem of condensation appears to
apply also to somewhat larger tents such as those of the dimension
of our five-man tents which are hexagonal tents with a diameter of
approximately 13 ft. In fact, any small cold-climate tent with a
number of occupants and a stove would be subject to this same
problem of moisture condensation. Whether it would be possible to
take advantage of the lightness in weight and high strength of coated
fabrics for such uses is problematical at the present time. If the
premium of reduction in weight and bulk is sufficient, it may well
be that the disadvantage of moisture condensation might be dis-
regarded to permit the use of these materials in place of heavier,
less water-resistant fabrics.

Frame-Supported Tents, Tarpaulins and Covers. The earliest Army

use of a coated fabric for a frame-supported tent occurred during
World War II with the development of the Tent, Surgical, Operating,

Truck. This was a special tent designed for use by a surgical oper-

a..ng team whose equipment was carried in a specially designed
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truck. The tent was intended to provide an operating room directly
adgjacent to the truck. As originally developed, this tent had the
requiremcnt of being capable of complete black -out for use at
nights. Also there was a requirement for an integral floor which
would reduce the possibilit,; of dirt and dust interfering with surgi-
cal operations within the tent. The tent was provided with a liner
made from a 8.25 oz shelter tent duck coated white on one side and
OD 7 on the other. This coated liner fabric weighed approximately
12.1 oz/sq yd. The floor cloth was a No. 8 duck also coated with
a vinyl resin to give a final finished weight of 27 oz/sq yd. The
tent itself was a conventional FWWMR treated fabric. Actually
this tent never got beyond the experimental stage as only a small
number were produced, and it was found to be quite i r>-ticable
for use in hot climates due to the difficulty of ventilating, the lack
of permeability of the deck fabric, and the problem of moisture con-
densation.

The second application of a coated fabric in this general area
wes in the development of the Red Cross marker. There were actu-
ally two items, one a tarpaulin to be placed across the ridge of a
tent in @ manner similar to a tent fly, presenting on each side of
the tent deck the Red Cross symbol] to denote that the tent was
being used for hospital purposes. The other was a large tarpaulin,
100 x 100 ft in size, to be staked to the earth to form a large red
cross to identify a group of buildings or an arza as being employed
for hospital purposes. This mark of identification was based upon
the Geneva Convention whereby such hospital areas would be free
from military attack. The fabric used was the 9.85 0z/sq yd duck
coated to a finished weight of approximately 50% above that wet;ﬁt.
In addition to the red coating for the cross, the background area was
coated white. It may be noted that this is an ideal type of item for
a lightweight coa‘ed fabric, to reduce weight and bulk in carrying
in the fie!d,
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A third major application of coatings to tent fanrics occurred in
the development of the 16 ft wide frame-type tent commonly known
as the Jamesway shelter. Tents of this type produced during World
War II utilized a 9.85 oz duck with a vinyl coating to a total weight
of 14.5 0z/sq yd. In the production of the Quartermaster Corps items
which were used extensively during the Korean war, this same vinyl-
coated duck fabric was utilized. It was given a lire-resistant treat-
ment with antimony oxide and chlorinated paraffin prior to applica-
tion of the vinyl coating. This fabric has continued to be the speci-
fication material for this particular item up to the present time.

The possibility of applying coated fabrics to tarpaulins has also
been explored. Some consideration was given to it during World
War II but fabrics of suitable tear strength were not avai’'~h!- at
that time. Recently, experimental tarpaulins have been made from
a 5 oz plain weave nylon base fabric coated with neoprene to an
overall weight of 15 oz.

There are four problems in connection with using tarpaulins over
a stack which, as yet, have not been solved succassfully. The
first is the problem of moisture condensation which can be very
troublesome in high humid areas or where stacks consist of materiel
subhject to rusting or possible fungus growth. While it is possible
to construct the stack to permit ventilation, this is not a normal or
practicable procedure under actual field conditions. Also, there is
the problem of abrasion where the tarpaulin is lashed down, either
because of instability of the stack and its tendency to shift in high
winds, or the actual tensions of the lashing rope that may cause an
abrading action at the point of contact. This can lead to wearing
away of the coating with resultant leakage. A third problem is that
of tearing along the seams or points of tension. Unfortunately,
coated fabrics are always weaker at sewn seams than conventional

types of textiles. Fresumably this problem can be overcome by the
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use of wholly cemented seams, if present techniques of cementing
A have reached a point where they can be depended upon completely
in place of sewing. It should be also noted that in using lighter
weight tarpaulin fabric, particularly in coated fabrics which lack
the essential stiffness of a FWWMR-treated cotton fabric, the very
lightness in weight encourages the formation of packets which will
hold water. The weight of this water adds a ‘urther strain to the
paulin at points of contact or where there is a protruding corner
which, in turn, may lead to puncture or abrasion and failure.

