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FCREWORD

The soldierts personal clothing, equipage, and ancillary equipment
ars designed and engineered to provide, to the extent possible, maxirmum
protection and comfort under virtually all climatic conditions which
may be expected to be experienced throughout the world of military
operaticie.

The problem of keeping a soldier dry in wet climatic cunditions is,
in onc sense, the responsibility of the clothing system., Methods,
whereby textile materials assume and accomplish this function, have
recelived considerable attention cver the years at the U, S, Army Natick
Laboratories, From these efforts, new fabric weaves and water-repellent
finishes have resulted in significantly improved materials, clothing
items and terntage which can protect the soldier in wet enviromments.

Leakage of moisture through seams, however, has been shown to be a
persistent problem not easily resolved, levertheless, even here,
significant improvements have been realized by the introduction of
water-repellent thread and selected seam constructions, With the
introduction of lightweight coated labrics, special prublems arose
somewhat different from uncoated fabrics. Coated fabrics, being
escentially a homogeneous organic polymeric matrix laid upon a base
fabric, at sewn seam junctures, are particularly vulnerable to
moisture leakage, Present technignes to prevent leaksge at sewn
seams of coated fabrics requirc a post hand-sealing operation which
involves several applications of a sclected sealant laborivusly
applied to one or both sides of the coated fabric sewn seanm,

The purpose of this study, therefore, was to investigate and better
understand the problem of moisture leakage through sewn coated fabxic
seams, From an improved understanding of this problem, it was hoped
that available avenuas cculd be developed that would make it possible
to construct sewn seams in coated fabrics, particularly in ponchos
and raingear, that would eliminate the need for post-sealing treatments.

The assistance of Mr, Alan McQuade, Chief, Chemical Modification
of Textiles Branch, Clothing and Personal Life Support Equipment
Laboratory and members of his staff, Messrs, Stanley J, Shurtleff,
Charles Macy, and Walter Koza is hereby acknowledged with apprecietion,
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ABSTRACT

Bxtensive investigations of sewn seams in coated fabries have
Leen conducted., The relative role of thread, sewing machine ccmponents,
stitch and seam types and properties of fabrics have been evaluated as
parameters involved in seam leakage, Utilization of various experimental
seam constructions, gasketing, application of heat during seam sewing
and other techniques were sttempted as potentially useful approaches
in combating seam leakage.

Results indicate “he miin source of leakage, under experimentally
generdted hydrostatic pressure conditions, to he in the folds of the
fabrie and the needle holes generated in the sewing operation. Post
gealing, accordingly, must be considered to be a necessary requiranent
for all coated fabrics to assure moisture-proof seams under field use
eonditions.




SEAM LEAKAGE IN COATED FABRICS

1. Introduction

Currently, military specifications(l) for items fabricated from
coated fabrics require that seams be scaled with a winimmm of three
coats of sealant made from the same material as the coating, This
procedure, if carried out properly, will result in a seam sealed
coated fabric that will pass the additional low pressure hydrostatic
test requirement of 50 CM for ten minutes (C.7k pounds/square inch).

The requirements described above have created a nurber of
practical difficulties for manufacturers of coated fabric items,
not the least of which is the considerable space required to lay
out flat, large numbers of lsrge items like ponchos for sealsnt
application and drying., Large-scale procurement of such items
multiplies the space requirements accordinglv., In addition,
unless the sealant is epplied very carefully, the hyd.ustatic test
requirements are not met and the items are subject to rejection.
The sealing operatim is, thus, a time-consuming and expensive
operation, in some cases representing as much as 15 percent of
the total cost of the item.

In an attempt to alleviate some of these difficulties, a
study was initiated to dotermine altermate methods of seaming.
Coated fabrics could be developed which would bypass the need
for a hand-sealing cperation and will at the same time meet the
current military specifications in regards to resistance to
water penetration,

2, Causes of Seam Leakage

a, cking of Thread

The puncture of a coated fabric by a sewing needle is the
initial dramatic action responsible for the problem being considered
here, namely, moisture penetration., Even when the needle hole is
immediately filled with a hydrophilic fiber thread such as cotten,
capable of swelling when wet to fill the newly fused hole, leakage
will teke place due to & wicking action of the sewing thread,

Wicking, f the purposes of this atudy, cen be considered
the movement of « Aalong the lcngitudinal axis of the thread,
Figure 1 shows &« typical wicking action of thread in a seam with
two rows of stitcnes. The wicking action in terms of rate and
quantity varies with the variable constructions of sewing threads
and with the basic molecular configurations of the fiber or
filament,







Threads, in terms of construction, may ccnsist of two or
more plies of yarn twisted together or multi-plied in which several
strande of previously plied yarns are twisted tosether to form the
final thread,

In the man-made fiber threads, yarns ccntaining merely the
fiber produczr's twist (less than 1 turn) are twisted togetner in
many plies (as high as 12) with less than *hwee turns of twist per
inch to form a final thread closely resembling a singie«ply thread,

Either hydrophilic or hydrophcbie fibers cr filaments may
be chosen for thread, Man-made fibers or filaments are generally
hydrophobic except viscose rayon, which is hydropkilic, The
natural fibers such as cotion and linen are hrdrophilic, The
hydrophobic fibers or filaments will repcl water, but under
certain circumstances will hold it mechanically,

When anv of these fibers or filaments are spun and tuisted
into textile yarns or thread, they will transport weter through
the lengitvdinal axis of the structure, As threads, the hydrophobic
filaments or fibers will transport :ater in a vertical or horizontal
plane through the mechanism of capillarity. In yaurns or threads
made with the hydrophilic or absorbing fibers or filaments, the
water is transported by absorption as well as by capillarity.

