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FOREWORD

This report was prepared by tne Lowell Technological Institute Research Foundation »
under USAF Contrect No, AF 18(600)-136, The contract was initiated under Project No.
7320, "Air Foroe Textile Materials®, Task No 73201, "Textiles Materials for Parechutes",
formerly RDO No. 612-12, *Textiles for High Speed Parachutes”, and was administered
under the direction of the Materials laboratory, Directorate of Research, Wright Air
Development Center, with Mr. Jack H, Ross acting as project engineer,

The autkor wishes to express his gratitude for the excellent coopeiration of all the
individuals and companies (See Appendix F) involved in our project. In particular, his
sincere thanks are extended to the Project Engineer, Mr. Jack H. Ross of the Textiles
Branch, Materials Laboratory, Directorate of Research, Wright-Patterson Air Force Base,
Ohio; Mr. Adolph Katz and Mr, Basil G, Skalkeas of the Lowell Technological Institute
Research Foundation staff; and Mr., Milton Boches and Mr, Harry Demas, graduate students
of the Lowall Technological Institute, for their wholehearted aid in all phases of this

progreau,

This report is the first of a series to be issued on a study of the effect of
lLubricoots and fabric structure on the frictional and fusional properties of parachute
cloth and line, The work performed in this report was divided into two phases, Phese I
concisted of the designing of emn apparatus and devising of a method for the rapid
identification of effective lubricants in the prevention of "line burns", TFhase II
dealt with an investigation of the effects of heat, cxyger, snd fungi on lubricated
parachute materials, Other reporte in this series will present basic work undertaken
on the relationsnip of speed and !“bric giructure toward fusion and friction,

This report covers work conducted from March 1952 to March 1355.
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ABSTRACT

An attempt to find lubricating agents which would minimize or prevent
the fusion of nylon parachute materials caused ty frictional heat was the main
objective of this program. A friction apparatus, based on the belt friction
principle, was developed to evaluate lubricating materials. Scoured parachute
materials possessed high frictional forces and fused at low speeds and loads,
while lubricated materials possessed lower frictional forces and fused at higher
speeds and loads,

Many lubricants were examined and ten were classed as highly sffective
in preventing fusion. In addition, nylon parachute line coated with these best
lubricants was further subjected to breaking strength, fungus resistance, and aging
tests, No one lubricant was determined to be superior in all respects. It is
recommended that a selection be made among several of those lubricants possessing
the most desirable attribute, resistance to fusion, and subjecting them to drop
tests at the indicated percentage pickup level,

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

M. R WHITMORE
Technical Director
Materials Laboratory
Directorate of Research
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PHASE I

AN EVALUATION OF THE FRICTION AND FUSION
OF SCOURED AND LUBRICATED PARACHUTE MATERIALS

INTRODUCTION

The present study of the friction and fusion of parachute materials
has been motivated by an interest on the part of the United States Air Force to
minimize or prevent the so—called "line burns" which appear upon the canopy cloth
of a parachute during a jump. Whenever line burns occur, a strong possibility
exists that the panels of the parachute may tear.

The United States Air Force believes that two major causes exist for the
appearance of line burns,

1, Friction of the nylon shroud line on the holding loop when the
shroud line is pulled from the deployment bag.

2 Inversion or partial inversion of the parachute,

The ejection of the shroud line from the deployment bag involves a rela-
tive speed between the twe nylon surfaces of approximately 60 ft/sec; while inver-
sion involves a relative speed of approximately 140 ft/sec. These figures are
merely estimates of the United States Air Force as no accurate data are known
at the present time,

Under these functional conditions of rubbing, the relatively low melting
point of nylon (482°F) may be reached as a result of frictional heat, leading
in many instances to tearing of the fabric. Figure 1 shows an example of a line
burn on a nylon parachute fabric.

Since frictional heat can be lowered by reducing the coefficient of slid-
ing friction, the use of lubricants as a possible remedial measure becomes apparent.
In addition, by interposing between the two rubbing surfaces a sufficiently thick
layer of a lubricating agent of low coefficient of thermal conductivity, as many
lubricants possess, the possibility of the melting point of nylon being reached
may be further reduced.

Other possible methods of reducing the damage to nylon have been con-
sidered:

1, The use of parachutes under less severe frictional conditions,

2, The use of fibers in parachute construction with higher melting
points than nylon,

3, Variation in fabric structure to reduce or minimize friction,
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It is obvious that the first method is not practicable, as the trend
in parachute operation has been in the opposite direction., The second and third
are both practical and promising. The use of fibers other than nylon will also
affect the dynamic operating characteristics of the parachute and, therefore,
will require a great amount of research. Insofar as fabric structure is concerned,
a definite effect upon the occurrence of line burns may result if such parameters
as cloth weight, thickness, and yarn twist are varied. A study of fatric structure*
is part of this program and a basic investigation has been undertaken to investi-
gate the effect of fabric structure upon frictional forces and the appearance of
fusion,

Previous attempts have been made to solve the problem of parachute line
burns.

In 1945 E. I. du Pont de Nemours Company investigated line burns using
lubrication of the parachute cord as their basic approach to the problem,

Of some 150 lubricants tested, Opal Wax was selected as the best (Appen—~
dix A), Opal Wax was then applied to parachute shroud lines and a field trial
performed at Fort Bragge*' Unlubricated lines were tested as controls,

The results indicated inconclusively that lubricated parachutes were
less likely to cause line burns than those which were unlubricated.