Another solution to providing a tarpaulin is the use of an un-
supported film. This also has been considered, and while not
directly applicable to our subject today, it may be mentioned that
tests have been made of unsupported film tarpaulins. inese appear
to present much the same type of problem as the coated fabric tar-
paulin.

The principal area of potential use of coated fabrics in tents ﬁ
lies in the area of the larger size tents, such as maintenance
shelter tents for wheeled and tracked vehicles, rotary wing Army

i aircraft, and fixed wing Army aircraft. Other potential uses in-
clude check-out, inspection, and storage shelters for guided and
ballistic missiles. Two types of construction are presently under
test: frame-type shelters, and air-supported shelters; the latter
being wholly supported by a continuous flow of air at low nressures,
without the use of any internal or external supports.

The first of these types, which in a sense is typical, is the
longitudinal arch frame-type tent (Fig. 3) which we have developed
for maintenance of wheeled and tracked vehicles. This tent, refer-

red to as the lightweight metal-frame maintenance tent, utilizes a

. magnesium or aluminum frame in order to minimize weight and in-
crease the ease of erection. The problem of weight and bulk is

v very critical in these larger shelters, both from the standpoint of




Fig. 3. Maintenance Shelter, T 56-9.

getting them into the field where they will be used and making
them readily portable as the unit changes location. They must be
capable of being transported either by truck or by air. The latter
requirement places a high premium on lightness in weigh., which
has encouraged our office to look to the high strength synthetic
fibers to provide coated fabrics as replacements for the heavier
and bulkier impregnated cotton fabrics. For example, the fabric
presently being utilized for experimental and test tentage fcr this
and similar tents is a 3 oz Dacron fabric coated with neoprene to
a total weight of 10 oz. The actual fabric is a modified basket
weave with two ends and picks weaving as one, alternating with
single ends and picks in both the warp and filling. This is in con-
trast to the present 12.29 oz duck treated with a FWWMR finish to
a total weight of approximately 19 oz.

Furthermore, it will be of interest to note that this fabric with
the neoprene coating provides a high degree of flame restistance.
With its increased flexibility, and the reduction in weight which
1t permits for a 20 x 64 ft size tent of 214 b, this coated fabric
nas a decided advantage for military use over previous tentage
fabrics. It has an important additional advantage in that the
coated fabric has good cold-temperature properties which permit

its use in tents which must be capable of being erected and struck
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at temperatures down to -4OOF. The present fire-resistant-treated
cotton fabric can scarcely be unrolled from its pack at temperatures
below zero. All attempts to produce a satisfactory cold-tempera-
ture, fire-resistant treatment for this fabric have been unsuccessful
up to this time. Even the vinyl-coated, fire-resistant-treated 9.85
oz duck used in the Jamesway shelter is unsatisfactory from this
standpoint of stiffness at temperatures mucih below zero. It may

be noted that in these larger shelters, particularly where they may
be opened up for ingress and egress of vehiclez, the condensation
problem does not present any serious complications.

In addition to this approach of a tent with a longitudinal arch
configuration, our office has given serious consideration to the
possibility of using such configurations as the geodesic dome
(Fig. 4). We have, in fact, tested two different types and sizes
of this type of structure. As presently designed, the geodesic
dome has a very interesting feature in that the deck fabric is sup-

ported from the under side of the frame. While this construction

Fig. 4. Ceodesic dome. (U.S. Army Photograph).
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is intended to minimize one of the difficult aspects of the use of a
fabric with a frame; namely, to reduce the points of abrasion of the
fabric with the metal surface, actually it was found that consider-
able failure of the coating and fabric occurred at points of attach-
ment and anywhere else where the fabric might come in contact
with the metal at any time. In this particular tent configuration,
the fabric is under continual omnidirectional sti=ss because the
fabric is stressed to provide the essential stability to the tent
structure. When highly stressed materials are used in this way,
problems of abrasion and the possibility of fabric failure are ac-
centuated. Because of the very nature of this stress the elasto-
mers, utilized as coatings, may tend to break down. On the other
hand, although the fabric is laid over the frame in the Quarter-
master frame-type tents, no high degree of stress is placed upon
the fabric other than to hold it securely to the frame from the stand-
point of proper tensioning of the lashing ropes.