Factors other than lydrophobicity and hydrophilicity alsec
mst be considered, Smooth fiber surfaces, as for example, with
glass filament yams, generally have high rates of capillarity.
The amount of twist in a thread can be related to capillarity,
Twisting & thread creates small channels between the fibers and
thread plies and increases the tendency for cspillary atiraction,

Vertical rise wicking tests were made for five different
threads, Figure 2 shows curves taken from typical test data, The
end point of the test is reached when no further rise is measurable
ater extended time periods., All the threads carpared here were
chosen to be as similar in size or diameter as possible, Curves
are shown for two spun nolyester threads of the same physical
characteristics, the only difierence being thav the thread with
the higher rise contained a hydrophilic ingredient in the sewing
finiSho

Hydrophilic filamen! threails, such as rayon, have a faster
rate of capillerity then the hydrophobic filament polyester of
approxizately ti.e same physical characteristics (size, ply, filament,
etc,). The total rise is greater over extended periods of time,
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however, for the hydrophobic threads, Threads spun of hydrophobiec
fibers have sbout the sare rate of capillarity as the hydrophobic
filament threads, but the height to which the water will rise over
long periods of time is greater for the filament threads. The rate
of capillarity for cotton thread is greater than for any of the
synthetic rlber threads.

Rayon filament thread swells when we: (Figure 3a)., This
swelling, because of the interaction of the twist, causes the
thread to contract in length. When the thread is allowed to dry,
the fibers assume their normal size, the air spaces among plies
of yarn and among the filaments increase substantielly, but the
lengthvise cortraction of the thread remains, When the same thread
is tested with a weight on one end (Figure 3b), shrinkage do2s not
occur since the constraint imposed by the weight tightens the
twast and will not allow the fibers to swell to the same degree.
As a result, when the thread is allowed to dry with the weight
still in place, the distortion of the thread is minimal, The
weighted thread illustration is analogous to thread under tension
in a seam; thus, studivs of hydrophobic filament and fibrous
thread in seams show no measurable swelling or shrinkage.

The effect of knots in the threads was also studied to
determine if the capillarity is affected by knots, Sinple single
overhand knots (simlating to some degree the interlacing of
thread in the stitch type L4Ol) were made in the threads deseribed
above and were exposed to both vertical and horizontal wicking
tests, The knote slowed down the migration of the water consid-
erably through the rgyon filament thread. In the low twist
synthetic threads, the migration through the knots was at about
the same rate as through the unknotted portions. The passage of
the water through the knots of the highly twisted synthetic thread
was somewhat slower,

In most of the synthetic threads, the knote apparently had
no effect on the rate of passage of water. The water used for these
tests contained a small amount of pure blus direct dye used as a
tracer, By this method, it was relatively easy to follow the flow
of water through the threads when tested horizontally., However,
when the threads were tested vertically, the water rose at a much
faster rate than the dye after the first few minutes, Tracing the
Llov of the colored water through the rayon filament thread
revealed that the water crept between the plies of the thread faster
than it was absorbed by the fiber, This was confirmed by microscopic
obgervation of the thread after drying., Cclor was apparent between
filaments and plies although the filaments were not stained,







Additional observations on the wicking of thread structure
were made with a series of loops of thread, This was to show how
the water might be transferred from the exposed tireaa on the outer
sirface of the seamed (fsxbric t0 the protected thread za the underside
of the fabric, Minor'2) has stated that the transier of liquid ix
yarns crossing each other forms &« new reservolsr which feeds both
branches uniformly, A strand cf the thread was knotted to form a
continuous loop. Another strand of the same tlhread was passed
through the firet loop and kmotted to form a second loop, (This
represents approximately the condition of thread sewn in the
gtandard type 301 stitch and is similar to the inlerlooping of the
looper or bottom thread of ‘the type LOL stitech,) One loop was
sugpended from a laboratory stand over a battery jar of colorasd
water, The cther was weighted and immersed in the water bath with
a catenary submerged two inches below the surface of the water,

The water, as expected; climbed up both sides of each loop at the
same rate, When the liquid reached the interlacing of the two
loops, it transferred from the submerged loop to the suspended
loop and travelled outward and upward equally from this poiat up
each strand of thrisad in the suspended loop,

}ﬁ_Fpation of Water Through Thresds Sewn Into Water=
Repellent Fabrics

To learn more about the migration of liguid thrcagh seams,
the cotton, rayon, and polyester uareads were hand-sewn through a
very tightly woven cotton warp-rayon filled tentage fabric treated
with a very effective motallic salt-wax-type, nondurable, water
repellent compound, It is common belief that when threads made of
swelling fibers are sewn into seams; they will swell when wet and
£41)1 up the needle hole to prevent leakage. Apparently, little
thought has been given to the migration of water through the thread
after it is wetted a.d allegedly swelled. A hand~-sewing needle
0,080 inch in diameter was used to pass a loop of each thread
through the faebric, The loop was drawn approximately three inches
below the bottom swrface of the “abric and a 3/k ounce weight was
placed in the catenary, The rabric was suspended over a laboratory
Jaxr so that the weighted loops were submerged two inches, The ends
of each of the loops werse left two inchec long and were lsid
horizontally on the top surface of the fabric, One inch squares of
blotting paper were laid under the ends, The rate of wicking of the
threads was measured in terms of the time required for water to pass
through the fabric and wet the blotters.

