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FOREWORD

This report is part of a series being prepared for the

Materials Research Project of the NCAR Scientific Balloon

Facility. The Materials Research Project is one of several

technological development projects whose objectives are to extend

the reliability and capabilities of scientific ballooning.

The National Center for Atmospheric Research (NCAR) is

operated by the University Corporation for Atmospheric Research

(UCAR) and sponsored by the National Science Foundation. NCAR

was founded in 1960 to conduct and foster basic research in the

atmospheric sciences in universities and research groups in the

U. S. and abroad.

The investigations covered in this report were performed by

Hauser Research and Engineering Company under subcontract with

UCAR.

Other reports being published in this balloon materials

research series are:

FRB-1-64 Tests of Balloon

Materials.

FRB-3-64 Non-Standard Tests

for Balloon Materials.

i
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STANDARD TEST METHODS FOR BALLOON MATERIALS

1. INTRODUCTION

There are a large number of standard tests for mechanical and

physical properties of materials which may be used in high altitude

balloons. This report attempts to outline the standard tests and to

make comparisons where there are similarities or differences between

test methods for the variety of materials that are of concern.

Standard test methods have usually been developed within industries

with common product interests; as a result, there are seemingly

unnecessary differences between some test methods and conditions.

On the other hand, each of the test methods is usually based upon

the most appropriate methods for testing materials of different

types--synthetic rubber, plastic films and fabrics. Because high

altitude balloons can be built with films of plastics with rigid or

highly flexible (rubbery) characteristics, with or without fabric or

scrim reinforcement, the comparison of balloon materials encompasses

a variety of basic test methods.

Because of very real differences in test methods, it is

frequently improper to compare the results obtained with one test

method with those obtained by another; for example, the tensile

strength results on a plastic film-scrim combination may be very

different if it is tested either as a plastic film by method D882

or as a fabric by method D1682 or as a rubber by method D412 of ASTM

specifications. Thus, where one is concerned with comparing the

wide variety of current and potential balloon materials, one must

either choose different specifications, such as the above, and hope
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to obtain a correlation from one specification to another, or he

must choose one test method and test all materials to this test

method even though it was not designed as a universal testing pro-

cedureo The latter method of correlation is probably the more

appropriate for evaluation of different types of balloon materials.

1.1 Material Specifications

The purpose of a materials specification is to define chemical

composition and performance characteristics of materials for either

general or specific applications, There are a. large number of

material specifications relating to plastics, rubbers, and textiles,

most of which are not appropriate for balloon fabrications, The

most significant specification which was prepared specifically for

balloon use is MIL-P-4640A, entitled, "Plastic Film, Polyethylene, for

Balloon Use." There are two other military and federal specifications

on polyethylene for more general applications and there are military

specifications on polystyrene, polyamide (nylon) and other plastics

in film, sheet or molding resin form°

Materials specifications published by the ASTM, Commercial

Standards and military and federal specifications are appropriate

procurement documents for specific materialso The military specifi-

cations usually state a cognizant government agency and a list of

qualified producers, as prepared by this agency Receiving inspec-

tion, however, is the responsibility of the buying agency, and the

cognizant government agency merely maintains the specification in an

appropriate form for the industry. The ASTM specifications and

Commercial Standards do not have qualified producers lists, and the
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buyer is responsible for selection and qualification of the prospec-

tive sources of supply.

1.1,1 Polyethylene

The military specification MIL-P-4640A was developed by

the Air Force Cambridge Research Laboratories describing polyethy-

lene balloon film and was largely based upon material evaluations

done at General Mills, Inc. This specification included the best

thinking of the balloon industry at the time that the specification

was prepared (1956). Revisions made in 1957 have restated some of

the quantitative requirements but have not made much change in test

methods.

Principal features of the military specification for poly-

ethylene balloon film relate to tensile strength and elongation at

room temperature, cold brittleness temperature, diaphragm impact

toughness and melt index. Although a gas barrier is the basic

requirement of a balloon film, there is no requirement in MIL-P-

4640A to learn helium permeability.

Most balloon manufacturers are not equipped to perform all of

the MIL-P-4640A tests in strict conformance with this specifica-

tion.

ASTM specification D2103-62T describes "Polyethylene Film and

Sheeting" with identified density, impact strength, friction

coefficient and haze. Additional requirements include measurement

of flatness and blocking. Optional tests are provided for require-

ments of tensile and tear strength, water vapor transmission, gas

transmission, gloss, transparency and see-through clarity.
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Because this specification does not make provision for-measure-

ment of flexibility at low temperatures, it is probably not

appropriate for balloon films. However, this does present four

properties which are of interest for balloon. films which were

neglected in the military specification. These are the kinetic

friction coefficient, permeability, flatness and blocking. These.

characteristics will be, discussed below among the detailed test

methods.

Commercial Standard CS227-59 describes polyethylene film with

the following property classifications:

Type I Normal impact strength
II High impact strength

Grade 1 Low slip (kinetic friction less than 0°8)
2 Medium slip (kinetic friction less than 0.5)
3 High slip (kinetic friction less than 0.2)

Class 1 Normal clarity
2 High clarity

Finish 1 Untreated
2 Treated for ink adhesion

The tensile strength requirements of this specification are less

stringent than for the MIL-Spec balloon film:

CS227-59 MIL-P-4640A
Tensile strength, machine direction 1,700 psi 2,000 psi

transverse direction 1,200 1,600
Elongation, machine direction 225 250

transverse direction 350 400

Impact strength may be measured by one of three test methods

mentioned below in Par. 2.3.3, and the heat-seal characteristics

are evaluated by a method detailed in Par. 21oo5o
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1.2 Test Methods

1.2.1 American Society for Testing and Materials

The ASTM has long been recognized and respected as the

commercial source for standardized testing procedures for materials.

The ASTM test methods are maintained by standing committees of

technical personnel who are actively concerned with industrial

manufacture and testing of these materials. As there is need, the

ASTM specifications can be revised at yearly intervals. They are

revised only at committee direction when there is sufficient need

as indicated by improvement of test methods, improvement in the

precision of equipment or by changes in commercial materials. The

ASTM test methods are intentionally general in that they are used

for a wide variety of applications.

1.2.2 Military Specifications

Military specifications relate to specific materials often

for specific applications. The test methods referenced with any

military specification may be an ASTM or federal test method or it

may be a special test spelled out in specific detail within the

military specification. Many of the tests for polyethylene balloon

films are so specified in MIL-P-4640A referred to above,

1.2.3 Federal Test Methods

Federal test methods are published by the General Services

Administration and relate to testing of metals, textiles, rubber,

and plastics. Federal specification L-P-406b refers to organic

plastics but particularly emphasizes molding materials rather than
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films and thus is not particularly appropriate to the present dis-

cussion, The methods for testing adhesives in Federal Test Method

Standard No. 175 are of interest and some of the test methods are

discussed below,, Many of the textile and rubber test methods are

comparable to those listed in the ASTM standards but attention is

given to some special tests from Federal Specification CCC-T-1916,

"Textile Test Methods," and to FTMS No, 601, "Rubber: Sampling and

Testingo"

2, MECHANICAL PROPERTIES

Mechanical properties of materials relate to their response to,

uniform or concentrated forces, These are principally the stress-

strain-rupture characteristics of materials or of composite material

fabrications. The forces may be of short term or long term duration

and they may be applied rapidly or slowly, depending upon the environ-

ment for which simulation is intended,

2,1 Uniaxial Static Tests

Where forces are applied in one direction only, across a uniform

area of material, the stresses are said to be uniaxial. If the

forces are applied gradually for a short time, they are referred to

as static tests,

2o1.1 Ultimate Tensile Strength

The ultimate tensile strength of a material is the force

required to break the material divided by its initial uniform cross-

section areao The area of concern is at right angles to the

direction of the forceo Some materials may peak at a high force
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and then drop off to a lower strength upon rupture. This lower

strength is usually termed breaking strength and is not of concern

in the balloon applications. The ultimate tensile strength is the

maximum force which the material will withstand prior to rupture.

Where the material may be of a composite nature, such as a film-

scrim combination, with an ill-defined cross sectional area, it is

appropriate to use the term "breaking factor" in place of ultimate

tensile strength. Breaking factor is the maximum force for unit of

width of the material where the thickness of the material may be

defined in terms of weight per unit area.

The test methods for measuring ultimate tensile strength are

different for films, rubber and fabrics. The differences and

similarities are outlined below.

2,1.1.1 Films

Two test methods are specified by ASTM for measuring

the tensile strength of plastic films. Method D882-61T, "Tensile

Properties of Thin Plastic Sheeting," is the more general and more

common of these two test methods. Method D1923-61T, "Tensile

Properties of Thin Plastic Sheeting Using the Inclined Plane

Testing Machine," is less common. The polyethylene balloon film

specification, MIL-P-4640A, requires tensile testing by ASTM

D882-54T, method C, which is now D1923-61T.

The current addition of D882-61T refers to tensile character-

istics of plastic films of thickness less than .040 inches. Two

methods and six different test conditions are specified in this

specification. Methods A and B relate to the type of equipment

that is used. Method A is a constant rate of extension test and
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the weighing system must move less than 2% of the extension being

measured. Extension rates may be varied from .05 to 20 inches per

minute. Method B requires a constant rate of traverse of the cross-

head that uses a pendulum for force measurement., Deflection of the

pendulum head may be of an order of magnitude of 0.20 inches and

may affect to some extent the exact rate of extension of the

material, particularly for high modulus, low elongation materials.

The test machine for this method must be capable of 2 to 20 inches

per minute cross-head travel. Both test methods require machine

accuracy better than + 27%o

The extension or strain ,of the specimen may be measured in

either test method by grip separation, extension indicators or

displacement gage marks, Grip separation is the easier and the

more common of three alternatives for strain measurement, The

grips used for holding the films must minimize slippage and uneven

stress distribution within the films. The specification does

permit use of pressure sensitive tapes as intermediates between the

grip and the test specimen in order to assist in holding and to

promote even stress distribution of the film without tearing it.

This is a common procedure in most testing laboratories,

The test specimen. is to be cut straight and clean with parallel

edges, no necks, uncut areas or other imperfections, Thickness of

the specimen is to be measured by Method C of ASTM D374 which is'

discussed more fully in Par. 4o3 below, Sample preparation and

test conditions call for a temperature of 23 + 1 C. (73.4 t l.8° F.)

and relative humidity of 50 + 2%. Most plastics are quite subject to

change of characteristics with temperature, Polyethylene, Mylar,

polypropylene and some others are relatively insensitive to changes
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in relative humidity. Nylon is particularly sensitive to moisture

and its mechanical properties change several fold according to

equilibrium with dry or saturated moisture environment. Polycarbon-

ate and urethane plastics would also be expected to be sensitive to

humidity variations to an extent greater than that of polyethylene.

Test specimens are to be of uniform width and thickness. The width

may be from 0.20 to 1.0 inches and edges must be parallel to within

5%. The width must be at least eight times the thickness of the

sample and it is measured to a precision of .010 inches. Thickness

should be uniform within 107 and should be measured at several

points to .0001 inches precision.

The range of the test machine should be adjusted so that the

ultimate strength will fall within the upper two-thirds range of

the test machine. Where elastic modulus is being measured, the

force and elongation scales should be adjusted to pilot the stress-

strain curve at a 30 to 60 degree angle to the axis for greater

accuracy of measurement.

Gage length (distance between tight grips) and strain rate of

the specimen are to be adjusted in accordance with the mechanical

properties of the specific material in this specification. These

rates are adjusted to give greater test convenience and perhaps

better precision and analysis of materials characteristic for each

type of material. They do not directly provide for comparison tests

among materials of very different characteristics. The following

table presents the required strain rate and grip and gage length

according to the ASTM specification for measurement of ultimate

tensile strength and elongation and for measuring the modulus of

elasticity of plastic films.
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Grip Strain
Percent Distance Grip Rate Rate

Method Elongation Inch Inch/Min. Per Mino

A less than 20 5 0o5 0.1
20 to 100 4 2o0 0.5
more than 100 2 20.0 10.0

B less than 100 4 2.0 0o5
more than 100 2 20o0 10.0

Modulus of Elasticity Test 10 lo0 0ol

Properties to be reported according to this specification are

breaking factor, tensile strength, yield strength, elastic modulus

(initial), or secant modulus (where no proportionality is evident)

to three significant figures. Percent elongation at break and

percent elongation at yield are to be reported to two significant

figures. The average of each property and the standard deviation

of test results is to be calculatedo The standard deviation is to

be estimated by the following formula:

s = estimated standard

- / Ex ° deviation
O \/ ^ p I x = observed value

lV - I x = average of observed
values

n = number of observa-
tions

Reports of tests performed by ASTM D882-612 should include the

following information: (1) material designation--type, source,

manufacturer code number, form, prior history, orientation; (2)

method of sample preparation; (3) thickness, width and length of

specimen; (4) number of specimens tested in each direction; (5)

strain rate; (6) initial grip separation; (7) cross-head speed;

(8) gage length; (9) type of grips and facings; (10) test method

A or B; (11) conditioning and test temperature and humidity;
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(12) anomalous behavior of test specimens, if any; and (13) property

average and standard deviation.

The second method for testing the tensile characteristics of

thin plastic films is ASTM D1923-61T. This test method is based

upon a constant rate of stress for the material rather than the

more conventional constant rate of strain. Specimen preparation,

test conditions and report methods are identical to those of method

D882. The equipment, however, is very different. For this test

method, the load application is accomplished by a dead weight riding

on a tilting table or an inclined plane which is gradually but

uniformly adjusted so that its increasingly vertical position

applies the load at a rate which can be adjusted between 10 to

150 pounds per minute. The specified rate of stressing of the

plastic specimen is 20,000 psi. tensile stress per minute.