Other work on the elimination of line burns was done in 1950 at the
Naval Air Factory, Philadelphia, Pa. Both line and fabric of the parachutes were
treated with Opal Wax and then drop tested, Inconclusive data were obtained
which indicated a possible reducticn of line burns,

From a study of both theoretical and experimental work3&t which has been
reported in the literature, little information is available for use in a solution
of our unique problem. Such factors as high molecular weight and type of surface
active agent are of importance in lubrication; but to determine whether or not
these are the only factors entering into this phenomenon is difficult, Consequently,
it was necessary to investigate many types of lubricants. An instrumental approach
to the problem of measuring frictional forces was designed. This approach also
identified the point of fusion which served as arn adequate end—point of the effec—
tiveness of a lubricant,

*  WADC TK 54-570
** In Appendix B material from the Army report is presented in greater detail,
##%# See Appendix C for a detailed survey of this study.

WADC TR 54-323 Pt. 1 2



INSTRUMENTATION

Several theoretical and experimental methods exist for the determina-
tion of the effect of various parameters, such as surface condition, lubricants,
and temperature upon the friction between two sliding surfaces,

In certain specialized cases (mainly in metallic studies), reliable
theoretical formulations are available. These, however, are quite complex in
nature and require precise data concerning all the facturs affecting friction.

Friction may also be studied under actual operating conditions. This
would generally be considered the most reliable procedure, but in the particular
case of shroud line burns on a parachute canopy, this procedure is both costly
and hazardous,

However, the factors affecting friction can be readily controlled and
evaluated on a laboratory basis, Suitable apparatus may be devised for such a
study, and the results extrapolated to fit into the actual application. The true
value of the laboratory study is finally determined by applying the results ob-
tained to the actual end use conditions,

Two basic techniques are used in the study of friction: the first tech-
nique employs the motion between the sliding surfaces in a single plane as is the
case in an inclined plane apparatus. The second technique utilizes the slipping
of one material over a rotating cylinder having an appropriate covering on its
surface, This second technique, called the belt friction apparatus, has been
extensively used by many investigators in fiber research and is most applicable
to textiles,

At the beginning of our project an apparatus was designed to simulate
as closely as possible the conditions encountered in a parachute jump, which
produced the phenomenon of fusion and resultant tearing of the nylon canopy cloth,
This apparatus consisted of length of cord wrapped around a wheel, The wheel, at
high speed, was allowed to come into contact with a piece of parachute cloth,

The cloth was ballooned by means of air pressure. It was thought that as the
spinning wheel and ballooned cloth came into contact fusion should occur. Such
an apparatus, nevertheless, proved unsuccessful as the parachute cloth did not
fuse  for neither the speed nor the load obtainable was great enough to cause
fusion, The second drawback to this apparatus was the absence of a convenient
method of measuring the frictional forces involved,

Upon further consideration, it was felt that a duplication of the real
mechanical conditions producing line burns was not absolutely necessary, It is
true, in the case of the actual parachute, that the area of contact would depend
upon the depression made by the shroud line into the opened parachute, However,
the character of the frictional phenomena should remain constant as long as the
shroud line was sliding across the surface of the fabric. Hence, why would it net
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be practicable to simply bring the shroud line into a sliding contact with the
fabric, and have the fabric supported on a solid surface? Furthermore, would not
a lubricant which effectively reduced the friction between the shroud line and
parachute on such an apparatus have a positive effect in reducing the friction

in the operation of the actual parachute?

As a consequence of this reasoning, a machine utilizing the belt friction
principle was designed by Prof. Edward Sabbagh of the Lowell Technological In~-
stitute faculty., By means of this apparatus the fusion of sliding parachute
fabrics was easily produced. In addition, from a knowledge of tensions and angle
of wrap, experimental data on the frictional forces involved were also obtainable,

In Figure 2 the damage produced to nylon cloth bv the belt friction
apparatus can be scen; the melted nylon of the cloth, which appears along the
edges of the openings in the nylon, contrasts greatly with the appearance of the
normal state of the parachute fabric and approximates the appearance of the fused
sections of the damaged parachute samples presented in Figure 1,

The damage to the parachute line produced in the laboratory is shown
in Figure 3 and is typical of the damage (i.e., a thick piece of nylon has fused
to the test line) resulting whenever fusion occurs, In some respects it is simi~
lar to the damage caused to the actual line. However, other sections of the
actual damaged line appear to have only a thin surface layer of the nylon fused
to it, almost as if the nylon had vaporized and condensed on the line. This condi-
tion may be caused by the line running at extremely high speeds and low loads so
that in a short time interval of contact only the surface nylon is fused.

DESCRIFTION OF THE APPARATUS

The apparatus (Figures 4 and 5) consisted of a cast iron pully, A,
five inches in diameter and two and one~half inches in width, with a slit cut
across its width to accommodate the test fabric. A strip of parachute cloth is
wrapped tightly around the pulley, The ends of the fabric are fastened securely
to the underside of the pulley with masking tape. The shroud line, ¥, is attached
to the strain gauge, B, drawn around the pulley, C, and wrapped around the pulley,
A, to produce an angle of wrap of 360°, (The line may also be set up to produce
an angle of wrap of 90°, 180°, or 270°,) The shroud line then passes over the
pulley, D, and a weight, W, is suspended from the end of the line. The pulley,
A, can be driven at periﬁﬂéral linear speeds of 25, 36, 52, and 75 ft/sec (¥ 1
?%/sec) by means of a multiple pulley arrangement. The output of the strain
gauge, B, 1s fed through an amplifier, and recorded,on a Brown "Electronik"
potentiometer strip chart recorder. From this chart the sliding frictional force
at any given time may be found,

As the line has a tendency in some instances to flutter on top of the

pulley, a simple holding device was constructed to prevent this action. A saddle-
shaped piece of steel, E, was attached to the apparatus by means of a rod and
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frame, This holding piece just clears the shroud line and pulley, but is suffi-
ciently close tc the line to prevent excessive "fluttering."