The configuration of the Quartermaster lightweight metal-frame
tent with a raised circular arch and longitudinal, modular con-
struction has opened the way to its use for many purposes. These
include shelters not only for the maintenance of wheeled and
tracked vehicles for which it was originally designed, but also for
rotary type aircraft which can be moved readily into the shelter by
folding the blades, and for inspe~:tion and checkout of guided and
bailistic missiles. We have furnished tents of this configuration
for test use with the Redstone missile in 12 ft widths and for the
Jupiter missile in 20 ft widths. This configuration has made pos-
sible dehumidified storage shelters for missiles, in which a coated
fabric is used for the deck, liner, and integral floor. Similarly,
this type of shelter has been utilized in small modular sections for
a nose-in type of sheiter for fixed wing aircraft. A further use,

presently under development, is a portable hangar for fixed wing
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aircraft. A shelter of this type would require an uninterrupted span
of up to 60 ft for current types of Army fixed wing aircraft. Here,
the acvantages of minimizing weight will be readily apparent as
weli as the necessity for absolute minimum weight per sq ft of
covered fioor area.

One further type of shelter has received intense study by the
Army, the air-supported type of tent which has been widely publi-
cized in recent years. Several possible uses of this tent have been
considered, including a vertical check-~out shelter for the Redstone
missile. This shelter has the unique advantage that after check-
out has been completed and the missile is ready for firing, the
entire tent can be removed by putling a rip-cord, attached to a
quick release fastener. The force of air holding up the -halter
throws the cover away from the missile and frees the missile for
firing within one minute. Another use for this type of shelter is
for a field portable Radome for housing the ground control equip-
ment including the tracking antenna and acquisition radars for the

NIKE Hercules.

—

; ___td

Fig. 5. Air-supported experimental tent.
Shelters of this type have been considered for other purposes.
Undoubtedly, their use will expand in the future because 'n place
of a frame or pins and poles, the only support unit required is a

relatively lightweight blower capable of delivering sufficient air to
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maintain internal pressures up to 3 1b/sq in. One such experimental
tent of rather large dimension, currently being developed by the
Army, will utilize a 10 oz plain weave base fabric coated to an
overall weight of 25 oz (Fig. 5).

Speciaity Uses. There are numerous specialty uses to which coated
fabrics have been put. Mention will be made of two. One is the
inflatable sleeping pad developed during World War II and still
being used, which employs a 2 oz plain weave nyion fabric coated
with natural or synthetic rubber to a total weight of 11.5 oz/sq yd.
The critical requirement, as might be expected, is rezistance to

the formation of pin holes or other leaks which would cause defla-
tion of the air pad or mattress during the night. Actually the pre-
sent construction is being restudizd at the present time in order to
achieve reduction in the convective currents inside the pad which

have reduced its insulating value.

Fig. 6. Pneumatic dunnage.
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The second vse, of recent origin and one which has invoked a
great deal of favorable comment, i5 pneumatic dunnage (Fig. 6) --
to protect military supplies froia damage during rail shipments.
Tliese units reduce the time required in preparing freight cars for
shipment, lessen the high labor and timber costs of present shoring
methods, and reduce the damage caused by humping and shifting of
loads during transit. In the production of t*cse units a 13 oz nylon
duck is used coated with 20 oz of coating on the outside and 9 oz
on the inside to a total weight of around 42 oz/sq yd.

Future Potential Applications of Coated Fabrics in Army Uses. It

will be apparent from what has been said that the field for appli-
cation of coated fabrics in Armv requirements is growing and, un-
doubtedly, will expand in the future due to the inherernt advantage
of lightness in weight combined with high strength. Also it will

be apparent that the coating itself is simply one means of providing
the desired property of water, weathc.ing, or chemical resistance
as the case may be. In other words, because high strength syn-
thetic fibers can achieve such water resistance only by the use of
coating at this time, this type of fabric is coming into these uses.
It must be recognized, however, that in the continual effort to bring
down weight and bulkiness of military equipment, the pressure will
continue to be on increase strenqgth of synthetic fibers to permit
lightening of the weight, and on reduction of the amo»nt of coating.
It is entirely possible that fabrics having high strength and water
and weather resistance will be developed in the near future utilizing
far less coating than now or employing no coating at all.