Valid arguments can be made for testing at a constant strain

rate or at a constant rate of stress. Comparing two materials is

perhaps an appropriate basis for better definition of testing by

method D1923. Using a 4 inch gage length with a material such as

polyethylene at 3,000 psi. ultimate tensile and perhaps 4007% elonga-

tion, this test would be accomplished in nine seconds and the strain

rate would be 28007% per minute. Using a 4 inch gage length of Mylar

film of tensile strength 18,000 psi. and elongation of 100%, the

test would be performed in 54 seconds and the strain rate would be

approximately 110% per minute. These strain rates may be compared

to those mentioned previously which are defined as the basis for

methods A and B of ASTM D882.
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2.oloo2 Rubber

The ASTM method for tension testing of vulcanized

rubber and rubber-like materials is D412-61T. This test method

would be appropriate for thermoplastic materials of high elongation

such as polyurethane and polyethylene-ethyl acrylate copolymer as

well as the conventional natural and synthetic elastomers. Whereas

the test methods for plastic films generally use a specimen of

uniform width, the rubber test methods all call for a die-cut speci-

men of dumbbell shape. The ASTM specification has six different die

dimensions with gage width varying from .125 to .500 inches. Die C

is the most common and is illustrated in Figure 1o Here the total

length of the specimen is 4 1/2 inches, gage width is .250 inches

and gage length is 1 inch. Thickness of the specimen should be in

the range of 1/16 to 1/8 inch and it should be measured with a dial

micrometer to .001 inch accuracy. The dial micrometer should have

a dead weight load of 3.0 t 0ol oz. on a foot of .25 + o01 inch

diameter.

The test machine should be capable of a 2% accuracy and should

pull the specimen at a constant cross-head rate of 20 inches per

minute, Specimens are to be conditioned for at least three hours

and tested at a temperature of 23 t 1 Co (73.4 t 1.8° F.)o

Strain measurement is accomplished by observing one-inch gage

marks that are stamped with ink onto the test specimen. A complete

stress-strain curve is not usually plotted for rubber but the force

required to accomplish elongation at specified intervals may be

noted. One hundred percent and 3007% elongation are the more common

points at which tensile force is measured and then, of course,
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ultimate tensile and ultimate elongation are observed for the given

sample. This specification defines tensile strength as the ultimate

force divided by initial cross-sectional area. It also defines

"tensile stress" as the stress at a specified elongation such as

100 percent or 300 percent; this was formerly termed "modulus" of

the rubber. The test report must state the die used for cutting the

specimen, the nature of the test machine, its range and the test

temperature. Data must include dimensions of the specimens, forces,

elongation and calculated results.

The same test method includes a test for what is called

"tension set" for the rubber. This is a special variation of a

creep test and is discussed below in Par. 2.3.1.

The Federal Test Method Standard No. 601 includes a test for

the tensile strength of rubber, identified as Method 4111. The

differences between this test method and the ASTM D412 are few.

FTMS 601 provides for one additional specimen shape and requires a

test machine with accuracy t 1 percent. Other requirements are

similar to the ASTM specification.

2.1.1.3 Fabrics

Methods for testing the tensile strength of fabrics

are presented in ASTM Standards, Volume 10, and in Federal Specifi-

cation CCC-T-191B.

ASTM specification D1682-59T entitled, "Breaking Load and

Elongation of Textile Fabrics," provides for testing by three

different methods: grab, ravelled strip and cut strip methods. A

greater flexibility in test machine is provided in this specifica-

tion than in some of the others in that a constant rate of
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transverse (pendulum), a constant rate of load, or a constant rate

of extension machine may be used.

The grab method for fabric testing measures the strength of

yarns in a specific width (grip width) plus the additional strength

contributed by adjacent yarns. The specimen is 4 inches wide and

is grabbed at a 1 to 2 inch width at the center of the specimen.

Thus, there is a shear contribution to the total strength as

measured by the grab method which is in part an evaluation of load

distributing ability of the textile.

The ravelled strip method determines the strength of a specific

width of fabric which may be 1 or 2 inches wide In this case, the

threads are ravelled to the exact width and a true tensile strength

is determined. This method can be used only if there are more than

20 yarns in the width of the specimen, The cut strip method is again

of defined tensile width but it is used for heavily filled fabrics

and felts where the fabric cannot be easily ravelled. A woven

fabric tested by the cut strip method may result with non-parallel

fibers and anomalous tensile strength results.

All three test methods use a 3-inch gage length between grips,

Strain rate is not controlled directly; neither is the rate of

loading controlled for the tensile tests. Instead, the total test

time to failure, is considered the basis of comparison, and strain

or loading rates must be adjusted to provide specimen failure within

the specified time of 20 + 3 seconds.

This specification recommends conditioning of specimens at

70 + 20 F. and 65% relative humidity for a period of 2 to 8 hours,

depending upon the rate of equilibration and the specimens should

be tested under identical conditions. Five warp specimens and
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eight specimens from the fill direction should be tested for each

unknown sample.

The ASTM provides a very pertinent discussion of textile

breakage near the jaw of the test machine which is quoted below:

"Note 13.--It is difficult to determine the precise reason
why certain specimens break near the edge of the jaws. If
this is caused by damage to the specimen by the jaws, then
the results should be discarded. If, however, it is merely
due to randomly distributed weak places, it is a perfectly
legitimate result. In some cases, it may also be caused by
a concentration of stress in the area adjacent to the jaws
because they prevent the specimen from contracting in width
as the load is applied. In these cases, a break near the
edge of the jaws is inevitable and shall be accepted as a
characteristic of the particular method of test. This is
often the case when testing fabrics using the grab method."

Federal specification CCC-T-191B provides different methods

for the grab and cut strip method of specimen testing. The grab

method uses a specimen 4 inches by 6 inches which is clamped with

a 3 inch gage length using a 6 oz. preload on the fabric. Rate of

cross-head speed is controlled at 12.0 + 0.5 inches per minute.

Accuracy of the testing machine must be within + 2% for loads less

than 50 pounds and + 1% for loads exceeding 50 pounds. Load range

should be selected so that specimen breakage occurs within 15 to

85% of full range. Method 5102 of the Federal specification

presents the cut strip method which uses a specimen 1 inch by 6

inches or longer which is tested under the same conditions as the

grab method of test 5100.

2.1,2 Ultimate Elongation

The ultimate elongation of a material loaded in tension is

usually measured by the same test method as the ultimate tensile

strength. Specifications mentioned above define the procedures for

noting and recording the ultimate elongation of the materials.
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For films (D882) and textiles (D1682), the ultimate elongation

is based upon the total stretch between the grips even though this

may not be uniform. With the dumbbell specimen used for elastomers

(D412), elongation is based upon stretch of the 1-inch gage length

marked on the uniform cross-section.

2.1.3 Modulus of Elasticity

Hooke's law defines the modulus of elasticity for a

material as a constant ratio of stress to strain. If a material

obeys Hooke's law, this ratio is constant throughout a definite

and observable range of stress and strain. Some materials such as

zinc and copper do not follow Hooke's law even at very low stresses,

While most of the elastomers, plastics, and synthetic fibers do not

exhibit Hookean behavior even in a small range, a few varieties do.

Many materials experience a viscous flow during load applica-

tion apart from their elastic or plastic deformation. Thus, with

organic materials, we are usually concerned with viscoelastic char-

acteristics over a wide range. In order to properly measure the

viscous component of behavior, stress-strain tests must be made over

a range of loading rates; or creep or stress relaxation tests may be

made, as will be discussed in Par, 2.3 below.

The general guideline for determination of the elastic or

Young's modulus at room temperature is ASTM Method Elll-61, This

specification defines four different moduli which may be used for

materials which do not obey Hooke's lawo These are initial tangent

modulus, tangent modulus at any stress, secant modulus between the

origin and any stress, and chord modulus between any two stresses.

The initial tangent modulus and the secant modulus are the more
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important of these four, and are defined in Par. 5.1 of this report.

Method Elll "is limited to materials in which creep is negligible

compared to the strain produced immediately upon loading," which is

usually not the case with most thermoplastic materials. The speed

of testing should be low enough to make negligible the thermal

effects of adiabatic expansion or contraction of the material, yet

the test should be fast enough to make creep negligible.

2.1.3.1 Films

ASTM method D882, discussed above, provides a

standard method for measuring the modulus of elasticity of plastic

films. Another specification of very similar nature is D1530-58T,

"Tensile Modulus of Elasticity of Thin Plastic Sheeting." Again,

a constant-rate-of-extension machine is to be used with a weighing

head moving less than 2% of the extension and with accuracy of

+ 2% on both load and elongation. The strain rate is stated to be

10 + 0.5% per minute. Specimen preparation is the same as in

D882. Gage length of the test section is to be 10 inches and the

width may be 0.19 to 1.25 inches with a width/thickness ratio

exceeding eight. This method states "elastic modulus values are

preferable and shall be calculated wherever possible. However, for

materials where no proportionality is evident, the secant value

shall be calculated." This method also states that when different

materials are being compared for stiffness, specimens of identical

dimensions must be employed.

Reports based on this test method should state material, type,

source, code number, form, dimension and orientation, temperature

and humidity conditioning, specimen preparation, specimen thickness,
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width, gage length, nature of grips and facing, the number of speci-

mens tested and the average modulus and standard deviation. If

secant modulus is reported, the basis for its definition shall be

stated.

ASTM committee action in 1962 apparently discontinued D1530 as

unnecessary duplication of D882.

2.1.3,2 Rubber

The stress-strain characteristics of elastomers

(synthetic rubber) are definitely non-Hookean but are more of a

sigmoidal (S-shaped) nature. For this reason, the stress-strain

characteristics of the rubber are best presented with a complete

curve from zero stress to ultimate tensile strength. An alternate

procedure is to specify two or more intermediate points on the curve

at definite levels of strain. Usually 1007 and 300% strain are

taken as the intermediate points. In past years, the tensile stress

at such points has been termed "modulus.'" It is more correctly

referred to as merely tensile stress at specified strai aand the

present specifications define it in such terms, ASTM method

D412-61T, as discussed above, specifies the nature of test- specimen

and the procedures for- learning the tensile stress at a given straino

Federal Test Method Standard Noo 601 describes a similar test in

method 4131. The test conditions and calculation of stresses are

identical to those used for ultimate tensile strength of the

elastomer.
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2.1.3.3 Fabrics

Woven fabrics exhibit a stiffness behavior in

tension dependent upon the nature of weave as well as upon the

behavior of the individual fibers. There are no provisions in ASTM

or the Federal specifications for measuring a modulus of elasticity

of woven fabrics. On the other hand, neither is there any limita-

tion to using techniques for textiles similar to those designed for

films except that such use would be considered nonstandard.

2.1.3.4 Shear Modulus

In the preceding three paragraphs, modulus of

elasticity in tension was implied. The shear modulus of a material

is usually 30% to 50O/o that of the tensile modulus. It is of

importance wherever the material may experience shear loads rather

than or in addition to direct tensile loads. ASTM method E143-61

provides for "Determination of Shear Modulus at Room Temperature"

for plastics. However, this test uses either cylindrical bars or

tubes and applies loads in pure shear by the process of torsion.

For this specification, creep in the material should be negligible.

The shear modulus is defined as the ratio of shear stress to

the shear strain where the force is in a direction parallel to the

cross-section of the restraining material. This implies a force

couple in terms of simple mechanics.

Because balloon materials are not generally available in the

form of bars or tubes of satisfactory dimensions or because mechan-

ical properties may be affected by thickness or orientation, which

would be different for films and thicker sections, ASTM E143 is not
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an appropriate method for measuring the shear modulus of plastic

films. Considering that balloon films often, experience shear

stresses, it appears that a method for measuring both shear

strength and shear modulus of plastic films and fabrics would be

very desirable.

2o 1.4 Yield Strength

The yield strength of a ferrous alloy is very easily

learned from observation of a tensile test or upon examination of

a tensile stress-strain curve. Shortly after the proportional

limit is reached, a ferrous alloy decreases slightly in load-

carrying ability and undergoes a significant plastic strain prior

to a further increase in stress and strain to the ultimate point.

This inflection or maximum-minimum characteristic in the curve is

the yield point. Such an obvious transition is not usually observed

in other metals and is even less often experienced with plastics.

However, because the yield point is an appropriate basis for safety

factors in structural design, it has been engineering practice to

synthesize a yield strength for other materials based upon a "seat

of the pants" analysis of the stress-strain curve and an anticipa-

tion of good engineering design.

Tensile test methods discussed above in Par, 2,1.1 provide a

basis for definition of yield strength if a complete stress-strain

curve is recorded for each material. The procedure for definition

of yield strength is not standardized and is often left to the

discretion of those concerned with the material utilizationo The

yield strength may be defined as a tensile strength at a given

percent elongation; or it may be defined as a tensile strength
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observed with a given percent elongation (off-set) plus an intercept

parallel to the elastic modulus curve. For plastics, the latter

procedure is probably not appropriate even though it is more common

for aluminum, magnesium, titanium and other metal alloys. The lack

of true proportional stress-strain behavior in most of the plastics

leads to an appropriate yield strength definition based upon a

specified (though perhaps arbitrary) strain of the material. The

yield strength should be near the knee in the stress-strain curve.

Its definition might well be reinforced by evaluation of creep or

hysteresis characteristics so that the yield strength would be

specified at a level below stresses which would cause a significant

rate of creep.

2.1.5 Adhesive or Seal Strength

The bond strength of films or fabrics may be evaluated by

methods in accordance with the manner in which the attachment is

actually accomplished. Where a fin seal is made, the films are

subject to peripheral stresses which would cause unpeeling of the

seal. On the other hand, where balloons are fabricated by an over-

lapping of fabric or film with either heat sealing or adhesive

bonding, the seam would fail by a lap-shear experience.

2.1.5.1 Peel Strength

A procedure for evaluating heat-seal capability of

polyethylene film is described in CS 227-59. A seal 0.50 t .02 inch

wide is made using platen temperature 3500 F. pressure 30 t 1 psi.

and time 0.5 t 0.2 sec. The strength of the heat seal is measured

in peel using a 2" gage length, 20 inch per minute test as in D882.



22

The "coefficient of heat sealability" is defined as the ratio of peel

strength to material strength.

ASTM method D903, "Peel or Stripping Strength of Adhesives,"

provides for the evaluation of an adhesive strength between two

flexible materials or between a flexible and a rigid material, It

is particularly designed for evaluation of adhesives where a sizable

area is involved and it is less appropriate for the evaluation of a

fin seal in plastic film. The test machine for this method may be of

the CRT or CRL type with accuracy to 1.% The cross-head travel is

to be constant at 12 inches per minute. An autographic chart showing

force versus distance traveled is required, and from this chart an

average peel strength in force per unit width can be obtainedo

Specimens are to be conditioned and tested at 73o4 t 20 Fo and

50 + 2% relative humidity.