METHOD OF TESTING

The sample of cloth is wrapped around the pulley. The parachute cord
is then wrapped over the cloth for the desired angle of contact. Slack tensions
on the same sample are progressively increased, after a running time of 1,5 minu-—
tes, until fusion finally occurs, The fusing of the parachute materials is
detected by an instantaneous increase in frictional force registered on the recorder,
as well as by the ripping of the cloth (see Figures 6 and 7), The slack tension
at time of fusion is used as an end-point for the attainment of fusion and is
referred to as the fusion load, FL, in grams., Once fusion has occurred, a new
sample of cord and cloth are used for further testing., Atmospheric conditions of
65% R. H. and 70° F were used for all tests,

In the testing of lubricants, lengths of cord are dipped simultaneously
into a solution of lubricant. The percentage pickup of lubricant on a length of
cord is calculated by a determination of the conditioned weight of the line before
and after dipping. Generally, unless otherwise indicated, the lubricated line is
tested against scoured cloth,

The experimental data obtained from the apparatus are utilized in the
belt friction formula,

T2 L emie*
o -

from which the ccefficient of kinetic frictiom,), can be calculated. The
tight tension, T, occurring at sliding, is found from the minimum force¥* on
the recorder, minus the weight of the line from the pulley, C, to the strain
gauge. The slack tension, T}, is found by adding to the attached weight, W

the weight of the line from the pulley, D, to the attached weight. The angle of
contact or wrap, €, was determined by a protractor, and e is the base of the
Naperian logarithm 2,718....

In the case of the unlubricated samples, to overcome the possible factor
of the creep properties of the materials, each set of samples was allowed to stand
mounted for twenty seconds before the test was run., The pulley was started and
allowed to run for two minutes, Later on, in the final testing of lubricants,

# See Appendix D for the complete derivation of the formula,
#* See Appendix E for a discussion of the types of curves obtained.
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a time interval of 1,5 minutes was used as it was felt that this period of time
allowed the system sufficient time to reach steady state conditions, Still later,
a further modification was also made in overcoming the creep properties of the
materials, Instead of allowing twenty seconds to pass, the shaft (G) was given

a slight twist which rotated the pulley (A) until the shroud line just started

to slip over the nylon canopy fabric wrapped around pulley (A). This was repeated
three or four times. The force registered just at the moment of slippage is the
force associated with static friction. Data on static frictional force were
obtained 4s a result of this procedure.

PARACHUTE MATERIALS AND LUBRICANTS tUSED ‘
The materials (unless otherwise noted) used on all tests were:

1, Nylon suspension line, Specification MIL-C 5040, Type III,
natural,

2, Nylon canopy cloth, Specificatior MIL-C-7020, Type I,
(1.1 ounces per square yard, ripstop, natural),

Statistical sampling of the nylon cloth and line, insofar as frictional
forces and fusion were concerned, showed that no significant difference existed
between the sections of the cloth as well as the line, Therefore, in all the .
followiney work the line and cloth were used as needed without employing special
precautions in selecting samples, It was also felt that because the parachute
cloth and line are held to very close tolerances in their manufacture and, to 5
avoid delay, it would not be necessary to sample continually all lots of line and
cloth that were used. Actualty, the cloth received when the main part of our
proegram began was used throughout,

At the beginning of our program no data were available on the dependence
of the fusion of a lubricated nylon surface upon the properties of a lubricant
(esc., coefficient of sliding friction or viscosity). Therefore, it was necessary
to test as many compounds as possible,

Chemical concerns (Appendix F) were contacted to obtain possible lubri-
cants., Specific compounds were requested as well as ones suggested by the manu-
facturer,

It should be strongly emphasized that no concern supplying compounds
for this project repressnted them as being effective agents for preventing the
friction~fusion ot nylon. Our test results therefore should not be misconstrued
in terms of the recommended uses of these products, but should only be considered
in relation to our unique problem,
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Specimen Preparation

Parachute cloth and line were scoured by the method usually employed
in such work. The parachute cloth was generally used in a scoured condition,
The parachute lines were simul taneously dipped for ten minutes® into a solution
of lubricant, hung to dry from a bar, and then transferred to a conditioning room,
Precautions were taken to avoid excessive handling and contact of the lines.