Thus, during World War Il while working on the two-man
mountain tent we were concerned about having a coating on the
nylon fabric to protect the nylon from ultra-violet deterioration due
to the normal kind of exposure to which tents must be subjected.

Today it would appear that this type of requirement for use of a
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coating is passing out of the picture because the fiber producers

are finding ways to increase the ultra-violet resistance of a fiber, 4
as in the case of light-resistant nylon, or to produce fibers more

suited for outdoor exposure than the nylon we had during World .
War II.

Similarly, it may be possible to achieve the desired degree of
water resistance by processes other than convenrional types of
coating. One such approach might be to develop the equivalent of
a very lightweight coating which would be internal within the {abric,
would sufficiently close the interstices between yarns and filaments
to provide essential protection, and be sufficiently resistant to out-
doour exposure that such minimum amounts of material would have
long term weathering characteristics. This might also be achieved
by the development of a semipermeable type of coating, different
from any which has been produced heretofore, which will permit
water vapor transmission and still have a high degree of abrasion
resistance and field durability. When one considers the impact of
such fabric treatments as the precoating treatments presently in use
in the industry today, it is not beyond possibility that extremely »
thin types of coating of high durability may be created which will
completely change not only the present complexion of our coated
fabrics systems but greatly widen the applicability of such fabrics.
In all such approaches, however, it is our feeling that the study of
fabric structure, the determination of optimum fabric geometry, and
the proper employment of available and experimental fibers may
create a different type of fabric for military uses than we are con-
cidering today.

Considering the types of fabric which have been used for coating
to date, one cannot but be impressed with the rather pedestrian type 3
~f approach to fabric structure which has kept us closely allied to

the concept of market availability or the use of fabrics already
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developed for u.ner purposes rather than the free exploration of

fabric construction principles which Lave challenged textile tech-
nologists both in this country and abroad in other areas of textile
fabric usage. To say that we are in an era of revolutionary change

in textiles has become a trite expression. Yet, at times, one wonders
if the implications of this transition stage are being considered fully
from the standpoint of ultimate potentialities ~° known materials

both in the field of fibers and in the general chemistry of applica-
tion of coatings to textiles.

It is most important in a world situation such as we live in to-
day -- in which we and our children are going to have to live for a
long time to come, assuming that the Communists remain faithful
to the Marxist dogma that the capitalist system will cu..apse with-
out external help -~ that we find ways to maintain a rate of tech-
nological progress which will assure provision to our Services of
the most efficient equipment which the textile and coating indus-
tries can produce. That is our task in the Military Services --
rather it is our joint task: for you in the industry, and those of us
who design military equipment, to provide the stimulus to our best
minds in this field to assure such a rate of technological progress
in this field.

Chairman Backer: Thank you, Dr. Kennedy for this interesting dis-

cussion of Army requirements for Fabrics for Coating.

The viewpoint of the military consumer is represented not only
by the Army Quartermaster but also by a Naval Group as well as by
representation from the Alr Force. The next speaker represents the
Philadelphia Shipyard and is in charge of the Textile Development
Group at that yard, Mr. Robert Grubb.
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NAVAL APPLICATIONS FCR COATED FABRICS

Chemistry from St. Joseph's College in 1941. He
has been on the staff of the Industrial Test Labora-
tory, Philadelphia Naval Shipyard for 17 years and
currently is Head of the Textile Unit of the Develop-
ment Section. He is the author of several papers on
fire retardant materials and protective clothing for
naval fire fighters and is co-author of one patent.

The design, operation, and functions of the ships of the United

States Navy, are becoming increasingly complex with each launching

or ship conversion. Naval architects continually are searching for
improved methods of ship construction by incorporating the latest
advances in science end technology into their designs. As the
ships become more efficient and versatile, their operatio::’ r2-
quirements become more complicated, and as these functions be-
come more specialized, the equipment required to operate the ships
at maximum efficiency becomes more novel. Although most of the
modifications refer to the armament, propulsion apparatus in the =
machinery spaces, hull structure, and the operational facilities;
still there are a number of changes that have occurred, particularly
among the types of auxiliary equipment with which the ships are
outfitted, which involve the use of textile items.