A static seal peel strength test is stated in Paro 4o6ol of

MIL-B-131C, "Barrier Material; Water Vaporproof, Flexible," This

specification is related particularly to bag material which might

be something like a 5 mil polyethylene filmo The room temperature

.seam strength for heat seals of this material uses a specimen 1 inch

wide and a dead weight of 3 1/2 pounds which is to hang onto this

specimen for a period of 5 minutes Any failure or opening up of

the seam during this time is cause for rejection of the particular

material.

For balloon fabrication, it is probably most appropriate to

test seams in balloon films by the same methods that are used to

test ultimate ten-sile strength of the film as discussed above in

Par, 2loliil rather than to use ASTM method D903 or a modification

of the seam strength test of MIL-B-131Co The relationship of seam
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strength to material strength is of major importance in the balloon

fabrication.

2.1.5.2 Lap-Shear Strength

Where overlapped seams are used in balloon fabrica-

tion, the lap-shear strength of the adhesive or of the heat seal is

of concern. ASTM D1002-53, "Strength Properties of Adhesives in

Shear by Tension Loading (Metal to Metal)," is the ASTM procedure

for evaluation of lap-shear strength of adhesives, Federal test

method standard No. 175 presents methods 1033 and 1033.1.T. All

three of these specifications are similar in general requirements

and differ only in detail. Specimens are recommended to be .064

inch + .005 inch thickness if of metal. The length of overlap is

recommended at .50 t .05 inch and width should be 1 inch. Length

of each panel going into the strip specimen should be 4 inches or

longer.

The loading rate should be controlled in the range of 600 to

700 psi. (shear) per minute which corresponds to a cross-head rate

of approximately .05 inches per minute. The adherends (metal panels)

must not be stressed above the yield point.

The seam breaking strength of woven textile fabrics may be

measured by method D1683-59T. This test method calls for specimens

4 inches by 6 inches with a sewn seam across the center. This

sample is tested by the grab method of ASTM D1682-59T using a 3

inch gage length and 4 inch width.

Where adhesives are used in metallic structural fabrications,

a greater safety factor is usually used on the adhesive joint than

on the tensile strength of the metal. On a plastic balloon
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fabrication, however, the strength of the seal or bonded joint may

be very nearly equivalent to the strength of the parent filmo For

this reason, it is appropriate to test bonds using the anticipated

balloon film or fabric in an assembly comparable to that used during

manufacture of the balloon, Thus, it is very probable that the

joint may be stressed to very nearly the yield strength of the

plastic film; and, in fact, the stress redistribution at the seam

may be an important variable 'to be evaluated for each prospective

adhesive or seam methodo Thus, it again appears that the appropri-

ate method for evaluating the lap-shear strength of seams made in

balloon materials should be by a method comparable to the tensile

strength procedure used for -the pure material.

2,1.6 Shear Strength

ASTM standards for determining shear strength.of plastics,

metals, and elastomers relate to the use of samples with thickness

considerably greater than that appropriate for balloon films.

Method D732-46, "Shear Strength of Plastics " is a punch shear

.which measures the force per unit area required to punch a hole

through the materialo A special shear tool with a rigid annular

clamp and the cylindrical punch travels through the specimen which

may be .005 to .500 inch in thickness. A very close fit of dowel

punch and hardened steel bushing is required for this tool..

Method -D945-59, "Mechanical Properties of Elastomeric

Vulcanizates Under Compressive or Shear Strains by the Mechanical.

Oscillograph," is .intended principally to measure dynamic character-

istics, such as resilience, that are important for absorption. or

isolation of vibration. The test method is not appropriate where
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the shear modulus exceeds 1400 psi. Shear specimens employ a block

of rubber .50 by .50 by .882 inches thick between metal plates of

dimension ,50 by 1.50 by .125 inch. This test method would be

appropriate for only the flimsiest (low modulus-high flexibility)

of balloon materials.

2.1.7 Poisson's Ratio

The absolute value of the ratio of transverse strain to

the corresponding axial strain resulting from uniformly distributed

axial stresses below the proportional limit of the material is

defined as Poisson's Ratio. An apparent Poisson's ratio can be

defined going into the range of plastic behavior of the material

but the specific range should be stated if it is beyond the range

of Hookean behavior. ASTM method E132, "Determination of Poisson's

Ratio at Room Temperature," is the standard method that is applicable

here. Direct strain measurements are made in the axial and trans-

verse direction for a test specimen under load. These measurements

may be accomplished by mechanical extensometers or by strain gages,

both of which are extremely difficult to use with plastic films.

Visual observation of the transverse direction is usually not of

sufficient accuracy within the range of elastic behavior of a

material and axial wrinkling of a plastic film under stress could

throw such an observation into chaos.

An alternate method for estimating Poisson's ( ) ratio uses

the following formula based upon tensile and shear modulus:

y = E _I E = tensile modulus

/2 G 0 = shear modulus
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2.2 Multi-Axial Static Tests

The standard tensile and shear tests discussed up to the present

time refer to forces which are applied in one direction; and because

of uniform, symmetrical cross-section area, the material experiences

a uniform stress only in the uniaxial directioro, In any two- or

three-dimensional fabrication, the force environment is usually

sufficiently complex so that multi-axial stresses are experienced

within the structure. These may occur particuiarly at points of

stress concentration even though the external forces may be uniaxial;

or they may occur where forces are transferred to surfaces through

a fluid medium. In theory, the natural balloon experiences uniaxial

stresses in the vertical direction when in equilibrium at float

altitude. However, during inflation and ascent, the balloon material

may experience peripheral forces due to the pneumatic pressure

difference on the wall of the balloono The combination of peripheral

and axial (gravimetric) forces leads to unbalanced biaxial stresses

on the balloon film.

Standard test methods which subject the test specimen to

multi-axial static stresses particularly relate to tear strength

where a stress concentration is involved or to diaphragm burst tests,

2,2.1 Tear Initiation

Tear initiation of a test specimen implies the initial

requirement of a sharp notch within a specimen which is subject to

tensile loading. The high stress concentration around the notch is

distributed in radial directions and the force to initiate a tear

or a crack across the material is measuredo There are standard
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procedures for measuring this characteristic of metals where it is

usually referred to as "notch sensitivity." The ability of the

metal to withstand stress concentrations is evaluated by this type

of test. It is particularly effective for learning the qualifica-

tions of a metal for use at extremely low temperatures where

embrittlement is of concern.

For organic materials, the standard test method for measuring

tear initiation strength is based upon the work of Mr. F. L. Graves

who published in 1944 a paper entitled, "The Evaluation of Tear

Resistance in Elastomers." ASTM Method D1004-61 is based upon the

Graves method for "Tear Resistance of Plastic Film and Sheeting."

Specimen 3 of ASTM D624-54 uses a similar procedure for measuring

the tear resistance of rubber. Method D1004 has limitations similar

to those of tests which will be discussed in paragraphs 2.2.2 and

2.3.2 below. The concern here is that actual use performance in

tearing of plastics may not necessarily correlate with data from

the test method. In addition, although data is usually reported in

terms of force per unit thickness, the data from these test methods

may not be appropriate for describing materials of different thick-

nesses. These qualifications are due largely to the variable

effects of materials properties in different fabrications and in

different applications.

The specimen used for Method D1004 is illustrated in Figure 2.

Axial forces applied in the direction of the rectangular sections of

the test specimen provide a stress concentration on the notch area

and the maximum force is measured very early in the testing of the

specimen. Specimen thickness should be measured to .0001 inch by

method D374. Specimens may be tested individually or in a stacked
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bundle. Preparation for the latter involves stapling of several

films together and then die-cutting the stack to the dimensions

shown in the illustration. The very low tear strength of many

materials in relation to usual test machine sensitivity may be the

reason for permitting bundling of the test specimens. Where machine

sensitivity is sufficiently precise for individual specimens, stacks

or bundles should be avoided due to the difficulty of insuring

uniform force on each of the films,

The test machine may be of a constant-rate-of-extension or

constant-rate-of-transverse (pendulum) type and cross-head travel

should be 2 inches per minute, The machine should indicate or record

the maximum force to an accuracy of + 2 percent. The specimen grips

must minimize slippage and uneven stress distribution and should

prevent rotation of the specimen within the gripo The unbalanced

dimensions of the specimen lead to a tendency of rotation within

the grips if there is this opportunity,

The Graves specimen which may be used in test method D624-54 for

the tear resistance of vulcanized rubber is identical in shape to

.that discussed above. The test machine may be of the inclined

balance or the pendulum type with accuracy to + 1%. Thickness of

the test specimen should be measured to .001 inch as in method

D412 used for the tension testing of rubber, A major distinction

between the rubber and plastic film test method is the faster rate--

20 inches per minute--used for testing the tear strength of the

rubber specimen.'
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2.2.2 Tear Propagation

Test methods for evaluating the tear propagation strength

of materials all use specimens with initiated tears (razor slits) at

right angles or parallel to the direction of force application.

Two die-cut test specimens for rubber testing by method D624

are of the tear propagation type. These are crescent-shaped speci-

mens with a razor nick about 1/16 inch deep at the center of the

crescent. The first of these specimens has rounded ends, the second

has rectangular tabs at the end for easier installation within the

testing machine. Specimen thickness, test machine and cross-head

rate for method D624 are the same for these specimens as was

mentioned above for the Graves tear test specimen of ASTM D624.

A very recent ASTM test of interest is method D1938-62T,

"Resistance to Tear Propagation in Plastic Film and Thin Sheeting

by a Single Tear Method." In this case, the test specimen is cut

by a razor blade from plastic film in a shape shown in Figure 3.

Tabs A and B are gripped within the tensile machine and they are

pulled in the direction parallel to the razor slit. The test

machine should be of the constant-rate-of-extension type as is used

in ASTM D882 Method A. A force recorder is required with an

accuracy of t 2%. Rate of cross-head travel is 10 + .5 inch per

minute. A very sensitive load cell is required for this particular

test since tear propagation forces for balloon films are very low.

The record obtained for the films may be of the types illustrated

below in Figures 4a and 4b, depending upon whether the film has a

low or high elongation. For films of the former type, the average

propagation force is evaluated; for those of high elongation type,
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the initial and the maximum tearing forces are reported, The test

report should state the.median value from five or more tests in each

direction and should estimate the standard deviation of the test

results. Caution is given regarding performance correlations and

dissimilar thickness effects as was mentioned above in relationship

to ASTM D1004o

There are three standard tear tests for woven fabrics. ASTM

Method D39-61 and Methods 5134 and 5136 of Federal Specification

CCC-T-191B .

The tongue tear test of ASTM D39-61. is apparently identical to

that of Method 5134 and in the Federal specification. This test

uses a specimen 3 inches by 8 inches with a 3 inch slit down the

center parallel to the 8 inch direction (Figure 5a). Jaws for

gripping the specimen are I inch by 2 or more inches and the two

tongues are pulled apart at 12 t .5 inch per minute as the specimen

is progressively torn apart. This method is appropriate where the

fabric has approximately the same tearing strength in both the warp

and fill directions. Reported tensile strength should be the average

of the maximum tearing force from five or more test specimens.

Where the woven fabric has an unbalanced tear strength in its

warp and fill directions, Method 5136, "Strength of Cloth Tearing;

Trapezoid Method," is appropriate. An isosceles trapezoid having

an altitude of 3 inches and bases of 1 and 4 inches is used here

with a cut approximately 3/8 inch in length at the center and

perpendicular to the 1 inch edge (Figure 5b) o The non-parallel

sides of the trapezoid are clamped in the testing machine and these

are pulled apart at the rate of 12 t+ 5 inches per minute. Again,

the average of five maximum tear strengths is the reported value,
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The current ASTM discredits the trapezoid tear test, "Since it

is essentially the sort of tension test which is affected only by

the properties of the yarns that are gripped in the jaws and not by

the fabric structure."

2,2,3 Burst Tests

Standard burst tests use a balanced biaxial stress applied

with a motion perpendicular to the plane of the taut diaphragm under

test. Burst tests are standard for woven textiles and for paper.

ASTM Method D76-53, "Specifications for Textile Testing

Machines," refers to two different types of apparatus and provides

test methods for each. A ball attachment to a standard tensile

testing machine may be used in conjunction with a ring clamp for

the first of these test methods. The polished steel ball of 1.000

+
- .001 inch diameter is pushed perpendicular to the plane of the

clamped fabric and the bursting force is measured. A ring clamp of

1.750 + .001 inch internal diameter is used to hold the fabric as a

diaphragm. The other test method uses a hydraulic diaphragm burst

tester with a ring clamp of 1.200 + .001 inch diameter. A thin

rubber diaphragm is distended in the direction of the taut fabric

at the rate of 6 t .25 cubic inch per minute (98.4 + 4.1 ml. per

minute rate of hydraulic fluid pumped into the chamber). The

burst pressure is measured hydraulically with a Bourdon gauge of

accuracy + 2 1/2% of its total capacity.

Federal specification CCC-T-191b, "Textile Test Methods,"

provides Method 5122, "Strength of Cloth; Diaphragm Bursting Method."

In this test, the fabric is held down by a mechanical holding rig

with opening 1.200 + .001 inch diameter. The lower diaphragm plate
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is ,125 inch thick and has an opening 1.25 t o001 inch diameter in

which a thin rubber diaphragm is locatedo A hydraulic pump,

forcing fluid into the chamber below the diaphragm, forces it up

through the opening which stresses the fabric in biaxial direc-

tions and causes it to burst Hydraulic operation is to pump at

the rate of 95 i 10 ml, per minute and pressure is increased until

rupture occurs, The gross burst pressure (maximum experienced prior

to rupture) and the diaphragm distortion are usually measuredo The

diaphragm pressure after burst (resistance to hydraulic pressure

due to diaphragm restraint alone) is measured and is subtracted

from the gross burst pressure to obtain the net hydraulic pressure

required-for breakage, A variation of the e. tter test is also used

in ASTM D774-46, "Bursting Strength of Paper " The same type of

apparatus is used except in this case hydraulic flow is at the rate

of 75 ml, per' minute 

2 3 Dynamic Testing

Dynamic tests particularly refer to the importance of time on

materials properties :o Of concern may be fast loading rates of an

impact nature, or the opposite-- the gradual creep of a material

under a constant loado A third phenomenon is sometimes experienced

with viscoelastic materials--stress relaxation (decrease' of stre.ss:

in a material under constant elongation) but this is of little-

concern in a balloon filmo

2,3o1 Tensile Creep

The gradual elongation of a material under a, constant

tensile loading is referred to as tensile creep This is a



33

viscoelastic phenomenon and its magnitude varies greatly depending

upon the nature of the material that is being tested.