RESULT3 AND DISCUSSION

To commence our program of parachute lubrication, the following points
were investigated:

1, The effects of relative humidity on tight tension, frictional
force, and the sliding coefficient of friction,

2, A study of the frictional forces and fusion effects of scoured
and unscoured parachute materials,

As a consequence of the first investigation, basic information would
be made available for a better understanding of the conditions needed to study
parachute friction., A study of the second point would be of value in establish-
ing data in regard to friction and fusion of scoured and slightly finished para-
chute materials, These data would also serve as a control for futurc work with
higher amounts of lubricants present. Consequently, in the following sections
results are presented of the effects of relative humidity and the amount of
{inish upon fusion and friction,

Effect of Relative Humidity on Tight Tension
and the Coefficient of 5liding fFriction

One of our first studies was made on the relationship between relative
humidity and tight tension at 17 ft/sec. At initial time and at constant slack
tension, a maximum point was always observed for tight tension, which decrecased
toe a minimum after 2.0 minutes, The data for minimum and maximum tight tension
values are plotted in Figure 8,

In Figure 8 the plotted values of maximum tight tension are hicher by a
significant amount than those at minimum tight tension. As the relative humidity
increases, the values for maximum slack tension increase (e¢k increases from
0.17 to 0,20), while those for minimum slack tension stay essentially constant

S/.( k= 0.16),

#* See Appendix G for details in recard to the establishment of the time of immersion,
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These two curves and their differences may be explained by assuming
that frictional heat causes the fabric surface to dry, and that the frictional
forces of the drier surface are less than that of the surface with the greater
moisture content. Hence, after a time interval of two minutes, regardless of
ambient R. H., the fabric surfaces have become the same i~ moisture content and
therefore have the same frictional value.

Study of the Frictional Forces and Fusion Effects
of Scoured and Lubricated Parachute Material

To establish a basis for comparison with lubricated materials, as well
as to determine friction forces and fusion effects, one of the initial investiga-
tions was directed toward a study of scoured line and cloth.* The method employed
was to run the line always parallel to the warp yarns. This was a standard proce-
dure used throughout our program, unless otherwise noted.

The data obtained are plotted in Figure 9, It is observed that the
coefficient of kinetic friction rises to a relatively high value at speeds of
24 and 35 ft/sec and at an angle of wrap of 90° as the slack tension is increased.
At 24 ft/sec it is possible to obtain a maximum slack tension, Ty, i.e., fusion
load, FL, of 43 grams before fusion results, although some marks of abrasion
appear at lower slack tensions at the rip stop sections of the cloth. This
abrasion, without doubt, affects the forces of friction registered on the recorder,
It was also noted that an anegle of wrap of 360° could not be used as fusion and
tearing immediately resulted. However, an angle of wrap of 270° was tested
(Figure 10) and results showed that the fusion load was only 23 grams. Finally,
an angle of wrap of 90° was used as it would allow a sufficient number of measure-
ments to be made. At a speed of 35 ft/sec, the fusion load was 23 grams. At
this tension, some samples fused and abraded noticeably after only a few seconds
of running.

Scoured cloth, cut on a 45° bias, was tested against scoured line,
This was done to deteriine whether or not the angle of contact of rubbing of the
shroud line in relation to the cloth warp yarns is significant in the frictional
process. The results of the determinations are given in Figure 11,

At 24 ft/sec the cloth cut parallel to the warp yarns appears to have
higher value for tight tension. However, at 35 ft/sec a reversal of this occurs;
i.e., cloth cut on a 45° bias has higher values. The difference in value of tight
tension is probably not significant, as experimental error may be sufficiently
great to produce these differences, as well as the anomalous shift in tight ten-
sion in the change from 24 to 35 ft/sec.

#* The percentage of material extractable in ethcr from the canopy cloth was 0,009
and from the line was 0.0l. The average breaking strength of the unscoured
fabric was 45.4 1lbs, of the scoured fabric 45,9 lbs,.
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Unscoured cloth*® and line as received from the manufacturer were tested
against unscoured line (Figure 12). Since a slight amount of surface finish*
was present, it was possible to use an angle of wrap of 360° rather than the 90°
angle of wrap which was used with the scoured material, The slack tension reached
was also higher (approximately 2.4 times that of the scoured cloth and line),

The speed was 24 ft/sec; unfortunately, it was not possible to run at higher speeds
since the available supply of material was inadequate. The coefficient of sliding
friction, it was found, stays essentially constant. However, the results again
indicate the general trend; lubrication of the parachute materials allows more
severe conditions to be withstood by the materials even though a small quantity

of lubricant is present on the sliding surfaces,

The data on cloth and line¥®** as received from the manufacturer are given
in Figure 13 of this report, The results indicate that with the anti-tear agent¥t
present on the cloth, in addition to the spinning oils on cloth and line, a still
higher range of slack tension and speed can be reached before the onset of fusion.
For example, at 24 ft/sec, the fusion load, FL, is 153 grams (in contrast to the
cloth without the anti-tear agent, where FL reaches only 102 grams); at 35 ft/sec,
the fusion load is 103 grams and at 52 ft/sec it attains a value of 33 grams,

There is a marked trend toward reaching higher speeds and slack tensions if an
appreciable amount of lubricant is on the cloth and line.

Figure 14 indicates that at lower slack tensions the kinetic frictional
force does not vary appreciably with the speeds Only at the higher loads does
there seem to be a slight difference between frictional forces.

From results obtained in this program, and summarized broadly in
Figure 15, the effect of increasing surface finish is to increase the ability of
the nylon materials to resist fusion at low speeds and slack tensions and, there-
fore, to permit a higher speed and load to be withstood by the nylon. In addi-
tion, data obtained indicated that for scoured materials the angle of wrap which
could be used was 90° at a speed of 35 ft/sec with a fusion load of 23 grams. Any
attempt to increase the angle of wrap to higher values resulted in immediate
fusion. However, if the material was not scoured but used as it was received from
the manufacturer, the angle of wrap before fusion was increased to higher values.
Thus, the application of a lubricant prevents fusion of the nylon within certain
limits of speed and load, and fusion occurs only when the speed and load or both
become excessivee

* No Coronyl present.