This testing showed that the rate of travel of waler through
the fabric was no different than the rate at wihich it travelled up the
strands until it reached the under surface of the fabric, It is




obvious from this test that the migration of water will take place
through absorptive materials in a seam despite the fact that swelling
might occar to further jam the needle holes, It was also obvious that
the man-made hydrophobic filament threads transported the water at a
slower rate than the rayon filament or the cotton threads,

Cotton threads treated with Quarpel(3) and polyester thread
treated with a nondurable water-repellent finish were alsc tested to
determine the e¢ffect of water-repellent finishes on the wicking
properties of thread. None of these threads showed amy signs of
wicking over long periods of time, though all other threads tested
showed wicking, Thus, despite the size; type of fiber or filament,
twist; and other mechanical properties of the thread, water-
repellent treatment is 2 necessary requirement for the thread used in
any water-repellent system,

b. Process of Sewing

When a sewing machine needle is plunged through a tightly
woven fabric engineered to be wind and water-resistant, it is not a
sinple problem of separating the yarns in the fabric to deposit the
two strands of threwd left in each needle hole, The yarns are so
tightly woven together that they have no place in which to movey
therefore, they are actually cub across their width by the needle,
This leaves the ends of yarm which are carried through the fabric
to the underside with the needle and are brought back to the swface
of the material when the needle and thread are withdrawn, Evidence
of this is particularly noticeable in fabrics which have poor dye
penetration: the cut ends of the yarns show up as light specks
along the line of stitching. These cut ends; along with the other
yarns in the fabric, presc against the strands of thread left in
the needle hole, The needle hole, as a result, ig closed with some
compressive force around the thread. In Figure L, typical needle
holes are shown after the thread has been withdrawn, The cut ends
of yarn now £ill the holes as a result of the release of these
compressive forces,

The mechanical properties of the thread in a seam must be
considered concurrently with making seams water-repellent, The
seams of water-repellent items must b2 engineered to provide the
strength required by the end item as well as providing for water
resistance, Thus, the size thread and stitches per inch are
selected for the desired seam strength. The needle is then chosen
to it the required thread in its eye and groove, The eye and
groove of & standard needle is approximately 27 to 33 percent of
the diameter or width of the needle, Therefore, the largest size







thread in bulk that can be used is about one-third the diameter of
the needle, allowing for some compression of the thread in the eye.
The eye of the needle is an oblong slot (Figure 5) about twice as
long as it is wide, so that a compressible thread has room to
flatten sut,

The thread, then, is about one-third the size of the needle
hole made in the fabric, disregerding that the tightly woven fabric
will recover from the deformation of the needle and close around
to neck the thread even though one or more yarns are cut, When the
needle passes through the fabric, it carries two strands of thread
through with it. In the atitch type 301 the loop of needle thread
is interlaced or twisted around the bobbin thread 1/2 turn and a
loop is formed that ie pulled up into the material sewn, when the
naterial is sufficiently thick to permit it. Thus, when the
needle is withdrawn from the fabric, it leaves, theoretic s hot
two but four strands of thread in the needle hole (Figure 6a),
Considering that the single strand of thread is one-third the
diameter of the needle and the eusuing hole left thereby, the
amount of uncompressed thread left in the hole is equal to one and
one-third times the size of the nesdle or hole, However, the crosa
sections of the threads are not solid masses or rods and in the
uncompressed state may conaist of 50 percent air,

In the other popular stitch for industrial sewing, type LO1
(Figure 6b), a lcop of the needle thread is passed through the
fabric and interlooped twice with the looper thread., Unlike stitch
type 301, the underthread is not pulled up into the fabric but forms
a tight knot-like structure with the needle thread, which is pulled
up to, but not into, the needle hole on the undersurface of the
fabric, This knot will tend te block off the needle hcle bscaure
it is larger than the hole,

The prineipal observation is that ths needle hole is well
filled with thread as the stitch is mede, Therefore, water of
normal sirface tension could be expected to have a difficult time
passing through the needle holes in a tightly woven, well~treated,
water-repellent textile fabric, The capillaries, however, have
been :reduced and thus the force of capillary attraction potentially
increased, Under the forcea of the hydrostatic pressures involved
the needle holes may be expected to increase in size,

c. Effect of Machine Components
(1) Needle

In addition to the standard round point (also called
cloth paint), needies are made with a variety of cutting points,
such as triangular point, dismond point, and spear point, A1l of
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Figure 5, Shape of the Needle Rys
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these needles inflict greater fabric damege and, as a result, generate
moxe heat than the straight round point needle, The larger the needle,
the greater the damage to the fabric and the higher the heat generated,

The sirength required by the end use of the item is of
paramount consideraticn in engineering a seam and, therefore, needle
aize must be considered carefully. ‘Increasing the number of stitches
per inch so that the finest thread and needle can be used is generally
advantageous, Thus, twelve small holes per inch rather than six lsrge
ones would be more desirable, The minimum size of needle that can be
used will dspend upon the resistance of the fabiic, The force
required to push a needle through a dsnse coated fabric and croas
previocusly made seams can be great enough to cguse a fine needle to
deflect, skip stitches or even break,

Multiple plunging of a needle through the folds of
materiel in a seam tears holes in the fabric, The pressure of the
presser foot on the fabric can be very high bul nevertheless is
necessary to insure proper feeding., This causes the fabric under the
foot to campact., Specific coatings vary; however, polyvinyl chloride
coatings which have high coefficients of friction resist sliding over
machine surfaces and make the feeding in the sewing operation that
much more difficult,

The coating and the clamp formed in the machine between
the presser foot and the throat plate prevent the fabric yarns from
moving away from the plunging needle and they are consequeutly cut
through, The standard round point needle acts like a wedge, having
a very amall point which increases over a very short length to widthns
of G40LO to 0,050 inches across the eye, When the point first enters
the material, the wedge part of the needle attempts to separate the
yarns at very high ratee of speed, The yarns cammot deform at this
ratz aad the very short lengths captured in the clamp camot elongate
sufficiently to affoxrd the greater length of yarn required to pass
around (1/2 circumference) the needle, The yarns thereby can fail
in tension, This resistante of the fabric to open for the passsge
of the needle is responsible also for the heating of the needles,