ASTM specification D674-56, "Long-Time Creep or Stress-

Relaxation Tests of Plastics Under Tension or Compression Loads at

Different Temperatures," presents general guidelines for tensile

creep tests. This specification does not state stress level, time,

or temperature for any specific tests. Rather it recognizes that

there may be a great range of viscoelastic behaviors among the

materials and it discusses the parameters which are considered to

be the most important. It permits the test variables to be

adjusted in order to learn a maximum amount of information about a

given material or materials. This specification is correct in

stating that the "extremely time-consuming nature of the test makes

it generally unsuited for routine testing or for specification in

purchase of material." This test method "is therefore confined

largely to research testing where standardization is generally

undesirable because it tends to retard development of improved

methods."

Creep tests are highly sensitive to changes in material

composition and to environmental conditions. Hence, very precise

test techniques must be used for accurate creep tests. Constant

loads are most often applied to the specimens by direct applica-

tion of dead weights or with weights applied to a lever acting on

the specimen. The load on the specimen should be known within 1%

and the system should be suitably isolated from exterior shock and

vibration.

Temperature is considered to be the most important single

factor affecting material behavior in a creep test. Therefore,
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very close control of temperature is required whether this be high

or low temperature testing, The specification states that there

should be at least 50 observations of temperature at different

times and locations adjacent to the test specimen during the creep

test . Fluctuation of temperature should be as small as possibleo

Temperature differences throughout the gage length of a. specimen

should be within t 1° Fo for tests run at moderate temperatures.

Relative humidity should be controlled as closely as possible and

50 + 2% is recommended as the basis for referenceo The measuring

instrument for indicating the relative humidity should be accurate

to within t. 1%o

This specification recommends that strain measurement should

be accurate to O0001 inch where the expected creep may be of a

magnitude of several. incheso Four to six test specimens should

be used at each temperature and the initial. stress values should

be distributed to provide information on creep from nearly zero

stress to at least the presumed yield point of a material.O Creep

data may be presented as total creep or total strain versus time on

linear or log-log coordinates For many materials, data in the

latter presentation provide in nearly straight-line diagrams which

facilitate interpolation and extrapolation.

A standard method for measuring the creep of rubber specimens

is included in ASTM D412-61T, "Tension Testing of Vulcanized Rubber,"

which was partially discussed in Paro 21o loo2 The tensile set of

the elastomer is evaluated by pulling the material to a specified

elongation within a period of 1.5 seconds, holding at that elongation

for 10 minutes and then releasing the loado After the material has

rested for 10 minutes, its gage length is measured to a precision
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of .01 inches. The permanent set in the material is a measure of

creep based on a directly measured initial elongation with perhaps

an estimate of the stress on the material. This is not a true

creep test, but it does give an indication of the viscous nature

of the material such that one elastomer could be easily compared

with another on the basis of this type of test. This test does

not provide creep design data.

2.3.2 Impact Tear Propagation

Standard test methods are available for measuring the

tearing force or tearing energy required to propagate a tear

initiated in plastic film or woven fabrics. The Elmendorf

procedure was developed in 1920 for paper and has since been

adapted for other materials.

ASTM Method D1922-61T, "Propagation Tear Resistance of Plastic

Film and Thin Sheeting," is an adaptation of the Elmendorf test for

plastic films. Qualifications are placed upon this test method and

upon the adaptation of test results for engineering applications of

materials comparable to those discussed above in Par, 2,2.1 and 2.2,2

for "static" tear initiation and propagation. The specification

states, because of "the difficulty found in testing highly exten-

sible or highly oriented materials, or both, the reproducibility

of the test results may be variable and, in some cases, not good or

misleading."

The Elmendorf tear tester made by the Thwing-Albert Instrument

Company is recommended for this test. A specimen about 3 inches by

3 inches with a precut slit of .8 inch length is used for this test

(Figure 6). The specimen is held on one side by the raised
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pendulum and on the other side by the stationary frame, -After

release, the pendulum swings by gravity through an arc tearing the

specimen, and the loss in energy by the pendulum is indicated by a

pointer. The tearing rate cf the material by this method is in a

range of 300 to 1800 inches per minute and is a function of the..

material's resistance to tearo Some films show a reproducibility

of + 507% This specification states that it should be used to

supplement data from method D1004 (Graves tear test) and that there

may not be a direct correlation between the two test methods. Sets

of data from specimens of dissimilar thicknesses are usually not

comparable.

The Elmendorf tear test for textiles is ASTM D1424-59, "Tear

Resistance of Woven Fabrics by Falling Pendulum Apparatus," This

uses a test specimen different from that for the plastic films and

measures the length of a. tear propagated by the measured change in

potential energy of the falling .pendulumo The tear force is equal

to the energy loss divided by twice the length of the tearo In

this case, the specimen is 4 inches by 2 1/2 inches with a slit of

.8 inchj.length.

.Method D689-62, "Internal Tearing Resistance of Paper," was

the original application of the Elmendorf tear tester, Multiple

plies of paper are allowed in this test method and the average

force in grams required to tear a single or the multiple sheets

is the measured variable, The test method is stated to be highly

sensitive to procedural details,
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2.3.3 Diaphragm Impact

The impact strength of a material is not an intrinsic

property which can be used directly for engineering design.

However, it may be a useful quantitative evaluation of intangible

characteristics. Diaphragm impact accomplishes multi-axial

tensile stressing of the material at a rapid rate of loading.

The ASTM Method for Diaphragm impact of plastic films is

Specification D1709-62T, "Impact Resistance of Polyethylene Film

by the Free Falling Dart Methodo" This is published in the 1962

Supplement to Volume 9 of the Standards, Two test methods are

stated here for use in different strength ranges. This test estab-

lishes the weight of a falling dart which causes 50% of the film

specimens to fail. The impact resistance varies non-linearly with

sample thickness and extrapolation is not appropriate. The confi-

dence limits of the test may vary significantly depending upon the

uniformity of film thickness, presence of die marks, contaminants,

etco The apparatus uses an annular ring 5 inches inside diameter

which clamps the film in a horizontal position preferably using air

pressure in the clamping mechanism. An electromagnet is above the

diaphragm and is used to hold and then to release the weighted dart

which drops and hits the diaphragm in the center. Two different

dart sizes may be used at different heights as are noted in the

table below. The dart has a hemispherical head with detachable

ring weights and collar,

Weight Range Dart Head
Method Height Grams Dia., In,

A 26o0 30.0 - 300 1.500 t .005

B 60,0 310 - 1300 2.000 - .005
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Specimen thickness is measured by method D374 to O0001 inches,

Test should be accomplished at 23 t 1 Co and 50 ± 2% relative

humidity. Ten specimens should be tested with each of three dart

weights giving results between 0 and 1007 failures, Statistical

data analysis uses probability paper with a chart of dart weight

versus percent failures, Reported property is the weight of the

dart which causes 50% of the specimens to failo

In the military specification for polyethylene balloon film

MIL-P-4640A, Par, 4o5,6 defines the method for measuring the tough-

ness of a film, which is the energy absorbed by the film when it is

pierced with a free-falling ball Eight samples of creased material

(edge of lay-flat tubing) should be used in approximately 7 inch by

7 inch squares, The apparatus consists of a steel ball 2,30 t o01

lbso with diameter 2,50 + o01 inch, An electromagnetic holder is

used to hold and then release the ballo A drum head clamp with

4-inch inside diameter is located in the horizontal plane and

32 3/16 inch t 1/16 inch below the magnet face, The energy absorp-

tion of the film is measured by the change in velocity of the

falling ball after it has pierced the test specimen. Two photo-

electric cell systems are located below the drum head clamp. The

upper of these is 34 7/16 inch + 1/32 inch below the magnet face.

The other is at a. lower level in a position such Lhat a free-falling

ball should pass the second photocell. An, electronic timer

accurate to o0001 second is actuated by the two photocells,

With a test specimen in position, the ball is dropped and its

time to pass the photocells after piercing the film diaphragm must

be greater than o0331 seconds for polyethylene of thickness o0015

inches and the time must exceed o0335 seconds for a thickness of
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.0020 inch. Two failures out of eight samples are permitted in

this test.

This test method seems to be written around testing equipment

which was in existence at the time of specification preparation and

the apparatus is still of a specialized rather than standardized

nature. There is insufficient definition of the clamping mechanism

in this specification; and slight variations in clamping pressure

could have major effects on the results. Velocity of the falling

ball at the moment of impact with the test film is about 9100

inches per minute. The strain rate of the film is this number

multiplied by the cotangent of the angle of the film with the

horizontal direction, which is initially infinite and which

decreases in relation to the modulus characteristics of the film

being tested. A film of high modulus material would be subject to

much more severe stresses than would a film of low modulus material.

Hence, impact diaphragm methods by either the ASTM or MIL-P-4640A

should not be used for comparative testing of a large number of

prospective balloon materials,

Besides the dart impact test, CS 227-59 describes two addi-

tional procedures for measuring dynamic film characteristics. The

"softball" test uses a Standard MacGregor softball weighing 6 to

6 3/4 oz. dropped onto an 8" diaphragm of the test film. Drop

height may be 6 inches to 8 feet, and no ruptures out of five

trials should be obtained by qualified thickness of film for

specified drop height. The sandbag drop test is the other option

in CS 227-59; in this case a given size and weight of sand is

sealed in the polyethylene test film and specified drops are to be

accomplished without rupture.
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2o3.4 Abrasion Resistance

The fabrication processes and launch procedures take

great pains to avoid any abrasion or cutting of balloon film

material, However, during inflation and the early period of

flight, there may be abrasion of the balloon material upon itself.

There appears to be no standard test methods for such self

abrasion, The two ASTM methods for measuring resistance to surface

abrasion are designated D1044-56 and D1242-56o

In the former of these methods, "Resistance of Transparent

Plastics to Surface Abrasion," the Taber abraser is usedo This is

a standard testing machine using very special rubber abrading

wheels operating on a rotating test specimen. The "calibrase"

wheel designated CS-10F is used in this testo A 500 gram load is

used on the abraser and the specimen is rotated under the wheels for

50 cycles. Whereas many of the standard test methods for evaluating

the abrasion resistance of protective coatings and elastomers.

measure the weight loss of the specimen per thousand revolutions,

this particular test Method D1044, is related to transparent

materials and the change in specular optical transmission is

evaluatedo

Method D1242-56 is another turntable type of abraser to

measure "Resistance to Abrasion of Plastic Materialso" Method A

uses a loose abrasive dispensed from a hopper. Method B uses a

bonded abrasive on a cloth or paper, The former method uses No,

80-TP aluminum oxide grit which is dispensed onto a turntable and

rubbed against the specimen which is loaded with a dead weight 

The loss of material in volume per thousand cycles is reported,
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Method B of specification D1242-56 uses a sandpaper belt which

continuously runs past the test specimen at a rate of 20 inches per

minute in the opposite direction. Options are given for the use of

course grit (approximately 60) or fine grit (11/0-500) abrasive

paper. A 30-pound load on the carriage is standard for defining

the abrasive force normal to the surface of the test specimen.

The test machine and the abrasion paper must be calibrated using

zinc standards with well-known rates of abrasion. The test report

should state the loss in volume of the plastic specimen for a

stated number of cycles and a stated grade of abrasive tape.

Adaptation of either of these standard test methods to

evaluate self-abrasion of a balloon material would be somewhat

questionable. There is little need to worry about self-abrasion

of a pure plastic film. However, a film-scrim combination might

present sharp edges with the possibility of serious abrasion.

Whereas weight loss or volume loss is used as the measured variable

in the standard tests discussed above, a tearing behavior is more

to be expected due to abrasion contact between the two surfaces.

Rubbing might be followed by a measure of gas permeability in

addition to visual inspection for tears or pin holes.

Of the five standard tests for fabric abrasion specified in

ASTM D1175-61T, one is highly appropriate for plastic balloom films.

This specification, entitled "Operating Machines for Testing Abrasion

Resistance of Textile Fabrics," describes the following methods:

A. Inflated Diaphragm (Stoll-Quartermaster)

B. Flexing and Abrasion

Co Oscillatory Cylinder (Wyzenbeek)

D. Rotary Platform (Taber)

E. Uniform Abrasion
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In Method A, the specimen is a 4 1/2" circle of the test

fabric, retained as a diaphragm in a ring of 3.70 t 005" diameter.

Pneumatic pressure of 0 to 6 psi, lifts the diaphragm against an

abradant. The- diaphragm is moved translationally 125 t 5 one-inch

strokes per minute, while the abradant rotates one revolution per

50 to 100 strokes Electrical contacts normally stop the machine

when a hole is abraded through at the center,

The abradant can be emery paper or other specified surfaces.

The self abrasion of balloon films could be easily tested, using

rotating and reciprocating specitmens of the same material. An

abraded pin-hole in the diaphragm would be the point of failure in

the film, and a leak rate could be used to stop the machineo This

modification of the Stoll machine would be highly appropriate for

scrim-reinforced balloon films, where self abrasion would be much

more severe than in non-reinforced films.

Method B subjects a rectangular specimen to unidirectional,

reciprocal folding and rubbing over a bar of specified dimensions.

The fabric is squeezed over the bar between smooth plates with

defined dead load. The fabric is under tension, and one end is

moved with 115 +.t15 double one-inch strokes per minute The fold.

goes over a rectangular bar of 1/16 ± 1/64" thickness or over a

thin blade with .005 t O001" fold radius. The flex abrasion test

can be run 'til failure; or the specimen may be removed after so

many cycles and then given a tensile test by ASTM D1682,

In the Oscillatory Cylinder test, fabric strips are abraded

when pressed against a drum of NOo 0 emery papero The breaking

strength is measured after a specified number of abrasion cycles.
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The Rotary Platform test uses the Taber Abraser of ASTM D1044,

which has been discussed above.