##*  Percentage of material extractable in ether from the canopy cloth was 0,70
and from the line was 0.44,

##% Per cent extractables in chloroform of line was 0,60, and of cloth was 0,62,

e Coronyl,
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A Study of Parachute Lubricants

As preliminary results indicated, fusion was prevented by the presence
of a surface finish; an investigation was begun to evaluate lubricants which,
when applied to parachute materials, would prevent or minimize the fusion of nylon
at high loads and speeds.

The method of lubrication employed in this investigation has been of
necessity based on the concept that in order to quickly screen a large number of
lubricants, a procedure as simple and effective as possible would have to be
followed. It was soon determined that rapid and trustworthy results would be
obtained by lubricating two samples of scoured shroud line and running the line
agzainst scoured cloth. This method would be most likely followed in practice as
the effect of an excess of lubricant upon the canopy cloth might be to decrease
its permeability to dangerously low levels,

The Separation of Lubricants into Classes

Effcctive and ineffective lubricants in our investigation can be separated
by assum ng that the ability of a lubricant in preventing fusion is measured
through the use of slack tensions at the highest speecd (75 ft/sec) attainable on
our friction tester and at an anvlc of w wrap (3600), Those that are classed as
ineffective generally fail to prevent fusion at a slack tension of 52 grams or
less; while those that are classed as effective lubricants support higher slack
tensions, Four main classes have been established using as a foundation for these
classes the following arbitrary criteria:

Class I

Lubricants which do not prevent the fusion of nylon at a slack
tension of 52 grams, a vcloc1ty of 75 ft/sec, and an angle of
wrap of 360° within a time interval of 1,5 minutes,

Class 1I

The experimental conditions of velocity and angle of wrap are
the same as in Class I; the slack tension is increased to

102 grams.

Class III

The experimental conditions of velocity and angle of wrap are
the same as in Class I; the slack tension is increcased to

152 grams.

Class 1V

The experimental conditions of velocity and angle of wrap

are the same as in Class I; the slack tension is greater than
152 grams (generally at 202 grams).

Table 1 contains all the lubricants investigated and the classes into
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which they fall, This table also shows the effect of increasing percentage
pickup on the classification of the finish or lubricant.

A total of 229 lubricants were tested and evaluated for their effective-
ness in preventing fusion by the following procedure.

Class I lubricants are considered to be valueless in the prevention of
fusion at high speeds. Class II, III, and IV are progressively better lubricants
and are of value; however, Class IV lubricants, as they bear higher slack (ca.
202 gm) and tight tensions (ca. 420 gm), obviously offer the best protection
against the fusion of nylon. These Class IV lubricants therefore have been
studied further in preference to the other two classes.

At the 10 percentage pickup level, the maximum allowed by the United
States Air Force, only 27 lubricants are in Class IV. Table 2 contains the names,
percentage pickup, and chemical nature, if known, of these lubricants.

Before any Class IV finishes can be used in practice, data must be accu-
mulated on heat and oxidative stability in the presence of atmospheric oxygen at
225° and 350° F. Results on heat and oxidative stability are presented in another
section of this report. These temperatures may be encountered by the lubricant
when placed on nylon and Dacron parachutes, respectively,

Table 1 also contains data indicating the effect of increasing percentage
pickup upon the fusion-preventing qualities of the lubricant. Increasing percen-
tacge pickup often causes a material to increase its effectiveness in preventing
fusion and thus the material advances to a better class., This is not always true
as illustrated by such compounds as Monopol 0il 48 and Prestabit 0il V; although
their percentage pickups are increased greatly, these materials remain in the same
class (Class I).

In several cases the maximum percentage pickup was not obtainable,
though high solution concentrations (80-100% by weight) were used. Because of
the lack of time, further attempts to increase the percentage pickup to higher
values were not performed. Other lubricants, which imparted to the line poor
characteristics of adhesion or flexibility, also were not examined further,

Adhesion and flexibility were determined only qualitatively (Table 3),
If the lubricant was a solid and flaked off as the line was flexed then it would
be classed as poor, If the lubricant was a liquid, then it was categorically
classed as satisfactory. The flexibility of the line was also determined qualita-
tively by flexing; if the line was limp and flexed easily, then the lubricant was
classed as satisfactory; if, on the other hand, the line was stiff and flexed with
difficulty, the lubricant was classed as poor,

Lastly, as many as possible of the lubricants were tested in pairs,
However, toward the close of this phase of the program, because of limited time,
only one sample was tested and is indicated in Table 1 by means of the parentheti-
cal superscript above the percentage pickup,
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An Air Force program to evaluate formulations of silicone 0il (Dow Corning
Silicone Emulsion XE-112A) as a finishing material for parachute cloth which was
performed by Cheney Bros., Connecticut, under Air Force Contract No. AF 33(038)
21866 had been completed (20). It was thought worthwhile to investigate the fu-
sional characteristics of these materials to obtain some prior knowledge of the
resistance to fusion of silicone treated cloth bcfore field tests were run,
Qur testing procedure and results may eventually be further validated by compari-
son to the actual results in the field.