(2) Throat Flate

The throat plate of the machine generally contains the
feed and the hole through which the needle (after geing through the
fabric) must pass to present the loop of needle thread to the loop
taker of the sewing machire, On light to medium heavy machines
making stitch type 301, these holes are round, Heavy machines with
needle feed mechmisms have an elliplical hole in the feed to permit
travel of the needle, On machines making the stitch type LOl, the
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shape of the plate hole is also ellipticals The reuson for this shipe
on the latter machines is o0 allcw the chain mede on the back of the
gean to paas from beneath the plate to the top surface,

The size of the throat plate hole must be reascnably close
to the size or diameter of the sewlng needle, If the thivat plate hole
is too large, the descending needle forces the fabric into the hole and
nakes it more dlfficult for the needle to pass thvuugh, resulting in
greater fabric damage and higher needle heat,

If the throat plate hole size is regulated with a clearance
of approximately 0,015-inch (for a needle 0,0L40-inch, the throat plate
hole would measure approximately 0,055-inch), the clamping between the
presser foot and the throat plate over the hole will be more effective
and fewer fabric yarns will be cut at each needle penetration than
with a large throat plate hole,

(3) Pressex Foot

In addition to contrelling the size of the throet plate
hole, it is alsc important to have a correctly shaped presser foot.
It first mst match the shape of the feed, Also, the clearance
between the toes and the needle should not be any greater than the
clearance belween the needle and the walls of the throat plate hole.

Besides helping to form the feeding clemp, the presser
coot must also push the fabric off the needle as the needle rises.
If the clearance between the toes of the foot and the needle is
large, the fabric is dragged up between the toes of the fcot by the
needle and damage can be incurred here as the needle is pulling ocut
of the fabric,

Everything which takes place in a sewing machine
operation occurs at a high rate of speed, Machines are often run
at top speed, even in same cases exceeding the speeds recommended
by the sewing machine manufacturers, The above factors become even
more cxritical as the speed of the machine increases.

(L) Feeds

Talc and mica dusted on the fabric, to offset tackiness
after coating, affords some lubricity to the fibric surfaces during
the sewing cperation, Unfortunately, most of the dry lubrisants are
dusted off in the cutting end handling of the fabric, In oxder teo
obtain a proper feed or flow of the aterizl through the sewing
machine, fabricators have found it necessary, therefore, to apply
wet lubricants to the edge of the materials as they are being sewed.




It has been determined through proper testing that specific lubricants
such as weter and isopropyl alconol have no adverse effect on the
coating, the water-ropellent tr tment of the thread in the reams, and
the sealing of the seams,

On long seams on the lightweight poncho, close coupled
pullers (two superimposed rollers, onec driven, behind the presser foot)
or driven top roller pressers will augment the feed of the machine and
eliminate the need for lubricants, Many manufacturers do not evaluate
the augmenting feeds properly and do not have pullers or roller feeds,
Thus, & combinaticn of the high presser foot pressure and the drag of
the feed tends to cause great damage to the fabric as the needle is
driven through, This high presser foot pressure also causes ths serrated
feed dog, particulariy when new, to puncture the coating and expose the
base fabric yams (Figure 7) and/or scrape and peel it from the fabrie,
This damage can be prevented by honing the sharp edges of the feed,
setting it lower in the machine, and employing one of the ~mgmenting
feeds,

Additional damage in the area of stitching is caused by
sewing thread abraizion of the fabric edge of the needle holes as one
stitch is being set and the fabric advanced for the succeeding stitch,
This damage can e reduced by employing needle feed machines with
campound feed and/or altern..’ ng pressers,

3, Leakage Through Coated Fsbrics

a, Fabric Properties

The role of the fabric in producing water-resistant seams is
as important as that of the thread, The fabric must be well-treated
(if a tightly woven textile fabric) so that low surface energy is
developed to cause droplets of water to form beads with high surface
contact angles. This phenomenon causes the normal water to bridge
the hole made by the sewing needle and prevent its seepage through
the folds of the seams (Figure 8). Thus, seams can be made ir this
type fabric (all cotton poplin treated with Quarpel) with water-
repellent thread that will withstand shellow static water up to 0,036
psl for very long periods of time, Seams made with Quarpel-treated
cotton thread in Quarpel-treated raincoat fsbrics have wlthstood
sbulated rainfall of one inch per hour for more than seven (24 howr)
days. Tents of cotton duck with good water-repellent finishes sewn
with nondurable, wat~r-repelient polyester thread have withstood
simiated rainfall of one inch per hour for similer periods of time,




Figure 7, PFeed Punctures
Exposing Fabric Yarns




Figure 8, Beading of Water on Low Surface Energy
Poplin Fabrie snd Water-Repellent Threzd
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Even textile fabrics and seams sewn with water-repellent thread
will not withstand high hydrostatic beads of water for any measuraeble
period of time., Table I, colum 1 demonstrates this fact by comparing
the hydrostatic resistance of three military clothing fabrics treated
with Quarpel and 2 cotton duck treated with a nondurable-type water
repellent. Even though these fabrics showed high hydrostatic resis-
tance, leakage ocrurs almost immediately.