The Schiefer test machine performs a uniform abrasion of the

fabric. The test specimen and the abradant are held in contact by

two rotary, parallel, non-coaxial components. Special metal

abradants are often used, or emery or fabrics may provide the

abrasive surface. The components are usually under 10-pound dead

load on a contact area of 1 1/4 " diameter. The abradant and test

specimen are both rotated at about 250 rpm, and the test may

continue to rupture at 1000-20,000 rotations,

Of all the standard abrasion tests, Method A of ASTM D1175-61T

is the most appropriate for measuring self abrasion characteristics

of balloon films; and this test can be modified easily to indicate

pin-hole permeability prior to complete rupture.

2.3.5 Folding Endurance or Flex Life

The unfolding of balloons as they pass through the cold

tropopause requires a degree of cold flexibility to avoid rupture,

Unfolding, by itself, does not imply any durability to repeated

flexing. However, the considerable wind buffeting of loose folds

of the balloon, during launch and continuing until full inflation,

does require that the balloon material possess a flex durability

of presently undefined nature.

The best standard test for evaluating uniaxial fold endurance

is ASTM D643-43, "Folding Endurance of Paper." Two very different

methods are presented in this test and there is no constant rela-

tion between the two methods. Both are normally run at laboratory

temperature, but they could be performed cold to learn cold-flex
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durability°. The Schcpper Folding Endurance test is for paper up

to 0o010" thick; the MIT Folding Endurance test is for paper of

any thickness, Either test could be adapted easily for evaluating

plastics or fabricso

The Schopper test uses a specimen 15 mnm x 10 cmo under spring

tension at the two endso The specimen passes between four parallel

rollers in defined positions . The specimen is flexed by recipro-

cating motion of a slotted blade that folds the paper within t.e

rollers at plus and minus 90 with ec.cn cycle. The drive causes

120 double, folds per minute in the test -macerial, and the rest.ain-

ing force. varies from 790 to 1000 grams at the zero and distended

portions of the cycleo The basic components of this tester are

illustrated in Figure 70 The Schopper tester automatically stops

and records the number of double folds upon failure of the specimen.

The MIT test uses a ca.m-operated. reciprocating motion that

folds the material over the 0,38 mmo radius with 175 double 1.350

folds per minute. The spring tension on the specimen may be

adjusted from zero to 1.5 kg,, but 1,0 kgo is the most common

value This test is illustrated in Figure 8.

One standard low temperature flex test for rubber provides

a bare suggestion of the properties required for balloon films.

ASTM D2136-62T states the "Low Temperature Bend Test for Fabrics

Coated with. Rubber and Rubber-like Materialso" This test calls

only for a single 180' bend over a mandrel. of 1/8" diameter at

wha:tever cold temperature may be specifiedo The specimen is then

examined for c.racks after bending, A measure of percent elongation

(ASTM .D412) at the low temperature is probably better than this

bend t:est for balloon films o
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A biaxial flex test involving simultaneous rotation and

compression of a cylindrical film is appropriate for balloon films

at low temperatures. The "gelbo" test, of this nature, is

non-standard and is discussed in a subsequent report 

3. PHYSICAL PROPERTIES

3.1 Gas Permeability

The basic requirement for a balloon film is that it must be a

gas barrier. The gas transmission rate of plastic film is defined

as the steady-state volume of gas (standard temperature and

pressure) which passes through a known area of the material per

unit of time per pressure driving force. Gas transmission is the

"product of the diffusion rate and the gas solubility in the test

specimen." This is not an intrinsic property of the material in

that transmission rate is not inversely proportional to sample

thickness, as is usually assumed in Fick's law for diffusion.

The specification for balloon film, MIL-P-4640A, has no

requirement for testing the gas permeability, and it is possible

for a permeable film to meet this specification within the require-

ments of the statement that, "The film shall be clear and shall be

free from excessive irregularities such as blemishes, striations,

gel particles, pin-holes, flow lines, fullness, and blocking."

The standard method for measuring "Gas Transmission Rate of

Plastic Sheeting" is ASTM D1434-58, This method uses a volume

calibrated manometer cell of .50 to 1.5 cco capacity for measuring

the volume of gas transmission, A U-tube or absolute manometer of

0.5 to 3.0 atmo range is used for measuring differential pressure.
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Specimen area is defined for a. given test apparatus, and thickness

is measured to 000l inch accuracy. This method is appropriate

for any test gas, since a vacuum pump good to 0o mm, Hg absolute

pressure is used to clear the systemo Standard test temperature

is 23 + 1 Co unless otherwise stated, Data are usually reported

in terms of standard cco of gas permeation per hour per square

meter per atmosphere pressure differential.

Textiles are usually tested for permeability to air by Method

5450 or 5452 or CCC-T-191b, but the rates of gas transmission are

much too large to be appropriate test methods for balloon barrier

materials o

3 2 Density

The density or specific gravity of balloon materials is of

importance because of the great concern for vehicle weight, whereas

the mechanical characteristics of the materials are measured in

volume or area termso Two standard test methods are reported by

ASTM for measurement of densityo

The more precise test method is D1505-60T, "Density of

Plastics by the Density-Gradient Technique," This method is

accurate to .05 percent and is used at a temperature of 23 t 10 Co

A density-gradient tube is established by the careful mixing of

two miscible liquids whose densities are in the range of interest.

Gravimetric equilibrium establishes a density gradient in the

vertical tube at constant temperature, Glass floats, approximately

5 mm. diameter and with known density, are used to calibrate the

tube for a curve of density versus vertical positiono The test

sample is carefully introduced into the density-gradient tube and
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the position of the center of the specimen is identified. Reference

to the calibration curve then provides a measure of the sample's

density. If the test material does not stabilize its position, it

is probably being affected by the liquids of the cylinder, and a

different density-gradient setup should be usedo

Although highly precise, this is a very tedious apparatus,

and it is most useful for measuring densities within a very narrow

range--comparison of different types of polyethylene for example.

To be accurate over the density range of candidate balloon films'

several density gradient systems would be required°

The more standard liquid displacement technique for measuring

"Specific Gravity and Density of Plastics" is described in ASTM

D792-60T. This method may be used for plastics in the molded or

finished condition, or for raw molding resin. It is accurate to

.1 percent. An analytical balance accurate to o0001 gram is used

for measuring the buoyancy effect of the sample in a liquid of

known volume. An alternate procedure is to use a calibrated

pycnometer (small flask with precisely known volume) and to

measure the sample volume by addition of liquid. Water or other

liquids may be used as long as they are chemically and physically

inert to the material being tested. Standard temperature is

23 + 20 Co for water immersion or 23 t+ 50 C. for organic liquids.

3.3 Melt Index

The melt index of a thermoplastic is a measurement of its flow

characteristic related to molding or extrusion processes. The

polyethylene balloon film specification, MIL-P-4640A, requires a

polymer with melt index less than lol grams when tested by ASTM
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D1238-52To A high melt index describes a material that is easy to

mold or extrude--it h.as a high flow rate when molten, Polyethy-

lenes with high melt index have relatively low strength and high

brittleness temperatures o

The 1957 revision of ASTM D1238, provides for "Measuring Flow

Rates of Thermoplastics by Extrusion P]a.stometer," and defines the

melt index of polyethylene as the grams of resin flowing out of

the standard plastometer in ten minutes when the resin, is heated

to 1900 Co under a dead load of 21.60 grams (approx. 43 psi.

pressure) The plastometer uses a dead-weighted piston operating

in a heated cylinder with controlled temperature. The resin is

extruded through an orifif e of .0825 t .0002 inch diameter and

o315 + .001 inch length. There are eleven different temperature

and pressure test variables specified for testing different kinds

of plastics. Procedure E is used. with the above-mentioned load

and temperature for the melt index of polyethylene.

3°4 Brittleness Temperature

The behavior of balloon films at low temperatures is of major

concern, since atmospheric cooling and adiabatic expansion may

lead to surface temperatures s si lcw as -85° C, Most organic

materials become stronger at lower temperatures but they also

become less ductileo Their limited elongation may not permit

redistribution of concentrated static or dynamic stresses arising

from wind loads or unfolding phenomena.

The cold brittleness temperature test of MIL-P-4640A for

polyethylene balloon film is one of four standard tests to evaluate

characteristics at low temperatureso This specification requires a
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cold chamber at -72° C. (-97.6 ° F.) or colder and an inclined plane

ball tester. A 60° sliding board with 36-inch elevation curves

into a horizontal position facing a 5-inch diameter vertical drum-

head. A steel ball, 2 + .1 inch diameter and 1 ± .1 lb. weight, is

rolled down the inclined plane and impacts on the plastic film

across the drumhead clamp.

The plastic film may experience no rupture, or it may fail by

one of two methods: ductile fracture--a single or Y-branched tear;

or brittle shatter--multiple tears emanating from a single point.

Of four samples tested to this specification, not more than one

brittle tear may be experienced for qualified material.

Two ASTM test methods evaluate brittleness temperature by

impact, and one tests by gradual flexing of specimens.

Method D1790-60T is designed particularly for plastic films

less than .010 inch thick. It defines the brittleness temperature

as that temperature statistically calculated where 50 percent of

the specimens would probably fail 95 percent of the time under the

conditions of test. The film of dimension 2 t 1/64" x 5 3/4 + 1/64"

is.folded into a loop and stapled onto a cardboard as shown in

Figure 9. An arm weighing 6 lb. 13 + 1 oz. is dropped onto the

loop at the test temperature. Any crack or fracture of the film is

considered to be a brittle failureo

Because the film is folded in a particular direction, the

brittleness temperature as learned by this test may be anisotropic.

Tests may be made with samples taken from each direction of an

extruded or oriented film,

Ten specimens are tested at several temperatures in the range

of concern, and the data are plotted as percent failures versus
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temperature on probability paper. Interpolation of the best straight

line provides a temperature associated with 50 percent failures.

This is the reported brittleness temperature.

Correlation of a test-defined brittleness temperature with

field performance of a given material is a matter of engineering

judgment rather than quantitative design. The statistical signifi-

cance of brittleness temperature within the above definition is

important in that this test certainly does not identify the 100

percent safe temperature for avoiding brittle failure. However,

the test is useful for comparison of several film materials for

their relative brittleness temperatures.

The second ASTM Method for "Brittleness Temperature of Plastics

and Elastomers by Impact" is D746-57T. This test is similar to the

conventional Izod impact test used for metals and uses a cantilever

specimen .25 t .02 x .075 t ,010 by 1.5 inches long. The striking

pendulum swings at 6.0 to 7.0 ft/sec and strikes the specimen

.310 + 0010 inches from the cantilever support, A fracture or

visible crack indicated brittle failure of the test specimen.

Again, probability paper is used with a plot of percent

failures versus test temperature and the intersection at 50 percent

failure is the indicated brittle temperature.

This test method is not appropriate for films, but data are

frequently reported for a variety of plastics with this test

method as reference. The brittleness temperature as learned by

Method D746-57T for molded samples is not necessarily the same as

the brittleness temperature for films as tested by D1790-60T. -

The third ASTM test is less precise than the above and is

appropriate only for molded elastomers, Method D736-54T measures
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the "Brittleness, Low Temperature, of Rubber and Rubber-Like

Materialso" The test specimen is a dumbbell shape, die C of test

D412 (Figure 1) with a thickness of .080 t .010 inch. The speci-

mens are bent into a U-shape and are placed on parallel plates

2 1/2 inches apart in the cold chamber for 5 hours. Then the

plates are moved together to a 1-inch spacing, causing a tighter

flexing of the test specimens. They are then examined for visible

cracks or fracture. The brittleness temperature defined by this

test refers to the lowest temperature at which none of the speci-

mens fail.

3o5 Optical Characteristics

The optical characteristics of balloon films are of interest

in relation to their behavior in the radiant heat transfer environ-

ment. Absorptivity of incident solar radiation is of concern for

daytime heating; absorptivity and emissivity of infrared radiation

are of concern for daytime cooling and nighttime thermal equili-

bration. Solar radiation corresponds to a black-body radiation of

about 6,0000 K (principally in the range of 3,000 to 30,000 A ° or

300 to 3,000 millimicrons). The infrared radiation occurs prin-

cipally at wave-lengths longer than 60,000 A° or 6,000 millimicrons.

The standard test methods for optical properties of plastics are

related to visual transparency or translucency and thus are

restricted to the range of 4,000 to 7,000 A or 400 to 700 milli-

microns. The methods and emphasis of the ASTM tests provide useful

background for adaptation to alternate wavelength ranges of light

transmission.
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Method D791-61 Tis the appropriate background for "Test for

Luminous Reflec'ta>nce, Ttansmittance and Color of Materialso" This

is for nonfluorescent, optically uniform films and it provides

special treatment if polarization is experiencedo This is a

research method which gives transmittance values precise to .005

or to + 0 05 percent. A Hardy spectrophotometer with integrating

sphe-re is used in this 'test, which covers the wavelength range of

400 to 700 mu0 Optical transmittance is not always an intrinsic

property (inversely proportional -t o film thickness) so the specimen

thickness, transmittance, light source and apparatus variables must

be reportedo

ASTM Method D1746 provides for "Transparency of Plastic

Sheeting"' and inclutdes specui ar transmittance along with total

transmittance. Specnular transmittance is the quality needed for

lenses and read-thtrough capability, but is of no concern for the

balloon applicati0on 'Definitions of these optical terms are

pres`ented in -Par'. -5 o 2 '

3.6 Blocking

Blocking -is defined as-an adhesion between touching layers of

plastic- filmo it -is the' effect experienced during unfolding of

Saran-Wrap in that the material appears to be self-sticking due

principally to' static electricity forces, It may also be related

to the sticking of adjacent films in a warm environment.

ASTM D1893-61T defines and measures the "Blocking of Plastic

Filmo"l The blocking force is the average force per unit width of

blocked surface which is required to separate progressively two

layers of plastic film by a rod .250 inch diameter moving
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perpendicular to its axis at the uniform rate of 5 inches per

minute. It may be reported as grams per centimeter or pounds per

foot widtho This test simulates to some extent the resistance to

unfolding of balloon films.