Samples of the materials were sent by the Wright Air Development Center
to be tested for their resistance to fusion upon our friction and fusion tester,
Those samples consisted of the following materials:

1, Untreated twill cloth, 1.6 oz.
2. Silicone treated twill cloth, 1.6 oz,
3. Silicone treated twill cloth, 0.9 oz.

Five samplzs were cut, equally spaced, from selvage to selvage over the
entire length of cloth in such a way as to obtain a random sampling of the cloth.
fach sample was identified to indicate the location from which it had been obtained,

The samples were conditioned at 65% RH and 70° F for approximately
twenty-four hours. Preliminary tests, run at a linear speed of 75 ft/sec and an
angle of wrap of 360° indicated that, at a slack tension, T, of 22 grams, the
samples of silicone treated cloth did not fuse during the running time of approxi-
mately two minutes, while the untreated 1.6 oz cloth fused immediately. Therefore,
a more careful determination of the slack tensions withstood by the fabric for
1.5 minutes was carried out upon each group of five samples. The experimental
results are reported in Table, 4,

The results of these tests indicate that the silicone o0il finish improves
the fusion resistance of each fabric. The two trcated samples appear to be
slightly different in their ability to withstand fusion. The 0,9 oz twill cloth
has an average fusion load of 38 gm, while the 1.5 oz cloth has a fusion load of
22 gm. This difference in fusion load probably results from the fact that the
thicker (1.6 o%/sq yd) material retains the heat of friction to a greater extent
than the lighter (0.9 oz/sq yd) twill. Hcwever, it should be realized that the
difference is of a low order of magnitude, and that other considerations, such as
resistance to tearing, may make the heavier material preferable in parachute con-
struction, In addition, if higher speeds of rubbing are encountered, as may be
the case in the actual operation of the chute, neither of the two materials would
prove effective. The observation was made, for all cases studied, that frictional
force tended to increase during each test. This may be caused by the possibility

that insufficient silicone o0il was present permitting a more intimate contact
of line and cloth.
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The effects of G. E. silicone oils, such as Fluids C, D, E, F and H
(applied at the Lowell Technological Institute Research Foundation) have been
reported in another section. The per cent pickup of silicone oils by scoured
line was 15-20%, and the lubricated line was run against scoured ripstep material.
A'most all of these agents were able to support a slack tension of 102 grams with-
out fusion taking place, The treated twill cloth submitted for testing by Wright
Air Development Center, however, contained approximately 0.5% extractables (20),
It would, therefore, appear that the oil present upon the cloth was insufficient
to achieve the maximum benefit from this oil as a parachute lubricating agent.

Consequently, in order to observe the effects of adding a higher per-
centage pickup of lubricant to the cloth, G. E. Silicone 0il¥luid Ewas added to
two samples of each twill cloth at approximately the same percentage pickup for
all samples. The results indicated a definite improvement occurred to an approxi-
mate maximum slack tension of 100 grams. As time was not available, it was not
possible to lubricate both line and twill cloth. On the basis of other results,
an improvement towards resistance to fusion should appear if this were done.

Some Results Concerning the Effect of Lubricating
Both Line and Cloth, and Cloth Only

——— ——— —— ———— ) ——

Both line and cloth were lubricated in order to compare the results of
what is effectively the interposition of a greater thickness of lubricant between
the two sliding fabric surfaces. Cosmol 1000, one of the better lubricants, and
Fluorolube HO, a poor lubricant, were applied to the line and cloth. The results
are averages of two tests on each lubricant and are shown in Table 5., For compari-
son, the results of tests on lubricated line and scoured cloth are also included,

These results appear tc indicate that a slight increase in the case of
both poor and good lubricants is effected if both rubbing surfaces are lubricated,
The increase, it is believed, is not of a significant nature from the standpoint
of an increase in slack tension, but in actual usage may be sufficiently signifi-
cant to indicate that all potential rubbing surfaces should be adequately lubricated,

Several Class IV lubricants were tested to observe the effect of lubrica-
ting cloth only. The results are presented in Table 6; for comparison, the re-
sults obtained for lubricated line - scoured cloth are also presented,

The general trend observed is that somewhat of a lowering, although not
a highly significant one, has occurred. Consequently, to achieve the maximum
benefit from a lubricant both line and cloth ought to be lubricated, with a rela-~
tively high amount being placed on the line,
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PHASE II

AN INVESTIGATION OF THE EFFECTS OF HEAT, OXYGEN,
AND FUNGI ON PARACHUTE MATERIALS LUBRICATED WITH CLASS IV AGENTS

INTRODUCTION

Class IV lubricants may be expected to encounter occasionally while in
storaze temperatures from 225° F to 350° F, Tests, therefore, were performed to
determine the heat and oxidative stability of these lubricants, as well as their
effect upon the strength of the nylon,

In addition, although nylon itself is resistant to mildew damage, the
action of fungi and bacteria on lubricated parachute materials must also be in-
vestigated,

Class IV lubricants were therefore subjected as a final part of our
testing program to fungus resistance tests by the Biochemical Section, Protective
Processes Branch, Materials Laboratory, Wright Air Development Center, On the
basis of these and other tests lubricants may be selected with a good degree of
certainty which will operate most efficiently in their end use.