The best seam (colum 2) was type LSc-2-401 in the 9-ounce
cotton sateen (Figures 6b and 6¢c), sevn with 12 stitches per inch
and Quarpel-treated thread, which withstood pressure of only 36 cm.
The effect of the needle holes stands out quite clesarly when columms
1 and 2 are compared,

TABLE T
COMPARATIVE HYDROSTATIC RESISTANCE OF WATER--REPELLENT

MILITARY FABRICS AND SEAMS 1 2
Fabric ¥ab Seams
lcmg {cm)
9 Ounce Cotton Sateen, Quarpel Treated L6 .36y
5.5 Ounce Cotton Werxp = Nylon-Filled Oxford, 55 351/
Quarpel Treated Y
5.0 Ounce Cotton Poplin, Quarpel Treaied 56 32-/
2
12,29 Ounce Cotton Duck, FWWMR,# nondwable irsated 4O 30

1/ 1Sc-2 seams sewn with 12 stitches per inch Quarpel-treated thread,

2/ 1Sa-l seams sewn with nondwrable, water-repellent-treated,
polyester thread.

b, Vertical Wicking Test

The verticel rise wicking test was conducted as follows:
Specimens were cut one inch wide and approximately 10 inches long,
One end of each specimen was fastened to a horizontel amm on a
laboratory stand above a jug of water, A weight of approximately 3/4
ounces was attached to the other end of the strip. The strips were
lowered into the water until the weighted end was twe inches below
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the suvface. The time of entxy of the strips into the water was recorded
and observations were msde at 5 mimute intervals for the first 15
minutes, and at 15 minute intervals thereafter. The rise wes measured
to the nearest 1/16-inch, The results are shown in Table II.
TABLE II
COMPARISON OF THE VERTICAL WICKING OF WATER-REPELLINT

TREATED AND NON-WATER.REPELLENT SINGLE COATED FAERIC

Rise in Inches

Fabric Untreated Ireated

Time/Mins
5 2 0
10 4 0
15 6 0
30 10 0
Ls 11/16 ]
60 12/16 0
(4 12/16 0
90 12/16 0

7 o e °

The water hegan to climb on the untieated fabric specimens
ixmediately on contact with the fabric and progressed to a point 3/4
inches above the water level after 60 mimutes. The specimens showed
no change after two additional 15 minute periods, The specimens
were left exposed overnight for an additional 17 hours and showed no
change., On the other hand, no wicking was detected on the water-
repellent treated specimens after the entire exposure of 1684 hours,
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Ce Mechanisms of Seam Leakagu

Two types of fabric were employed in this study. One was a 1,1
ounce, ripestop, nylon base fabric coated on one side with a polyurethane
coating having a total weight of 2.5 to 3,25 ounces/square yard, The
second was & nylon twill base fabric coated heavily on one side and
lightly coated on the other with polyvinyl chloride, a total wedght
of 6 to 7 cunces/square yard.

In sewing, both fabrics have individual characteristics, Both
coatings are thermoplastic, Each will melt in high-speed sewing when
needle heat is generated which exceeds the melting point of the
respective coatings, The lightweight material produces very little
needle heat when sewing four layers at high speed, as its density and
thickness are relatively low. On the other hand, the double-coated
fabric drags in the machine, retarding the feed, It is heavy and
dense; thus, considerable foree is required to plunge the needle
through four plies of this material, The result is that high needle
heats are generated and the coating is melted. In nearly all cases,
the base fabric yarns are severed by the needle., It is likely that
some of the yarns are melted by the hot needle, In any case, gaping
holes are left in the fabric after the sewing thread is withdrawm

(Figare 9).

Unlike woven textile fabrics, in which some means for removing
the mamifacturing tensions such as heat setting or sanforization
(compressive shrinkage) are used, coated fabrics are couted under
longitudinal stress, The yarns in such fabrics are nsver permitted
to reiax as the coating fills the interstices. When the yarns are
cut in sewing, they do relax, however, and withdraw from the point of
penetration to cause a hole. Additionally, the hot needle melts the
thermoplastic coating which shrinks and further opens the hole left
by the needle,

While the sewing needle is essentially round, the hole left
in the fabric is more of an oblong alot. The needle is neither a
punch nor a drill and does not remove material in making a hole, It
merely pierces the fabric and pushes the yarns aside, When the
sewlng thresd is deposited in the type of materials studied here,
the tensimn of the thread pulls on the edges of the hole to enlarge it
{(Figure 10), This material, which is both essentially inelastic and
fused around the needle hole, will not permit the yarn arcund the
hole to close and neck off the thread ‘o prevent seepage of water asg
would happen with uncoated woven fabrice.
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Figure 9. Neodle Holes in Double Coated Fabriec




Figme 10, Thread Tension Holding Needle Holea Open
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While coated fabrizs are waterproof, their surface enorgy is
high., Therefore, water dropped on them will not form heads but will
flow freely. Typical beading is shown in Figure 8. The difference
here is similar to the effect seen on an automobile swurface before
and after wax polishing. The low surface energy of the coated
surface will permit the water to seep through the smell aper. -es
of the needie holes around the thread aua flow between the folds of
fabric in the seam (Figure 10), Additionally, the cut ends of the
fabric yarns which project through the needle holes will wick water
through to the underside of the seam, If water-repellent thread is
not used in the seams, the thread will also be & source of leakage
by wicking water through the sean.

ke Tests of Sealed and Unsealed Seans
a, Jar Testy

The problems of seam leakage encountered with single coated
fabrics, with raincoats made of a l.6-ounce nylon twill fabric
coated on one side with polyvinyl butyral, having & finished weight
of approxl.nmteH 3.6 ouncespquare yard have been considered in an
earlier report ),

This study showed that the uncoated side of the fsbric had
high capillarity, When secams made into this fabric were suspended
over the mouth of the battery jar (Figure 11) and one inuh of
water was placed on the uncoated side, the water travelled through
the folds of the fabric at such a high rate that it was impossible
to measure, The water also flcived by capillarity up the sides of
the fabric, over the edge of the jar, and dripped onto the
laboratory bench,

A nondurable-type water repellent was applied tc a sample
of this fabric to determine if the capillarity of the febric
suface could be eliminated, Seam specimens were made in both the
non-water~-repellent and the water-repellent treated fabric with
non-water-repelient and water-repellent treated thread., Seam type
1Sc-2 (Figure 6¢c) was used as the test seam, The seam specimens
described and identified in Table III were subjected to the jar
teat.
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TABLE III