During the period between World War I and World War 11, the
textile items employed aboard ships consisted almost entirely of the
conventional hammocks and living quarter furnisi.ings found within
the ship, and the untreated cotton duck, bunting, and ropes found
topside. Just prior to the start of World War 11, fire-, water-,
weather-, and mildew-resistant duck was substituted for the un-
reated cotton canvas and synthetic fibers were employed essential-
ly for the manufacture of curtains of various types. At that time,
Fowever, there was little or no thought given to the development of

lightweight fabrics for topside covers; to the manufacturer of the
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various types of inflatable boats, rafts, and !ife preservers used
today; to the design and fabrication of immersion suits, clothing,
and equipment for our underwater demolition teams; to specialized
protective clothing for fire fighters and those engaged in decon-
tamination work; or to the development of fabrics for gun bucklers,
berth covers, and firc-resistant artificial upholstery leather. rol-
lowing World Wear 1I, the above development giograms were initia-
ted as rapidly as funds, equipment, and personnel became availa-
ble; their need had been shown as a result of service experience.
In each instance, the success of the project, either directly or to
a great extent, rested on the development of suitable coated fabrics.
Today, the Navy still is concerned with the development of light-
weight coated materials for fabrication into lifesaving eonipment.
These items I would like to discuss in somewhat greater detail.

The Navy currently uses fire-, water-, weather~, and mildew-
resistant canvas topside to cover lifeboats, gunc, searchlights,
hatches, cargo wells, and similar deck equipment, Also, con-
siderable yardage of treated canvas is used in making deck awnings.
Procurements of this material is from a list of "Qualified Suppliers”,
most of whom make use of the same general type impregnant which
consists of an organic chloride (usually chlorinated paraffin), anti-
mony oxide, an acid acceptor, mildew inhibitor, suitable pigments,
and a resin binder. The add-on-weight due to treatment of an ac-
ceptable fabric is usually between 40 and 50%. Canvas impreg-
nated in tihis manner performed well during World War II and is still
being purchased because it does a satisfactory job at a reasonable
price. According to the Federal Supply Stock Catalog, the cost per
yard of treated canvas 42 inches wide is $1.55. To illustrate the
serviceability of treated No. 4 canvas, the Industrial Test Labora-
tory of the Philadel phia Naval Shipyard recently completed a series

of outdoor weathering studies on a sample of treated canvas procured

3]




from the normal production of one of the Navy's "Qualified" sup-
pliers. The data presented in Table 1 show the properties of the
fabric after exposure for onc year at the United States Naval Re-
search Laboratory, Tropical Exposure Site, Coco Solo, Canal Zone;
at Cape May, New Jersey, a marine environment; and at the Phila-
delphia Naval Shipyard (Industrial Test Laboratory), an industrial
site.

The disadvantages of impregrated canvas are essentially its
weight, crockiness, difficulty {n shedding ice, and its relatively
dull, unattractive appearance. There is not much that can be done
to overcome these objections; they are basic to the characteristics
of a good, serviceable product. A lighter base fabric or the appli-
cation of less compound could be employed to lighten the weight,
but this also would result in a less durable cover. The resistance
to crocking of the finish has been improved tremendously over the
years, but handling of treated canvas usually still causes an ob-
jectionable color transfer to the hands and clothing. In cold
climates, when the cotton fibers or the spaces between the threads
become wet, not only will ice form which cannot be readily dis-
lodged from the surface of the fabric, but the face itself can be-
come so stiff and rigid that its handling is all but impossible. The
appearance of treated canvas is not attractive initially and, in
general, the treated canvas soils rapidly and fades -- dirt clings
to its surface because of the tackiness of the finish, Treated canvas
cannot be wiped clean but if cleaning is essential it must be
laundered. This frequently adds to the faded appearance of the
canvas and may decrease the efficiency of the impregnation.

Since even with these known defects treated canvas has per-
formed well, it is logical to expect that any suitable canvas substi-
tute must possess all of the essentially good properties of treated

canvas, must elimi..ate some or all of the undesirable features of
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canvas without adding any new objectionable properties, and must
remain competitive cost-wise. By cost-wise I do not necessarily
inean the price per square yard but a cost~durability relationship.
The question now arises: Are there coated fabrics which conform
with these requirements and, if there are, hovv shall they be speci-
fied for procurement?