The machine for this test is preferably of the load-cell type

with a cross-head rate of 5 inches per minute. A continuous

recorder at 2 inches/minute should record the blocking force. A

special frame holds the sample which measures 8410 inches wide by

10-12 inches longo Specimens are to be conditioned and tested at

73.4 + 1o80 F and 50 + 2 percent relative humidity. The rectan-

gular films are placed in clean, intimate contact and separated

partially at one end by a 1/4 inch aluminum rod. They are gripped

along the separated edge and then the force is measured as the rod

separates the films at the rate of 5 inch/minute. Since the

blocking force is affected significantly by static charges, control

of humidity is particularly important for this test. The test

report must include identification of specimens, conditioning and

test environments, film thickness and individual and average

blocking forces.

Par. 4.6.6 of MIL-B-131C provides an alternate measure of

blocking for heavier films. It might simulate the effects of

high temperature on balloons packed in their containers prior to

inflation. In this test, four specimens 5" x 10" are folded into

open pouches by sealing on three sides. The four pouches are

stacked between alternate resilient pads of dimensions 2" x 2" x 1/8"

and the stack is loaded with a weight of 12,25 pounds distributed

directly over the resilient pads. The assembly is placed in an

oven at 160 t 20 F. for 24 hours and is then inspected for
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adhesion of adjacent films, If two films are stuck together, a

dead-weight peel load of 200 grams is used to pull them apart. If

complete separation is not accomplished within 2 minutes, the

material is considered to be blockedo

These two definitions of blocking are very different and

provide opportunity for confusion. A polyethylene of low melt

viscosity might have an appreciable blocking force, but it should

be non-blocking in terms of the MIL-B-131C definition. A slightly

thermoplastic adhesive in a film-scrim combination could have

negligible blocking force by ASTM D1893, but it might block badly

by the MIL procedure 

3.7 Friction

Whereas the blocking force is related to the self-attraction

forces of a film the friction coefficient is related to surface

interaction in a defined force environment. The static and kinetic

coefficients of friction are defined in ASTM D1894-61T, "Coeffi-

cients of Friction of Plastic Film" and a trade term, slip, is

defined as the antithesis of friction. The static friction

coefficient may include: effects of blocking forces.

Friction.coefficient may be measured for similar or dissimilar

materials using a weighted sled and a flat plane. The sled is

2.5 inches square and 1/4 inch thick, wrapped with 1/8 inch thick

medium-density foam rubber. Its total weight is 200 t 5 grams. A

4.5 inch square test film is taped to the sled and a 5" x 10" film

is taped to the horizontal plane, The sled and plane are moved in

relation tQ .one another at a, drive rate of 0.5 + 01 ft,/minute and

forces are measured in the direction parallel to the interface
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plane, A force recorder is desirable, but even a spring gage of

500 gram capacity can be used. The maximum starting force and the

average continuing force should be noted. These data are used, for

calculating, respectively, the static and kinetic friction

coefficients. The test report must include sample details, direc-

tion and surfaces of contact, number of specimens (usually five),

test procedure, apparatus, individual and average static and

kinetic friction coefficients and their standard deviations.

3.8 Ozone and Ultra-violet Durability

There are several standard tests for evaluating effects of

natural or accelerated weathering environments on elastomers and

plastics. There is no correlation between any of the environments,

and there is no real basis for defining "natural weather."

Elastomers are highly susceptible to ozone degradation if

they contain any unsaturated linkages--as in natural rubber,

styrene-butadiene, neoprene, Buna-N and some other synthetics. In

general, plastics are less sensitive to deterioration in ozone

environments.

On the other hand, ultra-violet light can cause rapid chain

scission or cross-linking of plastics or elastomers if they are

formulated without the protection provided by opaque pigments.

Frequently, ultra-violet absorbers (such as American Cyanamid's

Uvinol series) can be incorporated in relatively transparent

plastics. (Ultra-violet absorbers increase the solar heating,

whether they are transparent or opaque to visible radiation.)

ASTM D518-60 describes "Resistance to Surface Cracking of

Stretched Rubber Compounds," providing a basis of test specimen
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for either outdoor weather exposure or for ozone chamber testing.

by D1149-60T, "Accelerated Ozone Cracking of Vulcanized Rubber,"

Three types of specimens are used in these tests:

A, I" x 6" x 075 to .100" with 20% tensile elongation,

B, l" x 3.75" x .075 to .100" with 180 ° loop causing
elongations from 0 to 24%7.

C, die-cut tapered specimens approxo 1" x 5" with
tensile elongation averaging 10, 15 or 20%.

For outdoor exposure, the specimens are oriented at 450 to

the horizontal facing south, Daily inspection is recommended so

that the first signs of checking or ozone cracking may be identi-

fied,

The accelerated ozone test requires a cabinet at least 4 cu.

ft. volume. Ozone concentration is usually 0,5 ppm and the air ozone

atmosphere must be replenished at the rate of at least 75 percent

cabinet volume per minute. Internal circulation velocity must be

at least 2 fto/sec., and the ambient temperature is usually 500 C.

A mercury vapor lamp (e g. Hanovia Safe-T-Aire 2851) is used for

ozone synthesis, and the apparatus must be provided with means for

ozone analysis,

Accelerated ozone, test specimens are the same as those used

in D518, and inspection with a 7X magnifier is to be made at

frequent intervals to learn the time required for the onset of

ozone cracking.

The ozone exposure test of D1149 can be used as a standard

environment for defined time for exposure of plastic specimens

which might be tested subsequently for tensile strength, elonga-

tion, etc.o
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The standard tests for plastics usually involve natural or

artificial ultra-violet light with intermittent rainfall or water

spray.

"Outdoor Weathering of Plastics" is covered in ASTM D1435-58,

The specification covers general provisions for locations that

might be classified as temperate, arctic, desert, tropical, salt

air or industrial. The exposure racks must face south with panels

at 450 angle to the horizontal. Specimens must be well supported,

but yet free to expand and contract without imposing stress (in

distinction to the stretched rubber tests). The exposure climate

must be well recorded, including average daily temperature,

relative humidity and rainfall. The total daily radiation at the

450 angle should be reported in langleys; this measure is obtained

by a Pyrheliometer as developed by I. F. Hand of the U. S. Depart-

ment of Commerce.

Four ASTM documents relate to the accelerated weathering of

plastics:

D1501-57T, "Resistance of Plastics to Artificial Weathering
using Fluorescent Sunlamp and Fog Chamber."

D795-57T, "Accelerated Weathering of Plastics Using S-1
Bulb and Fog Chamber,"

E42-57, "Operating Light- and Water-Exposure Apparatus
(Carbon-Arc Type) for Artificial Weathering Test,"

D1499-59T, "Operating Light- and Water-Exposure Apparatus
(Carbon-Arc Type) for Exposure of Plastics."

In general, these test methods provide no correlation with outdoor

weather expectations and don't even compare among different types

of "weatherometer" machines unless proven with the same material.

The most extravagant claim to realism is the following from D795:

"Some correlation has been observed between the changes in certain
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physical properties of certain plastics resulting from exposure

to the conditions of this recommended practice and those resulting

from a much longer exposure out-of-doors in Washington, D.C., but

no general assumptions as to the existence or the extent of such a

correlation should be made," A principal reason for the lack of

natural weather correlation is the fact that outdoor conditions

are not standard.

The above specifications describe different light sources,

filters, intensities, and geometry for radiation of the plastic

specimens. Each requires an intermittent water spray or placement

within a fog chamber to simulate the rainfall effects, Tempera-

ture is usually controlled at 55-60 or 63 + 5° Co depending upon

the test method, A turntable or rotary drum arrangement is used

to provide equivalent environments to a number of specimens.

Samples are inspected for change of color, chalking, checking,

crazing or warping; and physical property changes may be evaluated

by standard test methods.

3.9 Thermal Expansion

Plastic balloons are normally manufactured at human comfort

temperature, but during launch and flight they may experience a

temperature increase of about 500 F, and then a decrease from

fabrication temperature of about 1800 Fo Where the natural shape

is to be maintained at the low temperature, a minimum thermal

contraction would be desired, or dimensional compensations would

be required during manufacture. For example, polyethylene is

known to contract between 1 and 1,5 percent in the thermal excur-

sion between 20 and -80° C.
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Where dissimilar materials are used in balloon fabrication--as

tapes or scrim--there may be concern for differences in thermal

expansion coefficients between the two materials. Oriented plastic

films will normally have anisotropic expansion coefficients and

these differences may be significant.

The most accurate tests for measuring the coefficient of linear

thermal expansion are intended for materials of molded dimensions.

Non-oriented polyethylene, polypropylene and other thermoplastics

are most appropriately tested by ASTM D696-44 (L-P-406b, method

2031), "Coefficient of Linear Thermal Expansion of Plastics,"

This method uses the familiar quartz tube dilatometer on a molded

or cut specimen approximately .25 inch diameter by 2 inches length.

The quartz rod and tube communicate to a sensitive dial micrometer

to measure length change to a precision of 2 percent. The temper-

ature increment over which expansion or contraction is measured

should be precise to t 0,20 C.

A less sensitive method is more appropriate for measuring

expansion and contraction of plastic films, particularly if they

have an unbalanced orientation. Method 2032 of L-P-406b describes

"Thermal Expansion Test (Strip Method)" which uses film strips

I" x 6" with any thickness. Length of the strip is to be measured

at -67, -40, -13, 32, 77 and 1220 F. (and any other temperatures

of interest) by any precise techniques such as a vernier caliper.

Accuracy of this method is considered to be + 10 percent,

The test for "Coefficient of Cubical Thermal Expansion of

Plastics," ASTM D864-52, is not of direct value for balloon films

The test is tedious in its use of mercury displacement and the many

corrections for measuring the volume change of the sample,
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4. TEST CONDITIONS AND PROCEDURES

4.1 Conditioning. Environments

The significance of temperature is well known for organic

materials whose properties are highly temperature-dependent. The

effects of humidity variation on some plastics have been discussed

above briefly,

ASTM E171-60T is the general specification for "Standard

Atmospheres for Conditioning and Testing Materials" and D618-61

refers particularly to "Conditioning of Plastics and Electrical

Insulating Materials for Testings" The former specification defined

room temperature as 20 to 300 C. (68 to 860 F.) and states "standard"

temperatures with permissible variations for different materials.

Method D618 suggests six standard conditions for preparing

specimens prior to testing and defines a useful convention for

presenting these conditions in short-hand manner. This abbreviation

is:

Hours of conditioning/Temperature, C./Relative humidity:

T-test temperature, °C./Relative humidity during test,

The suggested conditioning of plastics with thickness less than

.25" thickness is 40/23/50: T-23/50.

Because different conditions are stated in different specifi-

cations, a review of these variables is presented below in tabular

form:

Relat ive
Temperature Humidity

Material Speci f ication Fo F Percent

Polyethylene MILP -4640A 68 to 86 ambient
Plastics D618-61 73.4 + 1.8 50 ± 2
Textiles D123-60 70,0 ± 2.0 65 ± 2
Elastomers D412 73o4 + 1.8 50 ± 5
Adhesives D903-49 73°4 ± 2.0 50 + 2
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The temperature latitude permitted by MIL-P-4640A for conditioning

and testing is probably too broad for polyethylene; the lack of

humidity control for tensile strength of this plastic is of less

concern, but humidity should be controlled if any blocking tests

were to be made by method D1893.

Proper humidity can be maintained in accordance with ASTM

Method E104-51, "Maintaining Constant Relative Humidity by Means of

Aqueous Solutions," Three procedures are presented: A, aqueous

glycerine solution of defined concentration; B, aqueous sulfuric

acid solution of defined concentration; and C, saturated aqueous

salt solution. The latter procedure is frequently most convenient

and it is easiest to control. For routine work to 50 t 5 percent

at 23° C., a saturated solution of calcium nitrate is most approp-

riate. At 20° C., saturated sodium dichromate solution provides a

relative humidity of 52 percent. For conditioning of textiles,

sodium nitrite solution controls the humidity at 66 percent at

200 C.

The time requirement for thermal and humidity conditioning of

specimens prior to testing is usually defined in terms of equilibra-

tion;) to a constant weight. Very hygroscopic films and textiles

such as nylon would require a test laboratory with properly control-

led humidity as well as temperature in order to accomplish weighing

without introducing a change in the material.

4.2 Test Environments

Most materials require testing environments identical to the

conditioning environments for standard conditions. For non-standard

test conditions,.ASTM Specification E197-61T is pertinent in
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requirements for "Enclosures and Servicing Units for Tests Above

and Below Room Temperatures," Two types of enclosures are

provided: Type I uses air as the heat exchange medium, and Type

II uses air plus carbon dioxide. Grade A requires conformance to

tighter controls than Grade B test enclosure, as indicated below

for low temperature tests:

Temp. Temp. Inlet-Outlet Time Temp.
Grade Fluctuation Differential Difference Constant Drift

A 20 C. 1 C. 10 Co 200 sec. 0.20 C.
B 4 3 5 275 1o0

This specification controls the temperature uniformity at any time

throughout the chamber, short-time fluctuations and long-time

drift of temperature, the speed with which specimens are brought

to test temperature and the rate of ice or fog formation of

observation ports of the test chamber,

The temperature fluctuation is measured by 24 gage thermo-

couples with a potentiometer for at least 15 minutes at points

within 2 inches of the specimen and at the air exit from the

chamber, The temperature differential is similarly measured and

is an indication of instantaneous temperatures within 2 inches of

the specimen and at the center of each 6-inch or 12-inch cube

within the chamber. The inlet outlet temperature difference is

measured with a differential thermocouple in each gas stream

operating a potentiometer,

The time constant measures the difference in temperature

between a dummy specimen and the temperature of the chamber. The

time constant is calculated from the time for cool-down to a

temperature difference ten percent of the initial temperature
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difference. Temperature drift is to be read over a period of 24

hours after a 2-hour equilibration of the test chamber.

This specification requires a clear observation window in the

test chamber that is devoid of fog or ice for a period of 4 hours

of continuous operation.

Requirements similar to the above are provided for test

chambers operating above ambient temperature in the same ASTM

specification. Temperature control is tighter in the two ranges

of 0 to 400 C. and 40 to 130° Co There is no humidity control

stated in this specification.

4.3 Sample Preparation

All test specimens require cutting from the bulk material,

Where rectangular specimens are required as for tensile testing by

D882, the cut edges must be parallel and free from nicks or tears,

Permissible cutting methods include razor blade, X-acto knife,

paper cutter, or the "NAEF" sample cutter with double blades, The

Graves tear test specimen and rubber dumbbells are normally cut by

a specially shaped and sharpened "cookie-cutter" die, and with a

mallet, arbor press or clicker press energy source.