SUMMARY OF SEAM LEAKAGE TESTS

Spec-
imen Kinds of Seams Tested Initial Mechenisms of
No, Tabric Thread ame ocation
1 Standard Standard  Immediately Folds of fabr:'s
needle perfora.
tions and/ox
thread wicking
2 Standard Water Immediately Folds of fabric
repellent
3 Water Standard 55 mimutes Needle perfora=
repellent tions end/or
thread wickiig
L Water Water None after None

repellent repellent L8 hours

In the jar test (Figure 12), the seam specimens were suspended
horizontally over the opening of oblong-shaped jars (spproximately §
inches wide, 11% inches long, and 8% inches deep), with the cloth side
of the specimen up., The horizcntal plane of the fabric was dspressed
approximately 1% inches beiow the top edges of the jars to form a
basin, The edges of the material were drsped over the edges of the
Jars and securely and uniformly fastened by clamps on all sides.
Approximatuly one inch of distilled water at room temperature was
poured slowly with the least pessible impact into the basin formed
by the fabric, The time of entry of the water was recorded and
immediate observations were made,

Test results (Table III) showed that the water came through
the seams in the standard untrested fabric and thread specimens
almost immediately (Figure 13), (Specimen #1), Study of the sezm
revealed that the thread darkened in color, indicating that it was
absorbing the water readily, Water was observed secping through the
needls holes, This could have been wicked through by the tlixead, the
cut ends of the fabric yams, or forced through the holes by the
pressure (0,035 pounds/square inch) of the water on the specimen,
However, it was observed that water wae seeping between the layers of
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WATER REPELLENT TREA
FABRIC & THREAD

Figmre 12, Jar Test Equipment




STANDARD o
FABRIC & THREAD -

WATER REPELLENT TREATED
FAERIC B THREAD

Figure 13, Comparison of Leakage in Sesms Made With Standaxd
(Nan-Water Repellent Treated) Fabric and Thread
With Seams of Water-Hopellent Fabric snd Thread
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the coated fabric of the seam at a far greater rate, The water came
through immediately so it was impossible to evaluate the part that
each of the three potential mechanisms contributed to the overall
leakage, Several specimens were tested in this mamner with similar
results, The specimens made with untreated coated fabric and water-
repellent thread (Specimen #2) showed immediate leakege, but only
through the folds of the fabric,

Specimen #3 which was made with water-repellent treated
coated fabric and non-water-repellent thread permitted water to
seep through the needle holes again by wicking of the thiead in
approximetely 55 minutes, On the other hand, Specimen #4
(Figure 13) sewn with the water-repellent treuted coated fabric
and thread did not permit any leakage after 73 hours., The latter
specimen was permitied t» remain in test for hours and no
leakage occurred during this time,

b, Rainroom Testing

Raincoats made with the standard untreated coated fabris
and water-repellent treated coated fabric with water-repellent
treated thread were tested in the rainrcom at the U, S, Army
Natick Laboratories. The coats were subjected to one inch per
hovz simulated rainfall on live test subjects and examined at
15 minute intervals. The results of these studies are summarized
as follows:

(1) The raincoats made with the water-iepellent treated
coated fabric with no seam sealant kept the test subjects dry for a
longer periocd of time than raincoats made with the untreated coated
fabric and no seam sealant.

(2) Raincoats with one coat of seam sealant kept the
subjects dry for a longer period of time than the same raincoats
without the eeam sealant,

(3) Raincoats witk water-repellent treated coated fabric
and one coat of seam sealant {on the main joining semms) protected
the subjects for one hour exposure, whereas raincosts made with non-
water-repellemt coated fabric and one coat of sealant showed a small
percentage of seam leakage.

(4) On al11 thz raincoats (non-water-repellent coated
fabric and water-repellent coated fabrics) which had seams sealed
with two coats of sealant (on the sealable seams), no seam leakage
occcurred after one hcur exposure in the rainrocm, The raincoats
with the water-repellent coa*ed fabric showed slight leakage in
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enly one of 24 coats in the unsealed seams (collar stand joining seam,
pocket, and pocket welt jeining seam, and button stitching), whereas
the raincoats with the untreated coated fabric showed slight leakage
in the wneealed geams in 21 of 27 coats tested,

While these data show principally that sealed seams offered
greater protection than unsealed seams, they also show that the
water-repellent-treated coated fabric raincoats in unscaled seams
were superior to the coats made of non-water-repellent treated coated
fabric,

This investigation showed that the leaskage of ®seams in a
single coated fabric can be reduced by the application of a water-
repellent finish to the coated fabric and the use cf water-repellent
thread, Accordingly, a policy was established to include requirements
for water~repellency of the fabric and the thread in the raincoat
specification. Because of the similarity of this fabric (1,6 ounce
Butyl coated) to the cingle-coated; 1,1 ounce, rip-stop nylon Zabric,
these requirements were made part of the specification utilizing thsat
fabric,

5. Tests of Various Seam and Stitch Typeas for Hydrostatic Resistance

a, Standard Seam and Stitch Tvpes

There are two seam types ordinarily preferred for the manufac-
ture o2 ouvterwear items that are inherently more waterwresistant than
all other commonly used secms, These are the double-felled, doublew
stitched type LSc-2 seam (Figure 6¢c) and the seam turned and raised
stitched seam type LSq=2 (Figure 6d).