During the past year, particular interest has been shown by a
number of naval shipyards in the use of vinyl-coated nylon fabrics
for awnings, tarpaulins, and equipment covers. Several of these
shipyards have initiated experimental installations of this type
fabric aboard Fleet Units. In general, they report the following
chief advantages gained through use of the fabric:

1. A lighter weight cover and consequently easier
to handle.

2. A cover which can be stored wet without mil-
dewing.

3. A waterproof cover.

4. A cover which is resistant to abrasion and
attack by acids, alkali, olls, or stack gases.

5. A cover which is easily cleaned and repaired.

6. A cover which is durable in both marine and
industrial environments.

7. The fabric is available in a wide range of
attractive colors.

All of these properties are desirable in coated [abrics for naval use
and it will be extremely interesting to observe how these trial
installations perform as their period of serviceability is extended.
In view of the continuing need for lightweight coated material
aboard ship, the Bureau of Ships has assigned the Industrial 7Yest
Laboratory of the Philadelphia Naval Shipyard the task of evaluating
commercially-available lightweight coated fabrics to determine their
suitability as canvas substitutes. Approximately 40 materials have

heen receivud for evaluation trom various coaters. These have
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included various weights of vinyl-coated nylon, including those
brands being used by the various shipyards in their service instal-
lations, wrll s neoprene-coated nylon, neoprene-coated Forti-
san, vinyl-coatc rayon, vinyl-coated cotton, and Hypalon-coated
nylon. Tests to which these materials were subjected were the
customa:y laboratory evaluations to which tre«ted canvas would be
subjected and included construction, breaking and tearing strength,
fire- and mildew-resistance, water permeability, flexibility, heat
aging, and accelerated weathering. In addition, these materials
were exposed outdoors for one year at Coco Solo, Canal Zone; at
Cape May, New Jersey; and at the Philadelphia Naval Shipyard.

All tests have been completed on 22 samples; all but the exposures
at Coco Solo have been completed on 13 additional materials. None
of the vinyl- or neoprene-coated nylons in these groups is entirely
satisfactory for use in place of treated canvas. All burned ex-
cessively. Following outdoor weathering, the strength retention of
botb type materials ranged from very good to very poor, apparently
depending on both the formulation and the thickness of the coatings.
It was noted that many of the vinyl coatings were stiff and boardy
and the film had slightly separated from the base fabric of a few of
the samples. Many of the neoprene~coated samples also became
quite brittle, with the coating dusting or chipping and flaking off
the base material. The Laboratory's accelerated weathering program,
fortunately, also caused some delamination of the vinyl-coated
materials whose film separated from the base material and therefore
may serve as a suitable performance check on this property. Un-
fortunately, accelerated weathering did not cause flaking of the

coating from those neoprene-coated nylons which weatheied poorly

outdoors. Figs. 1-3 illustrate some of the effects of weathering.




Fig. 1. Neoprene-coated Nylon followinjy
exposure at Cape May, N. J. for 6 months.

Fig. 2. Vinyl-coated Nylon following accelerated weathering.
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Fig. 3. Vinyl-coated Nylon following
accelerated weathering.

Tests also were completed on three neoprene-coated Fortisan
materials and two vinyl-coated cotton ducks. The Fortisan samples
were not durable when exposed outdoors. The performance of the
vinyl-coated cotton fabrics was suitable in all respects but they
weighed approximately 25 oz/sq yd, which is much heavier than
desired. On the basis of the performance of the samples whose
evaluation have been completed, the Department of the Navy has
not yet found a suitable lightweight substitute for treated canvas.
The investigation is continuing. Currently, several vinvi- and
neoprene-coated nylons whose coatings have been specially formu-
lated for fire resistance are on exposure. In addition, several ex-
tremely promising Hypalon-coated nylons and two vinyl-coated
cotton ducks whose finished weights are 12 and 17 0z/s8q yd re-
spectively are being evaluated. It is hoped that one of these
samples will perform suitably as a canvas substitute and that a
satisfactory specification can be written covering its procurement.

It still is not too late for participation in this investigation.

37




Samples or correspondence relating to this project should be ad-
dressed to the Development Section, Industrial Test Laboratory,
Philadeivhia Naval Shipyard.