Thickness of the test specimen is measured by a variety of

tools, depending upon the particular specification being followed.

ASTM D374-57T, "Methods of Test for Thickness of Solid Electrical

Insulation," states three procedures: A, a machinist's micrometer

with calibrated ratchet force; B, a machinist's micrometer with no

ratchet, the "feel" method; and C, a dead-weight dial micrometer,

A and C are preferred as standards in this method which is refer-

enced in D882 and D1530 for tensile strength and modulus of plastic
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films. The following table describes dial micrometers for other

test methods for comparison:

Foot Dead Wt,
Test Diameter on Pressure Precision

Material Method Inch ft. oz, psi. Inch

Polyethylene MIL-P-4640A .125 + .0156 2 8.06-13.29 .00005
CS 222-59 3/16 4 9°05 .0001

Films D374-C .250 + .001 19.6 + 1.5 23-27 .0001
Elastomers D412 .25 t 01 30 0,1 3.4 - 4,3 o001
Textiles D76 .375 + .001 6.0 + 0.1 3,4 .0001

The methods for simple measurement of a small distance appear to be

influenced by gross differences of opinions.

4 4 Testing Machines

Reference was made above to the three basic types of tensile

testing machines used for low force ranges:

CRT--constant rate of traverse of the driven cross-head,
variable rate of motion of the pendulum weighing
system. 

CRL--constant rate of application of load by adjustment
of the inclined plane on which the loading member
is located; force is measured as a function of angle
of the inclined plane.

CRE--constant rate of extension as a result of the
weighing system (usually of a load-cell type),

The CRT type of testing machine is one of the older mechanisms,

highly respected for its versatility and its accuracy. It is a good

machine for testing ultimate strength and elongation where the move-

ment of the weighing system is small in relation to total extension

of the test specimeno However, the pendulum motion is usually much

greater than the requirements for modulus tests, and even elongation

corrections for pendulum travel would be open to question. Addi-

tionally, there may be errors with high modulus materials where the

damping capacity of a heavy pendulum may cause an inertia error if
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operated with a high traverse speed. This error would be greatest

at the low end of the force range where modulus is measured.

The CRL type of testing machine is in minor usage at the present

time, even for polyethylene balloon films despite its requirement

for testing to MIL-P-4640Ao This is not a versatile nor highly

accurate type of testing machine.

Advancement of load cell technology and electronic instrumen-

tation has provided a number of highly versatile and accurate CRE

testing machines. Electronic multiplication for greater sensitivity

is certainly more convenient than changes of pendulum weights, and

the load cell systems are essentially free from inertia effects.

This type of testing machine should be used for accurate modulus

tests of balloon materials. Any future revision of MIL-P-4640A

should specify use of the CRE type of testing machine in preference

to the CRL.

Calibration of tensile test equipment is usually done by ASTM

E4-61T, "Verification of Testing Machines " Four procedures are

provided in this specification, using either standard dead weights

(with or without lever systems) or elastic calibration devices

commonly known as proving rings. Back-up control is accomplished

by ASTM E74-57, "Verification of Calibration Devices for Verifying

Testing Machines,"

Testing machines in constant use should be calibrated at

least every 12 months; those in intermittent use should be cali-

brated every 2-3 years. Calibration is accomplished by adding

increasing loads. At least five test loads should be used through-

out the calibration ranges, with approximately equal steps. The

percentage of error within the loading range must not exceed + 1

percent, and no calibration correction curves are permitted.
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4 5 Grips and Clamps

Uniform application of loads across each specimen is of

primary importance in all material testing. Thus, the nature of

grips or clamps in static and dynamic tests must be considered.

Mechanical clamps are most often used for films, elastomers

and textiles. They may be of the self-tightening variety

(eccentric cam or wedge systems) or of a mechanical pre-load

type. Screw mechanisms have been most common for the latter, but

pneumatic clamps are becoming increasingly popular for uniformity

of clamping pressure during each test and throughout successive

tests,

Grip systems must not cause peculiar stress concentrations or

initiate tears of the specimens. Obviously, the strongest speci-

mens require the strongest grips. Extremely thin films are

usually difficult to grip, and they are often wrapped with a

pressure-sensitive tape to provide both grab and cushion within

the grips. The tape is usually applied to the test specimen in

specific locations so that it serves the dual purpose of identi-

fying gage length of the film, Grip slippage is undesirable in

that it introduces an error into modulus or elongation measurements,

and it is easily detected by the transfer of adhesive onto the film

when the taping technique is used,

5o NOMENCLATURE AND DEFINITIONS

5.1 Material Properties

Anisotropy--Variation of material properties (mechanical and/or
physical) in regard to different directions.
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Blocking--Adhesion between touching layers of plastic film (perhaps
this should be called static blocking when it occurs at
room temperature). Adhesion of adjacent layers of plastic
film after conditioning at warm temperatures (perhaps
better qualified as "thermal blocking").

Blocking Force--The force per unit width required to separate
blocked films by ASTM D1893.

Breaking Factor--The tensile strength per unit width of films or
composites of specified uniform weight per unit area,
(The material may be of non-uniform thickness such as a
film-scrim composite,)

Brittle Temperature--The temperature at which a material appears to
transform from ductile to brittle behavior. The charac-
teristic of failure without significant elongation is
usually used as criterion for brittleness The brittle
temperature may be based on the statistics for 50 percent
of the fractures above and below this temperature.

Creep-- A gradual elongation of material when under a constant load
at a constant temperature,

Density--The weight per unit volume of a material.

Elastic Limit--The maximum stress which a material can endure without
causing permanent deformation upon complete removal of the
load. This is often different from the proportional limit
of stress-strain behavior.

Elongation--The maximum increase in length accomplished by tensile
strength test, divided by the initial length of the
stretched section (gage length).

Friction Coefficient--The ratio of the parallel force to the normal
force required to move two surfaces in plane contact,
Static friction coefficient is the ratio for initiation
of motion; the kinetic friction coefficient is this ratio
as required to maintain motion,

Gage Length--A reference distance on a test specimen of uniform
cross-section area. In tensile tests of rectangular plastic
films this may be the distance between the grips of
another specified section within the grip distance.
In elastomer specimens, the gagelength is usually one
inch and is marked on the center uniform portion of
the dumbbello

Modulus of Elasticity--The ratio of stress to strain. The Young's
modulus is this ratio throughout the linear portion of a
stress-strain curve. The "initial modulus" is a relation
of stress to strain near zero stress; the "secant modulus"
is the stress-strain ratio at a point on the stress-strain
curve defined by a stated stress or a stated strain, See
Figure 10.
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Permeability--The volume rate of gas transfer through a material
per area per pressure differential,

Poisson's Ratio--The negative ratio of transverse strain to axial
strain within the elastic limit of the material.

Proportional Limit--The stress at the limit of proportionality
between stress and strain.

Shear Strength-The maximum force per unit area for a material
loaded in pure shear The forces must be pure couples,
and the restraining area of the material is parallel to
the direction of the couple.

Standard Deviation--A statistical term related to the uniformity of
the data collected from a set of specimens. For a sample
of significant size, the standard deviation may be a
measure of property variation or test method variation,
The average or mean deviation includes 96°34 percent of
a normal population. S for a sample, -T for a population.

Strain--The change in length divided by the initial length.
Tensile strain is based upon both lengths in the same
direction. In shear strain, the change of length is at
right angles to the initial gage length.

Strain Rate--The time rate of increase of straino In a CRE test
machine this is the rate of cross-head travel divided by
the original distance between the grips or the gage
length of a reduced cross-section,

Stress--The mechanical force per unit area imposed upon a solid
material,

Tear Failure--A tensile failure characterized by fracture at one
edge of the specimen and progressing across the specimen
at a rate slow enough to produce an anomalous load-
deformation curve 

Tear Strength--The force per unit thickness required to initiate
or to propagate a tear across the material.

Tensile Strength--The maximum force per unit area prior to fracture
of a material. The restraining area is at right angles
and is concentric with the axis of the applied force.

Transmittance--The ratio of transmitted light intensity to the
incident light intensity for a material. This property
is usually dependent upon the wavelength of the incident
light.

Yield Strength--The tensile stress which is considered to cause a
material to yield or to deform an undesirable degree.
The yield strength is usually defined in terms of a point
on the stress-strain curve and may serve as a basis for
design allowables,
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5.2 Units and Test Methods

MECHANICAL PROPERTIES

Property Units Material Test Method

Ultimate psi films ASTM D882-61T
tensile ASTM D1923-61T
strength rubber ASTM D412-61T

FTMS 601, Method 4111
fabrics ASTM 1682-59T

Fed, Spec, CCC-T-191b,
Methods 5100, 5102

Ultimate
elongation In,/In,% (see above)

Modulus of psi general ASTM Elll-61
elasticity, or films ASTM D882-61T
general stress- ASTM D1530 (discont,
strain relation- 1962)
ships rubber ASTM D412-61T

FTMS #601, Method 4131

Shear Modulus psi plastics, ASTM E143-61
general

Seal strength; lbso/inch adhesives ASTM D903
peel width polyethylene CS 227-59, Par. 7.12

films MIL-B-131C, Par, 4,1.1

Seal strength; psi adhesives ASTM D1002-53
lap-shear FTMS #175, Methods

1033 and 1033.l.T
ASTM D1683-59T

Shear strength psi plastics, ASTM D732-46
general ASTM D945-59

Poisson's dimension- general ASTM E132
ratio less

Tear strength; lbso/in. films, ASTM D1004-61
initiation thickness or rubber ASTM D624-54

gms./mil.
thick

Tear strength; (same as plastics ASTM D1938-62T
propagation above) film, fabric ASTM D39-61

Fedo Speco CCC-T-191b,
Method 5134

Fed, Spec, CCC-T-191b,
Method 5136
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Burst strength psi, hydraulic fabrics Fed. Spec. CCC-T-19lb,
pressure Method 5122

paper ASTM D774-46

Tensile creep % elongation plastics ASTM D674-56
per day rubber ASTM D412-61T

Impact tear gms/mil. plastics ASTM D1922-61T
resistance tho film

fabric ASTM D1424-59
paper ASTM D689-62

Diaphragm ft -lbs, plastics, ASTM D1709-62T
impact film (poly- CS 227-59, Par. 7.7
strength ethylene) MIL-P-4640A, Par. 4.5.6

Abrasion thickness plastics ASTM D1044-56
resistance (inches) or ASTM D1242-56

weight loss
per 1000
revolutions

PHYSICAL PROPERTIES

Gas perme- standard cc. plastic, ASTM D1434-58
ability per sq. meter- sheet Fed, Spec. CCC-T-191b,

dat-atmo fabric Methods 5450, 5452

Density gms./cc. or plastics, ASTM D1505-60T
lbs./cu.in, general ASTM D792-60T

Melt index gms./10 plastics, ASTM D1238-52T
minutes general MIL-P-4640A

0
Brittleness 0C. or F. plastics MIL-P-4640A
temperature film (poly- ASTM D1790-60T

ethylene) ASTM D746-57T
rubber ASTM D736-54T
plastics

Optical dimension- general ASTM D791-61T
transmittance less plastic, ASTM D1746 62T

sheeting

Blocking lbs./ft. plastic, ASTM D1893-61T
width film MIL-B-131C, Par. 4.6.6

Friction dimension- plastic, ASTM D1894-61T
less film CS 227-59, Par. 7.9
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523 Numerical Index of Specification

5.3.1 Federal Specification

CCC-T-191b Method 5100--"Strength and Elongation,
Breaking, of Woven Cloth; Grab
Method"

Method 5102= "Strength and Elongation,
5102.1 Breaking of Woven Cloth; Cot

Strip Method"
Method 5122--"Strength of Cloth; Diaphragm

Bursting Method"
Method 5134—"'Strength of Cloth, Tearing;

Tongue Method"
Method 5136'-"Strength of Cloth, Tearing;

Trapezoid Method"
Method 5452 -"Permeability to Air; Cloth;

Falling Cylinder Method:

5.3.2 Federal Test Method Standard

#601, Method 4111-"Rubber Sampling and Testing; Tensile
Strength"

Method 4131--"Rubber Sampling and Testing; Tensile
Stress"

#175, Method 1033--"Shear Strength Properties of Adhesives
Determined with Single-Lap Construc-
tions by Tension Loading"

Method 1033,loT=-"Shear Strength Properties of
Adhesives by Tension Loading"

5.3.3 Commercial Standards

CS 227-59-"Polyethylene Film"

5.3.4 Military Specifications

MIL-B131C -- "Barrier Material; Water Vaporproof, Flexible"

MIL-P-4640A(USAF) -"Plastic Film Polyethylene, for
Balloon Use"
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5,3,5 ASTM Standards (1961 Edition if not otherwise noted)

D 39-61 General Methods of Testing Woven Fabrics,,volo
10, page I

D 76-53 Specification for Textile Testing Machines,.
vol, 10, page 4

D 374-57 T Methods of Test for Thickness of Solid
Electrical Insulation (Tentative) o,vol. 9,
page 938, vol. 11, page 1414

D 412-62 T Method of Tension Testing of Vulcanized
Rubber (Tentative) ovol. 11, page 23, 1962
supo

D 518-61 Method of Test for Resistance to Surface Crack-
ing of Stretched Rubber Compounds ,,vol. 11,
page 210

D 618-61 Methods of Conditioning Plastics and Electrical
Insulating Materials for Testing ,vol, 9, page
826, vol. 11, page 1112

D 624-54 Methods of Test for Tear Resistance of Vulcan-
ized Rubber, ovol, 11, page 227

D 643-43 Methods of Test for Folding Endurance of Paper..
volo 6, page 83

D 674-56 Reco Practice for Long-Time Creep of Stress-
Relaxation Tests of Plastics Under Tension or
Compression Loads at Different Temperatures'.
volo 9, page 479

D 689-62 Method of Test for Internal Tearing Resistance
of Paper,,vol. 6, page 38, 1962 sup,

D 696-44 Method of Test for Coefficient of Linear Thermal
Expansion of Plastics.,vol, 9, page 506

D 732-46 Method of Test for Shear Strength of Plastics..
vol. 9, page 412

D 736-54 T Method of Test for Low-Temperature Brittle-
ness of Rubber and Rubber-like Materials
(Tentative),, vol. 11, page 317