These seams are also preferrzd from a strength and durability
standpoint as both are made with two rows of stitches, Under ideal
conditions, the crosswise strength of the two are about equal, Seam
type 1Sc-2 is generally preferred fxrom the cost pcint of view as both
rows of stitches are sewn simltaneously; whereas, the 1Sq-2 seam
requires two separate sewing operations to put in the two rows of
stitching, The seam type L35g-2 is usually preferred for commorcial
itens because of its presumed better appcarance (less puckering)
than the type LSc-2 seam,

There are two major stitch types used in production aerr.i.ng.
They are stitch typ. 301 (Figure 6a) and stitch type 4Ol (Figure 6b),
Stitch type 301, commonly called the lockstitch, is made with two
threads: the solid lines represent the needle thread, and the
hashed lines, the bobbin thread, The bchbin thread is sewn from
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small bobbins under the bed plate of the machine, Figure 6b shows
that stitch type LOl is also comprised of two threads, This stitch
is generz’ly preferred for production sewing because the.looper
thread is sewn continuously from large packages of thread (cones,
tubes, and spools), whereas, the 301 stitch is more or less
intermittent because the machine bobbins from which the botbin
thread is sewn hold only a relatively small amoun® of thread, These
bobbins are wound on the machine during sewing and require frequent
changing which reduces the effective running time of the machine
during the course of the production day, Despite the difference

in the cost factor between the two type stitches, the 301 stitch
is preferred for making seam type LSq=2 and the stitch type L1
for the LSc=~2,

b, Hydrostatic Test of Standard Scams

To permit a direct comparison of the relative hydrostatic
resistance of the two stitch types, they were sewn dovn the center
of three layers of the materials, This procedure eliminated the
influence of leaking at the edges of the fabric., These specimens
were tested along with specimens of seam types LSg-2 and LSce2
in the following fabrics:

(1) 1l.l-ounce ripe-stop nylon coated on one side with
polyurethane, water-repellent finished, finished weight approx-
imately 2,5 to 3,25 cunces/square yard,

(2) 1.6-ounce nylon tirill coated on both sides (one
side comtaining a heavier coating) with polyvinyl chlaride,
having a finished weight of 6 %o 7 ounces/square yard.

The single coated fabric described above was sewn with
needles measuring 0,036 inch (across the blade) and the double=
coated fabric was sewn with a necdle measuring 0,040 inch because
of its greater bulk, The thread used in all specimens was Wature
repellent treated cottcn of ticket no. 50, three-ply for the top
(needle), and bottom (bobbin) thread of stitch type 301 and
ticket no, 50, three-ply as the top (necdle) thread with ticket
uo, 70, two=ply as the botton (looper) thread, Twelve stitches
per inch were used in all the specimen seams.

Hydvrostatic resistance tests were conducted on these
specimens and the results are shown in Table IV,
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TABIE TV

COMPARTSON OF THE RELATIVE HYDROSTATIC RESIS7ANCE

OF TWO STITCH AND SEAM TYPES IN TWO COATED FABRICS

Fabric Urethane Po 1 Chloride
{Coated One oide) !Goa&g !‘5'5 Sides)
(cm} {ci)
Unseamed Fabric No leakage at No leakage at 50cm
£0cm for 10 for 10 minates
minubes

Flat Fabric (3 Layers)

Stiteh type 301 30 17

Stiteh type LA 3k 20
Stitch and Seam Types

301=1Sq=2 9 1

L01-1Sq=2 10 13

301-ISc=2 12 13

}01-1Scw2 i 15

Note: A1l results are the averages of three tests.

The hydrostatic test method requires that the seam withstand
50 cm of water for 10 minutes, During that period, if 3 droplets of
water form in the seam area, the test specimen is considered to have
failed and the seam is rated unsatisfactory.

The pressure of the test causes radial tension on the surface
of the fabric and the seam exposed to the water. The tension,
depending upon the resistance of the fabric, will open the interstices
of the fabric and/or the needle perforations to allow water to flow
through.

No consideration is given to the amount of water which passes
through the seam. It could be a great amount through only c¢ne hcle
or a very small amount through several holes.

The above data show that there are small differences in the

hydrostatic resistance between the stitch types 301 and 4Ol in the
three-layer flat fabric specimens, and in the two seam types tested,
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These differences are not considered important because of the low
values obtained, but it is important to note the large differences
shown between the two fabrics, The heavier double-coated fabric in
the flat specinens show nearly 50 percent less hydrostatic resistance
than the lighter single«coated fabric, This is no doubt atiributable
to the greater damage inflicted on the double-coated fabxic in sewing.
A1l leakage, of course, occurred through the needle holcs.

In the case of the seams, there was no significant difference
in vhe resistance of the twc fabrics. The mechanics of leakage,
however, was different for the two seams., The leakage occurred
through the first stitching row of the LSq-2 seams, but the leakage
in the LSc-2 seams occurred first between the layers of fabric in
the seam and then, after a vexry short time, leakage took place
through the needle holes. The first stitching of the LSq-2 seam
(see arrow in the diagram of Figure 6d) was through only two layers
of the material, In making this seam, the top layer of the fabric
was turned over the stitching with some tenmsion holes exposing the
needle in only the one lgyer of fabric., Thus, the resistance to
penetration of such a seam was expected to be low. On the other
hand, three layers of fabric were in the seam type 1Sc-2, So, it
should take more pressure to fcrce the water through the needle
holes in this type of seam; the results of the three-layered flat
specimens confirm this, However, as was stated, the initial
leakage occurred between the layers of fabric, but with an addit-
ional load of only 8 to 10 ¢m, the needle holes began to leak., In
no case was the leakage through the needle holes confined to three
or less holes; once the water came through, every needle hole leaked,
The specimens of both fabrice behaved the same.

c, Test of Experimental Seams

From the foregoing discussion, it is obvious that two means
of leakage must be stopped: (1) through needle holes, and (2)
between layers of fabric in the seams. CSeveral types of seams were
made employing means to eliminate both sowrces of leakage.