The functional efficiency of lifesaving equipment also is a
matter of vital concern to the Navy. Because of the limitations of
weight and space aboard ship, this equipment is usu2'!'; cf 2. in-
flatable rather than a rigid construction. Natur=lly, this involves
the use of coated fabrics. The plans and specifications for the
Navy's inflatable lifeboats were prepared about 1945 but large scale
procurement was not initiated until approximately 1950. This type
boat made use of various weights of neoprene- and natural rubber-
coated materials. As to be expectad, many defects were found in
the first models produced. Some were noted and correc.c.. almost
immediately, others became obvious only after service. For ex-
ample, recently, while performing check inflation tests on boats
currently in use, it was found that large blisters formed on the in-
flatable tubes at less than operational pressures. The "blistering"
of these tubes preceded a rupture of the fabric and the consequent
collapse of that portion of the boat. It was observed that the blisters
were characterized by the complete or nearly complete degradation
of the cotton base fabric and that the musty oder associated with
mildew usually was prevalent. Subsequent tests ind!cated that
actinic forces, acidic conditions from stack gases, and dearadation
of the neoprene coating had not appreciably intluenced the extent of
deterioration of the tube fabric, but that fungi was primarily responsi-
ble. The substitution of nylon for the cotton base material appears
to have corrected this defect -- time will tell!

Other defects have not been so easy to overcome so that over
the period of the last eight years the various design and material
changes have increased the weight of the boat from 240 to 385

pounds. A piece of equipment which initiaily was difficult to
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handle is now almost unmanageable because of its weight and bulk.
One manufacturer claims to be able to reduce the boat's overall
weight by 60 pounds without reducing its efficiency or performance.
This is accomplished by the substitution of a newly-developed 15
oz neoprene-coated nylon for the 30 oz 9A type fabric specified in
Military Specification MIL-C-17415. Accordiag to the exhibitor
the proposed fabric substantially conforms with all the present re-
quirements for the heavier material. Laboratory tests have so well
confirmed the manufacturer's claims that considera:ion is being
given to the fabrication of an experimental boat using this new
material, There are other opportunities for saving weight in the
manufacture of these boats through the use of alternate materials
for those presently specified. It is hoped that the coating industry
will grasp this opportunity to assist the Navy in this development.
The fabrication of carbon dioxide inflatable life preservers for
our underwater demolition teams from lightweight, uncured, double-
coated fabrics also is a new development of interest. These jackets
after assembly from the uncured stock are vulcanized in heated-
pressure ovens. It is believed that this process will increase pro-
duction and lower the cost when compared with the results of the
current manufacturing technique in which precured, single-coated
fabrics are assembled with cements which cure at ambient tempera-
tures. Also, it should improve the jacket's gas retention and re-
sistance to abrasion and result in stronger and more uniform seams.
Thus far three small experimental lots of jackets have been produced
using combinations of neoprene and Hypalon coatings with nylon and
Dacron base fabrics. The efforts to produce preservers from Hypalon-
and neoprene-coated Dacron were discontinued because of the rela-
tively low tearing strength of the materials after vulcanization. Ex-
periments with Hyralon-coated nylon also were stopped because of

the low coating achesion erd ine difficulty of handling lightweight
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materials coated with a thin layer of Hypalon. However, several
11 oz and 12 oz neoprene-coated nylon materials have shown a
great deal of promise and justify continuation of this program.

This discussion of Naval Applications for Coated Fabrics has
referred to only a few of the textile problems with which the Bureau
of Ships currently is confionted. The successfu) maintenance of
the United States Fleet ac the efficient operatioual force that it is
today, to a great extent, depends on the continued support of indus-
try in solving these problems as they arise. In the p:st, the textile
industry and the textile coaters have been generous in their support
of the various Naval programs for the development of improved
textile items for shipboard use. This assistance is appreciated.

Chairman Backer: The role of coated fabrics in the Air Force will

be discussed by Mr. Jack Ress. Mr. Ross is in charge of the
Functional Textiles Section of the Textiles Branch, Materials Labora-
tory, Wright Air Development Center, Wright Patterson Air Force Base,
Ohio. We have known Mr. Ross for some time and we know he will
bring you an extremely interesting presentation of the views of the

Air Force on requirements for coated fabrics.