A HIAT AND OXIDATIVE STUDY OF
CLASS IV LUBRICANTS ON NYLON PARACHUTE MATEKIALS

Experimental and Sample Preparation Procedure

A procedure was devised by which a separation of lubricants was possi-
ble in a twenty-four-hour interval at 225° F and a one-=hour interval at 350° F
using an air circulating oven with an air flow over the sample of 250 ft/min.
Four one-yard samples were used to determine percentage pickup by being placed
uniformly throughout the bath when the main length of fourteen yards was dipped,
Two of these four one-yard samples were used to determine percentage pickup before,
and two after heat treatment. These values were then taken as representative of
the values of the fourteen-vard length of line. In this manner, the time-consuming
problem of determining the percentage pickup of a long length of cord and pieces
cut from it was avoided,

’

The procedure used is contained in the following table:

Number Length of Each
of Samples Sample (vd.) Treatment of Lub. Sample Test
2 2 Not Exposed to 225° F (Control) Fusion
3 1 W \d S W w Breaking Strength
2 2 Exposed to 225° F for 1 Hour Fusion
3 1 " " " " ”n " [}

Breaking Strength
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From this procedure resistance to fusion after heat treatment was de-
termined. Any deleteriocus effect of the lubricant before and after the heat treat-
ment was found by breaking strength tests,

RESULTS AND DISCUSSION

The data presented in Table 8 show that only ten lubricants (taken
from Table 7) out of twenty-—six are resistant to the effects of heat and oxygen.
The criterion used for selecting these ten lubricants is the following: if the
lubricant fell to Class I after heat treatment, then regardless of percentage
prickup present, the lubricant was considered of little value in the preven:ion of
fusion and was not studied further.

It will be noted in Table 7 that many samples prior to heat trecatment
are not in Class IV even though previous tests had indicated they were., The cause
or causes of this anamalous behavior probably are:

1, Percentare pickup used was lower than previously used. (e.g.
Spermafol 45, Table 5, 11,1%, Class IV; and in Table 6, 10.0%,
Class III-IV)

2, This work was done by several persons. It may reflect then a
difference in technique of each person,

3. A lack of exactness in our testing procedure and instrument.

4, Finally, these results may be caused by the so—called inherent
variability of textile materials and of commercial compounds,

In addition, the characteristics of flexibility and adhesion after ex~
posure to 225° F for twenty—four hours, percentage pickup, and class, both before
and after heat treatment, of these best ten fusion-preventing agents are included
in Table 8, The only lubricant which appears to be somewhat poor from the stand-
point of flexibility is Methacrol Lub K, However, as the test used to determine
flexibility is highly subjective, this lubricant, being satisfactory in all other
respects, was tested further with the others., A list of these compounds follows:

Alkaterge C
Ceresine~White=Ozokerite
Glaurin

Liquid Cosmol

Methacrol Lub K

Myvacet 5-00

Myvacet 9-4C

Spermafol 45

Sperm 0il (NW) 45
Spermaceti
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In addition te 2xposure to 225° F, all lubricants from Table 8 have
been exposed to 350° F for one hour and tested for loss in class anl percentage
pickup. The results are prescented in Table 9, On the basis of the results of
treatment at 3350° F, the following lubricants are censidercd to be satisfactory
in resistance to heat and oxygen:

Alkaterge C
Ceresine-whitce-0zokerite
Glaurin

Liquid Cosmol
Spermaceti

Spermafol 45

Sperm 0il (Nw) 45

Of these lubricants the most effective in preventing fusion of nylon is
Spermafol 45, as it is in Class IV and only falls to Class IIT after exposure for
one hour to 350° F,

The Effect of Lubricants on Heat-Treated Nylon
as Mcasured by Breaking Strength and Elongation Tests

To find the effect of applied lubricant on nylon cord, lubricated
line both before and after exposura to 225° F for 24 hours was subjected to breake—
ine strength—eclongation tests, Using this test the effect of the lubricant upon
nylon was found.

The breaking strength-elonzation data based on the average of three
tests per sample of lubricant, are tabulated in Table 10 No lubricants, before
anl after heat trecatment, improved the breaking strength-elongation properties of
nylon cord. On the contrary, most li'ricants decreased this property signifi-
cantly before the heat trcatment. None, howaver, decrecascd the breaking gtrength
below the limit (550 1bs) specified in MIL-C-5040. After exposure to 225 F for
24 hours all lubricated lines, except Myvacet 5-00 and Alkaterge C, had values
below the required breaking strength., It is also observed that scoured nylon line
after heat treatment maintains a value (573 1lbs) above that required in MIL-C-5040,

These lubricants were further subjected to a temperature of 350° F
for one hour (Table 11), If the breaking strength of scoured nylon at 350° F is
used as a basis for separating lubricants, some lubricants which were unsatis-—
factory at the lower temperature have become satisfactory, and in fact improved
the resistance of nylon to degradation. At 225° F Alkaterge C was a satisfactory
lubricant and at 350° F is well above scoured nylon, while Myvacet 5-00 is no longer
effective. Other satisfactory lubricants are: Glaurin, Liquid Cosmol, Methacrol
Lub K, and Sperm 0il (Nw) 45,
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The Resistance of the Best Class IV Lubricants to Fungi

Nylon is relatively unique among the more common textile materials in
its high resistance to destruction by bacteria and fungis Molds can be induced
to erow upon nylon if an applied finish is suitable as a food. Therefore, each
application of a lubricant was tested in order to establish whether or not it is
resistant to mildewing.