Many variations of standard seams were made and tested in
the jug test to screen out those which appeared to have no merit in
the hydrostatic test. The LSq-type seams were abendoned because of
the exposed row of needle holes in the single layer of fabric,.

Only three constructions appeared to have merit. One merit vas to
sew strips of Quarpel-treated cotton poplin into a type SSw-2 seam
in an attempt to utilize the properties of that fabric to prevent
leakage both through needle holes and among layers of fabriec
(Figure 1k), A second gpproach was to sew a Quarpel=treated cord
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Figure 1, Sem?ypemmthmelhbﬂcm

Figure 15, Sean Type LSc-l With Quarpel Cord
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on the top of an ISc-1 seam under the needle to jam the cord into the
needle holes (Figure 15)., A third method was to sew the type ISc=2
seam on a machine with a heated roll attachment (Figure 16) to deter=-
mine if the vingl coating could be softensd enough to refill the needle
holess At the same time, 1% was considered possible that a slight
bond could be obtained among the layers of the fabric which would
prevent leakage occurring in this maner. The standard LSc-2 seam was
used as the control, These seams were tested for hydrostatic resis-
tance and the results are shown in Table V,

TABLE V

HYDROSTATIC RESISTANCE OF EXPERIMENTAL SEAMS

Seem Hydrostatic Resistance
Description in cm*
Control L0l-1Scw2 15
ISc-1 w/Quarpel Cord 13
SSw-2 w/Quarpe). Fabric 17
LSc-2 Heat Roll Treated 16

#Average of three specimens

In all the seams tested, the water first came between the
layers of materials in the seam and after very short periods through
the needle holes.

Despite the fact that gaskets of Quarpel fabric, and various
thin synthetic rubber strips, both cured and uncured, such as neoprene
and silicone rutber, were used, the pressures encountered in the
hydrostatic tests were enough to cause these layers to separate and
allow the water to go through. In some cases, it took longer for the
water to come through the needle holes, but even these differences
were not large enough to warrant further study.
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Seame were also made using strips of peolyvanyl aicohol films
of different solubilities., The approach here was to have the film
swell when it became wet to £ill up the needle holes and space
between the layers of febrics, These seams gppeared to show promise
in the jar test where leakage occurrcd fairly early but appeaved to
lessen as time went on, However, the lealage did not stop over a
period of six hours, In the hydrostatic test, the needle holes
leaked early in the test and showed no affect of the swelling of
the polyvinyl alcohol film in reducing the leakage over a 5-minute
reriod,

d. Wet Sand Test

The poncho has three principal uses: (1) as an overall body
cover; (2) for tents and lean-tos; and (3) as a ground sheet, In
uses 1 and 2, the poncho is subjected to various degrees of rainfall.
In the third use, the poncho is laid on damp or wet ground, If
pressure is placed upon the poncho seams, then water is pressed
through the seam, A laboratory test utilizing wet sand was devised
to test the resistance of various seam constructions to ground
roisture,

Sand was placed in a laboratory tray approximately 12 inches
x 9 inches x 4 inches deep and wet down until saturated, leaving a
£ilm of water of spproximately 1/16-inch on top of the sand, A
small amount of pure blue dye was placed in the water, The seam
specimens were placed with the outside of the fabric and seam toward
the sand, Three-inch squares of blotting paper were placed on the
seam and weights equivalent tc 0.7L psi were placed on the blotters,
The ISc~2 seams were tested in Quarpel-treated cotton poplin and in
the single and double coated fabrics. The weights and blotters
were removed after one minute and the blotters were inspected for
leakage, The leakage showed on the blotter in the form of blue do*s
which indicated water had been forced through the needle holes by
the pressure.

Very light staining was observed on the blotters placed on
the semms in the Quarpel fabric after the first minute; it progressed
rather slowly over & 10 minute span, On the other hand, the leakage
in the first minute on the seams of toth the coated fahrics was
substantially greater. The colored water farced through the seams
spread rapidly in the blotters and the area ¢f staining was compared
by measuring the diameter of the dots. The diameter of the stains
found with the Quarpel fabric measured less than 1 mm in diameter
after the first minute and approximately 1.5 mm after 10 minutes,
but the stains on both coated fabric seams measured approximately




1,5 after the first minute and progressed to nearly 3,0 mm after 10
minutes, After the five-minute period, the stains spread irregularly
through the blotter making an accurate measurement impractical,
Seepage through the folds of the seam was very slight and inconsequen-
tial in this test. The three-layered specimens of the coated fabrics
were algso tested iIn this msnner and the results showed no measurable
differences between fabrics nor between stitch types. The magnitude
of leakage through the needle holes was equivalent to that found with
the seams,

This method has no significant value other than to further
show that water can penetrate needie holes made in the coated fabrics
more easily than through a tightly woven, well-treated, water-repellent
cotton poplin fabric.

6, Conclusions

Data presented in this study show the greatest causes of leakage in
seams of coated fabric are the enlarged needle holes caused by sewing
damage to the fabric and coating and the seepage of water under pressure
through the folds of fabric in the seanms.

The extent of sewing damage is primarily related to the coated fubric
properties; needie size and other machine components, such as presser
feet, thmoat plate holes, and feeds (if properly selected and utilized),
contribute little to the leakage.

The stitch and seam types show only minor differences in seam leakage
under low hydrostatic pressure, but the 4Ol stitch and the LSe~-2 combina-
tion result in the best seam,

The seams in double coated fabiics fail at little more than half the
hydrostatic resistance of the same seams in the single coated fabric due
to the greater sewing damage in the double coated fabrics,

The standard stitch type LOl seam type LS#-2 seam leaks lese than
any other seam evaluated to date,

It does not appear possible to develop ~eams for coated fabrics

which would meet the present iequirement for low-pressure hydrostatic
resistance without sealing within the present state of the art.
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