THE ROLE OF COATED FABRICS IN TODAYS AIR FORCE

JACK H. ROSS -- Graduated from Texas Technological
College, having received = 5. S. in Textile Engi-
neering in 1948. Prior to working with the Air Force,
he was in the Quality Control Laboratory of Borden
Mills, Kingsport, Tennessee, handling quality control
problems, laying out new fabric patterns, and evalu-
ating textile equipment. Since 1951, he has been
Chief of the Functional Textiles Section of the
Textiles Branch, Materials Laboratory, Wright Air
Development Center. In this position he has been
responsible for parachute fabric and coated fabric
research and development. Previous publications
include "Changing Trends in Requirements for Para-
chute Materials", Dyestuff Reporter, July 1957.
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The use of coated 1abrics throughout the Military can be com-
pared to a meteor in its rapid ascension. Since coating of fabrics
was tirst conceived, military-type applications always come to the
front primarily because of the protection from environmental con-
ditions. Looking at the area which encompasses the Air Force, the
use of dope-treated fabrics for aircraft surfaces appeared almost
mandatory from the first aircraft flight. But iuday we're not inter-
ested in aircraft using dope-treated fauric surfaces. In this age of
high speed aircraft, many uses exist for coated fzbrics. Some of
the present uses of coated fabrics on or in aircraft are wing covers,
wheel well covers, engine covers, canopy covers, maintenance
shelters, upholstery, floors, wainscoatings, headlining, aiieron
seals, thermal curtains, and heat duct shields. In clothing coated
fabrics are used in fuel handlers suits, exposure suits, and pres-
sure suits. Coated fabrics are also used in jet engine start up
heat ducts, aircraft ground heating ducts, survival tents, lifc
rafts, and life vests. It is apparent that a number of combinations
of fibers with coating compounds are used. Most important of the
fibers are cotton, nylon, and glass. In the area of coatings; vinyls,
chloroprenes, natural rubber, silicones, and butyls are used to
impart the desired protection. To discuss this entire field of uses
and all of the needs for better materials could consume this entire
conference. Accordingly, it k:comes necessary to limit this dis-
cussion to some of the more important areas where coated fabrics
play or should play an increasingly important role. In conjunction
with this coverage i would like to spell out some of the more im-
portant requirements that exist for specific coated fabrics and those
that exist for a general category of end items. Some of the unique
or exotic type of requirements bear more consideration and study
than the normal recuirements of strength, weight, tear, and other

factors. In discussing these various uses [ will break them down
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into the categories of shelters, aircraft covers, aircraft interior,
clothing, and miscellaneous. A certain degree of relationship
exists between the items in the first three categories; shelters, air-
craft covers, and aircraft interior.

In the area of shelters used to protect engines and mechanics
while making repairs in the field, the J-7 shelter is still standard
where hangars are not feasible. Today we have changed from the
vinyl-coated cotton to vinyl- or neoprene-coated nylon. Our speci-
fication MIL-C-20696 seems entirely adequate here. The nylon has
eliminated the problem of mildew or fungi. In addition, greater
resistance to wind damage can be obtained. This improvement in
resistance to wind can be attributed to first Orlon and now Dacron
sewing threads in conjunction with the coated nylon cloth. How-
ever, this type shelter is definitely fading out of use. The practice
now is to utilize a portable or transportable metal hangar to cover
the front part of the aircraft. Coated fabric will be used only a-
round the protruding aircraft fuselage. Here again standard coated
nylon is suitable. Therefore, in the area of maintenance shelters
present materials are entirely satisfactory. The most important
factor is the use of chloroprene coatings. This is based on outdoor
weathering and artificial weathering tests that reveal greater pro-
tection is obtained from chloroprene than from an equal thickness
of vinyl.

The area of protective covers for aircraft continues to be one
where improvement of materials is necessary to fulfill the needs of
the aircraft uses. There are four major components of aircraft which
vtilize covers. These are wings, engines, wheels, and transparent
openings. Wings and transparent openings will be of concern to us
today. The covers for engines and wheels -- other than changing
to coated nylon (chlrroprene mostly) -- have changed little, except

in configuration. Wing and so-called canopy covers are of
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considerable importance. Each of these covers have a definite

. nlace in todays combat aircraft. The wing cover of today is taking
on considerable importance due to maintaining aircraft on combat
aiert. Since aircraft must be airhorne in less than 15 minutes, a
need exists for protective covers which can be jettisoned with mini-
mum of effort. Although this is or could be a design problem, the
fabric is still involved. An example of pres.nt day covers is shown

in Fig. 1. Weight and strength still remain as key factors in the

Fig. 1. Wing and canopy protective covers.

material part of a wing cover. Another important factor is the a-
bility to withstand short-term jet blast. Because of snort alert
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