Samples of lubricated nylon line and scoured line, both before and after
exposure for 24 hours at 225° F, were sent to the Biochemical Section, Protective
Processes Branch, Materials Laboratory, Wright Air Development Center. The fungus
susceptibility of the various lubricants applied to the suspension lines was tested
by this unit using the method described in Specification MIL-E~5272, Fungus Re-
sistance Test, Procedure I, Paragraph 4.8.1, The Biochemical Unit concluded that
all of the lubricants were susceptible to fungus growth, and that the aged and
unaged scoured nylon line was not. In most instances the fungus growth was moderate
and indicated the possible presence of mildew inhibitors, The manufacturers of the
lubricants were contacted to ascertain the exact compositions of their products,
All manufacturers stated that no mildew inhibitors were present in their compounds,

Not only was it necessary to determine the resistance of these lubricants
to fungi but also the effect of fungus growth on fusion and breaking strength was
found, Tests were performed on the aged and unaged samples and the results are
presented in Table 12, Of the ten unaged samples exposed to fungi attack, only
the following retained a high resistance to fusion as indicated by its class,

Class Breaking Strength (1lbs)
Ceresine-White-Ozokerite IV 523
Liquid Cosmol ITII-IV* 555
Methacrol Lub K III 570
Spermaceti IIXI=IV 547
Spermafol 45 III-1IV 548

Of the aged samples exposed to fungi attack only Spermaceti retained the
same value of ITI-IV for its resistance to fusion and a breaking strength of 435
1bs, The others were as follows:

Class Breaking Strength (1bs)
Ceresine~White~Ozokerite II 449
Methacrol Lub K II 493
Spermafol 45 II 453

# This notation indicates one sample is Class III, the other Class IV,
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Liquid Cosmol declined in its ability to prevent fusion to Class I, and
hence is considered to be of relatively little value in the prevention of fusion,

It is seen, however, that ncne of these compounds are useful if a
breaking strength of 550 lbs is taken as a minimum value,

SUMMARY OF RESULTS

An instrument based on the belt-—friction principle was constructed to
study the frictional and fusional effects of scoured and lubricated parachute
materials. The experiments were generally conducted ov:r a range of velocities
of 25 ft/sec to 75 ft/sec. The following results were obtained:

l, An increase in relative humidity results in an increase in the
initial coefficient of sliding friction; however, at the end
of a test run, the coefficients of sliding friction decrease
and reach the same value regardless of ambient relative humidity.

2, Scoured parachute materials have high frictional forces and

3. In the presence of an adequate amount of lubricant, frictional
forces are lower, and higher loads and speeds are used before
the onset of fu51on.

4, Parachute lubricants have been separated into four classes
based upon their comparative ability to prevent fusion at speci-
fied loads., Twenty-six lubricants were found to be most ef-
fective (Class IV),

5« In order to observe the effect of lubricant on both rubbing
surfaces, line and cloth were lubricated. A slight increase
in resistance to fusion was observed. In addition, cloth was
lubricated and run against scoured line. The results appeared
to show that a decrease in resistance to fusion occurred,

6. Experimental silicone treated twill cloth was tested, and it
was found that the tendency to fuse was diminished,

7. Class IV lubricants were subjected to aging tests for 24 hours
at 225° F, Only ten remained as effective lubricants., These
ten were also exposed for one hour at 350° F, and the majority
still retained some effectiveness, Ir addition, breaking
strength and fungus resistance tests on aged and unaged samples
were performed. The results are arranged in decreasing order
of effectiveness for each test in Tables 13, 14, 15, and 16,
It is not possible to select a single lubricant as possessing
the best overall characteristics, as no lubricant retains a
high measure of resistance to breaking, fungi, and aging
throughout all tests.
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EXPLANATION OF SYMBOLS USED IN THE TABLES AND FIGURES

Symbols Used

Fk or FS

%P

FL

WADC TR 54-323 Pt.

1

Relative humidity (%)

Slack tension (gm)

Tight or taut tension (zm)

Coefficient of friction

Coefficient of kinetic or sliding friction
Angle or wrap (°)

Degrees Fahrenheit

Velocity (ft/sec)

Kinetic or static frictional force, i. e.,
slack tension

Temperature
Per cent pickup

Fusion load (gm), (slack tension at which
fusion occurs)
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Figure 1

Line Burn on a Parachute Fabric
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Figure 2

Line Burn on a Parachute Fabric

Produced by the LTIRF Friction Apparatus
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Figure 3

Fusion Damage to Parachute Shroud Line

Produced by LTIRF Friction Apparatus
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FIGURE 4. DIAGRAM OF HIGH SPEED FRICTION APPARATUS.
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Figure 5

LTIRF High Speed Friction Apparatus
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FIGURé 6 IDEALIZED SAMPLE CURVE FROM RECORDER
WITHOUT FUSION OCCURRING
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FIGURE 7. IDEALIZED SAMPLE CURVE FROM RECORDER
WITH FUSION OCCURRING
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FIGURE 9. THE EFFECT OF SLACK TENSION UPON TIGHT
TENSION AND THE COEFFICIENT OF KINETIC FRICTION
USING SCOURED CLOTH AND LINE.
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FIGURE 1. THE EFFECT OF SLACK TENSION ON THE TIGHT TENSION
WITH VARYING ANGLE OF WRAP USING SCOURED CLOTH AND LINE.
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FIGURE 1. A COMPARISON OF THE EFFECT OF NORMAL
AND BIASED CUTTING OF CLOTH ON TIGHT TENSION,
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