D 745-57 T Method of Test for Brittleness Temperature
of Plastics and Elastomers by Impact (Tenta-
tive) ovol. 9, page 496, vol, 11, page 320

D 774-46 Method of Test for Bursting Strength of Paper.,
volo 6, page 150
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D 791-61 T Method of Test for Luminous Reflectance,
Transmittance, and Color of Materials (Tenta-
tive) ovol, 9, page 577

D 792-60 T Methods of Test for Specific Gravity and
Density of Plastics (Tentative) ovol. 9, page
734

D 795-57 T Rec, Practice for Accelerated Weathering of
Plastic Using S-1 Bulb and Fog Chamber,, vol.
9, page 655

D 882-61 T Methods of Test for Tensile Properties of
Thin Plastic Sheeting (Tentative),,vol. 9,
page 465

D 903-49 Method of Test for Peel of Stripping Strength
of Adhesivesovolo 6, page 489

D 945-59 Methods of Test for Mechanical Properties of
Elastomeric Vulcanizates Under Compressive or
Shear Strains by the Mechanical Oscillograph..
vol. 11, page 404

D 1002-53 T Method of Test for Strength Properties of
Adhesives in Shear by Tension Loading
(Metal-to-Metal) (Tentative), volo 11, page
419

D:.1004-61 Method of Test for Tear Resistance of Plastic
Film and Sheeting.ovolo 9, page 426

D 1044-56 Method of Test for Resistance of Transparent
Plastics to Surface Abrasion, volo 9, page 315

D 1149-62 T Method of Test for Accelerated Ozone Crack-
ing of Vulcanized Rubber, ovol, 11, page 515

D 1175-61 T Reco Practices for Operating Machines for
Testing Abrasion Resistance of Textile
Fabrics, ovol, 11, page 453

D 1238-62 T Method of Measuring Flow Rates of Thermo-
plastics by Extrusion Plastometer (Tentative)
,.volo 9, page 546

D 1242-56 Methods of Test for Resistance to Abrasion of
Plastic Materials,,vol, 9, page 318

D 1424-59 Method of Test for Tear Resistance of Woven
Fabrics by Falling-Pendulum (Elmendorf) Appar-
atus.ovol, 10, page 507

D 1434-58 Method of Test for Gas Transmission Rate of
Plastic Sheeting, ,volo 9, page 707
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D 1499-59 T Reco Practice for Operating Light- and
Water=Exposure Apparatus for Exposure of
Plastics.evol, 9, page 644

D 1501-57 T Reco Practice for Resistance of Plastics to
Artificial Weathering Using Fluorescent Sun
Lamp and Fog Chambero ovolo 9, page 660

D 1505-60 T Method of Test for Density of Plastics by
the Density-Gradient Technique (Tentative)..
volo 9, page 701

D 1530 Discontinued

D 1682-59 T Methods of Test for Breaking Load and Elonga-
tion of Textile Fabrics (Tentative) ovol.
10, page 731

D 1683-59 T Method of Test for Seam Breaking Strength
of Woven Textile Fabrics (Tentative) .volo
10, page 740

D 1109-62 T Method of Test for Impact Resistance of
Polyethylene Film by the Free Falling Dart
Method (Tentative) o.vol3 9, page 131, 1962
sup.

D 1746-62 T Method of Test for Transparency of Plastic
Sheeting (Tentative) ,,vol. 9, page 588

D 1790-62 Method of Test for Brittleness Temperature of
Plastic Film by Impact. volo 9, page 592

D 1893-61 T Method of Test for Blocking of Plastic Film
(Tentative) ovol. 9, page 334

D 1894-61 T Method of Test for Coefficient of Friction
of Plastic Film (Tentative) .vol. 9, page 343

D 1922-61 T Method of Test for Propagation Tear Resis-
tance of Plastic Film and Thin Sheeting
(Tentative) ovolo 9, page 430

D 1938-62 T Method of Test for Resistance to Tear
Propagation in Plastic Film and Thin Sheeting
by a Single-Tear Method (Tentative),.vol. 9,
page 153, 1962 sup.

D 2103-62 T Spec for Polyethylene Film and Sheeting
(Tentative) oovol, 9, page 118, 1962 sup,

E 4-61 T Methods of Verification of Testing Machines
(Tentative) ovol. 9, page 882, vol, 11, page
1603
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E 42-57 Rec. Practice for Operating Light- and Water-
Exposure Apparatus for Artificial Weathering
Test. vol. 9, page 971

E 74-57 Methods of Verification of Calibration Devices
for Verifying Testing Machines. ,vol, 9, page 888,
vol. 11, page 1656

E 104-51 Rec. Practice for Miaintaining Constant Relative
Humidity by Means of Aqueous Solutions. volo 9,
page 966, vol. 11, page 1680

E 111-61 Method for Determination of Young's Modulus at
Room Temperatureo.vol, 9, page 924, vol. 11,
page 1690

E 132-61 Method for Determination of Poisson's Ratio at
Room Temperature..vol. 9, page 929, vol. 11,
page 1713

E 143-61 Method for Determination of Shear Modulus at
Room Temperature..vol. 9, page 933, vol. 11,
page 1720

E 172-60 T Spec. for Standard Atmospheres for Condition-
ing and Testing Materials (Tentative) .vol.
9, page 905, vol. 11, page 1756

E 107-61 T Spec. for Enclosures and Servicing Units for
Tests Above and Below Room Temperature
(Tentative) o.vol. 9, page 877, vol. 11, page
1782

6. LITERATURE REFERENCES

6o1 General

PROPERTIES AND STRUCTURE OF POLYMERS, A. V. Tobolsky, John
Wiley & Sons, 1960.

PLASTIC ENGINEERING HANDBOOK, Society of the Plastics Industry,
Reinhold, 1960.

INTRODUCTION TO RUBBER TECHNOLOGY, M. Morton, Reinhold, 1959.

CONCISE GUIDE TO PLASTICS, H, R. Simonds & J, M. Church, Rein-
hold, 1963.

SOURCE BOOK OF THE NEW PLASTICS, Volo 2, H. R. Simonds,
Reinhold, 1961.

ENCYCLOPEDIA OF ENGINEERING MATERIALS AND PROCESSES, H. Clauser,
editor, Reinhold, 1963,
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THE SCIENCE OF ADHESIVE JOINTS, Jo J. Bikerman, Academic Press,
1961.

HANDBOOK OF ADHESIVES, I. Skeist, Reinhold, 1962.

TEXTBOOK OF POLYMER SCIENCE, F, We Billmeyer, Interscience
Publishers.

INTRODUCTION TO POLYMER CHEMISTRY, Jo K, Stille, John Wiley &
Sons,

PHYSICAL PROPERTIES OF POLYMERS, F. Bueche, John Wiley & Sons.

MECHANICAL BEHAVIOR OF HIGH POLYMERS, T, Alfrey, Jr., Inter-
science Publishers, 1948.

MECHANICAL PROPERTIES OF POLYMERS, L. E. Nielsen, Reinhold,
1962.

VISCOELASTIC PROPERTIES OF POLYMERS, J. D. Ferry, John Wiley &
Sons, 1961.

IMPACT PHENOMENA IN TEXTILES, W, JO Lyons, MIT Press, 1963.

DETERIORATION OF MATERIALS, G, A, Greathouse & C. J. Wessel,
Reinhold, 1954.

RADIATION EFFECTS ON ORGANIC MATERIALS, R. 0 Bolt & J, G.
Carroll, editors, Academic Press, 1963.

6.2 Specific Materials

POLYCARBONATES, Wo F. Christopher & D. W. Fox, Reinhold, 1962.

POLYESTERS, J. R, Lawrence, Reinhold, 1960.

POLYETHYLENE, R, A. Vo Raff & Jo B. Allison, Interscience
Publishers 1956.

POLYETHYLENE, T, 0. J. Kresser, Reinhold, 1957.

POLYTHENE, A, Renfrew, edo, Iliffe & Sons, London, 1960.

POLYPROPYLENE, T. 0. J. Kresser, Reinhold, 1960.

6.3 Testing

ASTM Standards, 1961

Part 6, Paper, Packaging, Adhesives, 'etc,
Part 9, Plastics
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Part 10, Textiles, etc.
Part 11, Rubber,.Electrical Insulation
1962 Supplements to 1961 Standards
American Society for Testing and Materials
1916 Race Street, Philadelphia

PLASTICS, ORGANIC: GENERAL SPECIFICATIONS, TEST METHODS,
Federal Specification L-P 406bo

RUBBER: SAMPLING AND TESTING, Federal Test Method Standard
No. 601, General Services Administration°

TEXTILE TEST METHODS, Federal Specification CCC-T-191b, General
Services Administration,

"New Directions in Materials Testing,"
MATERIALS IN iDESIGN ENGINEERING
Volo 53, No, 6, 117-48 (June 1961) 

SYMPOSIUM ON SHEAR AND TORSION TESTING,
STP #289,ASTM, February 1961.

SYMPOSIUM ON PLASTICS TESTING AND STANDARDIZATION,
STP #247, ASTM, 1958.
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Figure 1 A.S.T.M. TEST D412, DIE C

Figure 2 A.S.T.M. 1004-61, GRAVES SPECIMEN
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In stationary grip

A
Precut _
slit /

B
I___L___________ __ In other grip

Figure 3 TEAR TEST SPECIMEN FOR PLASTIC FILMS
(A.S.T.M. D1938-62T)
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0

Time

Figure 4a TYPICAL LOAD-TIME CURVE FOR LOW EXTENSIBLE
FILM (A.S.T.M. D1938-62T)

Maximum Load 

coU
0/

Initial Tear "Blip"

Initial Tear Load

Time

Figure 4b TYPICAL LOAD-TIME CURVE FOR HIGHLY EXTENSIBLE

FILM (A.S.T.M.D1938-62T)
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Grip

II1

Precut slit 

Grip

A. Tongue Method
(1/2 actual size)

Slit is precut

Grip

Folds of ~C c ",
excess
material ¢ °CC· t

Edges along which
material is clamped

Grip

B. Trapezoid Method Specimen in
(1/2 actual size) loaded position

Figure 5 TEAR TEST
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Grip in
Grip in swinging stationary
pendulum Precut frame

slit \ Ix

Figure 6 ELMENDORF TEAR TEST
(A.S.T.M. D1922)
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Test strip (15 mm. x 10 cm.)
under tension (790 to 1000 grams)

RollersRol ler s < Test strip

f i Slotted beam

Figure 7 SCHOPPER FOLDING ENDURANCE TEST
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Test film under tension (0 - 1.5 kg.)

I

Wheel rotates - 135 with 175 double
folds per minute

Film clamps with 0.38 mm. nose radii /

-< ~ Zero position of wheel

Figure 8 MIT FOLDING ENDURANCE TEST
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Load

I— Staples

Paper

Figure 9 BRITTLENESS TEMPERATURE IMPACT TEST
(A.S.T.M. D1790)
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2 I0 ~Material follows Hooke's Law
n I

/ I

Strain

A. Young's Modulus

a)// a)

JJ // 4J

Strain Strain

B. Initial Tangent Modulus C. Secant Modulus

Figure 10 DEFINITIONS OF MODULUS



I

I



I



I

I


	CONTENTS
	1. INTRODUCTION
	1.1 Material Specifications
	1.1.1 Polyethylene

	1.2 Test Methods
	1.2.1 American Society for Testing and Materials
	1.2.2 Military Specifications
	1.2 3 Federal Test Methods


	2. MECHANICAL PROPERTIES
	2.1 Uniaxial Static Tests
	2.1.1 Ultimate Tensile Strength
	2.1.1.1 Films
	2.1.1.2 Rubber
	2.1.1.3 Fabrics
	2.1.2 Ultimate Elongation
	2.1.3 Modulus of Elasticity
	2.1.3.1 Films
	2.1.3.2 Rubber
	2.1.3.3 Fabrics
	2.1.3.4 Shear Modulus
	2.1.4 Yield Strength
	2.1.5 Adhesive or Seal Strength
	2.1.5.1 Peel Strength
	2 1.5 2 Lap-Shear Strength
	2.1.6 Shear Strength
	2.1.7 Poisson's Ratio

	2.2 Multi-Axial Static Tests
	2.2.1 Tear Initiation
	2.2.2 Tear Propagation
	2.2.3 Burst Tests

	2.3 Dynamic Testing
	2.3.1 Tensile Creep
	2.3.2 Impact Tear Propagation
	2.3.3 Diaphragm Impact
	2.3.4 Abrasion Resistance
	2.3.5 Folding Endurance or Flex Life


	3. PHYSICAL PROPERTIES
	3.1 Gas Permeability
	3.2 Density
	3.3 Melt Index
	3.4 Brittleness Temperature
	3,5 Optical Characteristics
	3.6 Blocking
	3.7 Friction
	3,8 Ozone and Ultra-violet Durability
	3.9 Thermal Expansion

	4. TEST CONDITIONS AND PROCEDURES
	4.1 Conditioning Environment s
	4.2 Test Environments
	4.3 Sample Preparation
	4.4 Testing Machines
	4.5 Grips and Clamps

	5. NOMENCLATURE AND DEFINITIONS
	5.1 Material Properties
	5.2 Units and Test Methods
	5.3 Numerical Index of Specification
	5.3.1 Federal Specification
	5.3.2 Federal Test Method Standard
	5.3.3 Commercial Standards
	5.3.4 Military Specifications
	5.3.5 ASTM Standards (1961 Edition if not otherwise noted)

	6. LITERATURE REFERENCES
	6.1 General
	6.2 Specific Materials
	6.3 Testing

	ILLUSTRATIONS
	Figure .1 ASTM Test D412, Die C
	Figure 2 ASTM 1004-61, Graves Specimen
	Figure 3 Tear Test Specimen for Plastic Films (ASTM D1938-62T)
	Figure 4a Load-Time Curve for Low-Extensible Film (ASTM D1938-62T)
	Figure 4b Load-Time Curve for Highly Extensible Film (ASTM D1938-62T)
	Figure 5 Tear Test......
	Figure 6 Elmendorf Tear Test (ASTM D1922)
	Figure 7 Schopper Folding Endurance Test
	Figure 8 MIT Folding Endurance Test
	Figure 9 Brittleness Temperature Impact Test (ASTM D1790)
	Figure 10 Definitions of Modulus


